(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
21 March 2024 (21.03.2024)

‘O 00 00O T O 0
(10) International Publication Number

WO 2024/059225 Al

WIPO I PCT

(51) International Patent Classification:
GO1C 21/34 (2006.01) GOI1C 21/36 (2006.01)

(21) International Application Number:
PCT/US2023/032785

(22) International Filing Date:
14 September 2023 (14.09.2023)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
63/375,828 15 September 2022 (15.09.2022) US
63/376,988 23 September 2022 (23.09.2022) US

(71) Applicant: DALLAS/FORT WORTH INTERNATION-
AL AIRPORT BOARD [US/US]; P.O. Box 619428, DFW
Airport, Texas 75261-9428 (US).

(72) Inventor: HORTON, Robert; PO. Box 619428, DFW
Airport, Texas 75261-9428 (US).

(74) Agent: ANDERSON, Matthew S. et al.; Munck Wilson
Mandala, LLP, 600 Banner Place Tower, 12770 Coit Road,
Dallas, Texas 75251 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CV, CZ,DE, DJ, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IQ, IR, IS, IT, JM, JO, JP, KE, KG,
KH, KN, KP, KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY,
MA, MD, MG, MK, MN, MU, MW, MX, MY, MZ, NA,
NG, NI, NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO,
RS, RU,RW, SA, SC, SD, SE, SG, SK, SL, ST, SV, SY, TH,
TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, WS,
ZA,ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, CV,
GH, GM,KE, LR,LS, MW, MZ, NA, RW, SC, SD, SL, ST,
SZ, TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ,

RU, TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ,

(54) Title: DIGITAL TWIN-BASED SYSTEM AND METHOD FOR REDUCING PEAK POWER AND ENERGY CONSUMPTION

IN APHYSICAL SYSTEM

810 814

800
0D >
SR

Policy

No New Policy- Status Quo

™~802

HB\BM 806

TNC Remote Curb For Drop Off/ Pick Up

Lane CIosure

Balance Traffic Between Terminals

~—804

Taxi and Limo Pick Up and Drop Off(%)

Schedule Of Shuttles to/from Rca

Schedule Of Shuttles from/to Parking

Encourage Public Transportation

Change Curbside Allocation

816
A== \
oo
O DEL
Time Margin
808
High Demand

FIG. 8

wo 2024/059225 A1 |0 0000 KOO0 O 0

(57) Abstract: A method (1400) includes identifying (1410) a route for passengers seeking to enter a building. The route includes at
least one section of road for automobiles to access a building; or at least one access point inside the building for pedestrians to pass
through. The method includes receiving (1420) traffic flow information corresponding to the route. The method includes determining
(1430) whether the received traffic flow information corresponds to a condition that impedes the route, from among a set of pre-trained
conditions. The method includes identifying and displaying (1440) a list of user-selectable state alternatives related to the condition
that impedes the route, based on a determination that the received traffic flow information corresponds to the condition.

[Continued on next page]



WO 2024/059225 A | [I00] 00000000 O O

DE, DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT,
LU, LV, MC, ME, MK, MT, NL, NO, PL, PT, RO, RS, SE,
S, SK, SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN,
GQ, GW, KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

— as to applicant's entitlement to apply for and be granted a
patent (Rule 4.17(ii))

Published:
—  with international search report (Art. 21(3))



10

15

20

25

30

WO 2024/059225 PCT/US2023/032785

DIGITAL TWIN-BASED SYSTEM AND METHOD FOR REDUCING PEAK POWER AND
ENERGY CONSUMPTION IN A PHYSICAL SYSTEM

TECHNICAL FIELD
[0001] This disclosure generally relates to management and control of a system. More
specifically, this disclosure relates to a digital twin-based system and method for reducing peak

power and energy consumption in a physical system.

BACKGROUND

[0002] Modern society increasingly relies upon complex and interconnected
infrastructure to function in a manner that enables sustained growth. When this infrastructure
performs well and meets service delivery requirements, societal activity can continue in a manner
consistent with policy incentives, goals, and needs. Conversely, when such infrastructure struggles
to meet service requirements because of external stressors and disruptions or deterioration, the
implications to societal wellbeing can be wvast. System-level disruptions involving this
infrastructure can cause various negative consequences, including: economic losses, damaged
human health, reduced societal trust, reduced societal cohesion, or hazardous environmental
implications. Of great concern are situations in which infrastructure disruption contributes to
cascading systemic failure and situations in which disruptions to infrastructure percolate through
society causing devastating and potentially irreversible outcomes. For example, in February 2021,
Winter Storm Uri brought frigid temperatures (particularly, eight days of below freezing
temperatures) to a widespread geographical area across the North American continent, including
parts of Canada, the United States of America, and northern parts of Mexico. During Winter Storm
Uri, cascading failures of interdependent infrastructure systems within the electrical grid within
Texas deprived millions of people of heat and electricity for an extended period.

[0003] Historically, as a solution to safeguard infrastructure from system-level
disruptions, various stakeholders utilize a risk assessment approach that is to: characterize threats,
evaluate vulnerabilities, and identify direct and indirect (or unintended) consequences associated
with disruption. Unfortunately, for modern infrastructure, many threats (for example, human

pathogens or regional extreme weather events) are difficult to anticipate.

SUMMARY
[0004] This disclosure provides a digital twin-based system and a method for

predicting traffic flow information based on a selected alternative for redirection of the traftic flow
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in a physical system, and a method for predicting a delayed departure of a transport vehicle based
on traffic flow information in the physical system.

[0005] In a first embodiment a digital twin-based system and a method for predicting
traffic flow information based on a selected alternative for redirection of the traffic flow in a
physical system is provided. The method includes identifying a route for passengers seeking to
enter a building. The route includes at least one section of road for automobiles to access a building;
or at least one access point inside the building for pedestrians to pass through. The method includes
receiving traffic flow information corresponding to the route. The method includes determining
whether the received traffic flow information corresponds to a condition that impedes the route,
from among a set of pre-trained conditions. The method includes identifying and displaying a list
of user-selectable state alternatives related to the condition that impedes the route, based on a
determination that the received traffic flow information corresponds to the condition.

[0006] In a second embodiment, an electronic device supporting a digital twin-based
system and a method for predicting traffic flow information based on a selected alternative for
redirection of the traffic flow in a physical system in a physical system is provided. The electronic
device includes at least one processor configured to identify a route for passengers seeking to enter
a building. The route includes at least one section of road for automobiles to access a building; or
at least one access point inside the building for pedestrians to pass through. The at least one
processor is configured to receive traffic flow information corresponding to the route. The at least
one processor is configured to determine whether the received traffic flow information corresponds
to a condition that impedes the route, from among a set of pre-trained conditions. The at least one
processor is configured to identify and display a list of user-selectable state alternatives related to
the condition that impedes the route, based on a determination that the received traffic flow
information corresponds to the condition.

[0007] In a third embodiment, a non-transitory computer readable medium containing
instructions that, when executed, cause at least one processor to support a digital twin-based system
and a method for predicting traffic flow information based on a selected alternative for redirection
of the traffic flow in a physical system in a physical system is provided. The computer program
includes computer readable program code that, when executed by a processor of an electronic
device, causes the electronic device to identify a route for passengers seeking to enter a building.
The route includes at least one section of road for automobiles to access a building; or at least one
access point inside the building for pedestrians to pass through. The computer readable program
code causes the electronic device to receive traffic flow information corresponding to the route.
The computer readable program code causes the electronic device to determine whether the

received traffic flow information corresponds to a condition that impedes the route, from among a
2
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set of pre-trained conditions. The computer readable program code causes the electronic device to
identify and display a list of user-selectable state alternatives related to the condition that impedes
the route, based on a determination that the received traffic flow information corresponds to the
condition.

[0008] Other technical features may be readily apparent to one skilled in the art from

the following figures, descriptions, and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] For a more complete understanding of this disclosure, reference is made to the
following description, taken in conjunction with the accompanying drawings, in which:

[0010] FIG. 1 illustrates an example electronic device supporting a digital twin-based
system and method for reducing peak power and energy consumption in a physical system
according to this disclosure;

[0011] FIG. 2 illustrates an example of the digital twin-based system according to this
disclosure;

[0012] FIG. 3 illustrates an aerial view image of a geographical area containing
multiple physical systems according to this disclosure;

[0013] FIG. 4 illustrates an example geographical area containing multiple physical
systems according to this disclosure;

[0014] FIG. 5 illustrates an example complex ecological system that is an airport,
according to this disclosure;

[0015] FIG. 6 illustrates example data streams into the electronic device associated
with an airport according to this disclosure;

[0016] FIG. 7 illustrates an example user interface generated by a digital twin tool and
displayed by a user device according to this disclosure;

[0017] FIG. 8 illustrates an example list of user-selectable state alternatives that a
digital twin tool displays according to this disclosure;

[0018] FIG. 9 illustrates a user interface showing a traffic flow of vehicles and
pedestrians that a digital twin tool generates in response to a selection of a first state alternative
from the list of user-selectable state alternatives in FIG. 8, according to this disclosure;

[0019] FIG. 10 illustrates a user interface showing a predicted traffic flow of vehicles
and pedestrians that the digital twin tool generates in response to a selection of the third state

alternative from the list of user-selectable state alternatives in FIG. 8, according to this disclosure;
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[0020] FIG. 11A illustrates a generator function within a digital twin for generating a
microscopic simulation including a predicted traffic flow of vehicles and pedestrians, according to
this disclosure;

[0021] FIG. 11B illustrates a user interface of traveler origins by mode of transportation
used to travel to an airport;

[0022] FIG. 11C illustrates a user interface of domestic traveler arrival destinations
originating at the same departure airport on a single day;

[0023] FIG. 11D illustrates a shuttle bus route for reassignment of different numbers
of shuttles, according to embodiments of this disclosure;

[0024] FIG. 11E illustrates multiple shuttle bus routes for route modification,
according to embodiments of this disclosure;

[0025] FIG. 12 illustrates an example of a digital twin-based method for reducing peak
power and energy consumption in a physical system according to this disclosure;

[0026] FIGS. 13A-13C (together FIG. 13) illustrate an example of a digital twin-based
method for predicting a delayed departure of a transport vehicle based on traffic flow information
in a physical system according to this disclosure; and

[0027] FIG. 14 illustrates an example digital twin-based method for predicting traffic
flow information based on a selected alternative for redirection of the traftic flow in a physical

system.

DETAILED DESCRIPTION

[0028] FIGS. 1 through 14, described below, and the various embodiments used to
describe the principles of the present invention in this patent document are by way of illustration
only and should not be construed in any way to limit the scope of the invention. Those skilled in
the art will understand that the principles of the present invention may be implemented in any type
of suitably arranged device or system.

[0029] FIG. 1 illustrates an example electronic device 100 supporting a digital twin-
based system and method for reducing peak power and energy consumption in a physical system
according to this disclosure. The embodiment of the electronic device 100 shown in FIG. 1 is for
illustration only. Other embodiments could be used without departing from the scope of the present
disclosure. The electronic device 100 of FIG. 1 may, for example, be used in the digital twin-based
system 200 of FIG. 2 to interact with and control the operation of one or more physical systems
202, 204, 206.

[0030] As shown in FIG. 1, the electronic device 100 includes at least one processing

device 102, at least one storage device 104, at least one communications unit 106, and at least one

4
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input/output (I/O) unit 108. The processing device 102 may execute instructions that can be loaded
into a memory 110. The processing device 102 includes any suitable number(s) and type(s) of
processors or other processing devices in any suitable arrangement. Example types of processing
devices 102 include one or more microprocessors, microcontrollers, digital signal processors
(DSPs), application specific integrated circuits (ASICs), field programmable gate arrays (FPGAs),
or discrete circuitry. In some embodiments, the processing device 102 is a programmable logic
controller (PLC) having user-selectable parameters.

[0031] The memory 110 and a persistent storage 112 are examples of storage devices
104, which represent any structure(s) capable of storing and facilitating retrieval of information
(such as data, program code, and/or other suitable information on a temporary or permanent basis).
The memory 110 may represent a random access memory or any other suitable volatile or non-
volatile storage device(s). The persistent storage 112 may contain one or more components or
devices supporting longer-term storage of data, such as a read only memory, hard drive, Flash
memory, or optical disc. The storage devices 104 store at least one digital twin tool 114 (simply
referred to as “digital twin” of “DT”) of a physical system, and details about the DT 114 are
described below throughout this disclosure. In certain embodiments, the at least one DT 114
includes multiple DT 114, each of a different physical system. In certain embodiments, the DT 114
is a software platform executed on a group of servers.

[0032] The communications unit 106 supports communications with other systems or
devices. For example, the communications unit 106 may support communications with external
systems that provide information to the electronic device 100 for use in processing nuts, such as
automated tempering of nuts. The communications unit 106 may support communications through
any suitable physical or wireless communication link(s), such as a network or dedicated
connection(s). For example, the communications unit 106 may be controlled by the processing
device 102 to receive performance measurements, such as performance measurements that are
from various components associated with the physical systems of FIG. 2. The various components
associated with the physical systems of FIG. 2 may be communicably coupled to communications
unit 106 via the network 120. The performance measurements received at the communications unit
106 are input to the DT 114.

[0033] The I/O unit 108 allows for input and output of data. For example, the I/O unit
108 may provide a connection for user input through a keyboard, mouse, keypad, touchscreen, or
other suitable input device. The I/O unit 108 may also send output to a display or other suitable
output device. The I/O unit 108 can further support communications with various components of
the digital twin-based system 200 of FIG. 2. For example, input data and output data of I/O unit

108 can be received from or output to one or more sensors 130, and one or more databases 132,
5
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one or more controllers 134 of a physical component or IoT and other connected data sources 136
within the digital twin-based system 200 of FIG. 2. Each of the sensors 130 can have a sensor
identifier (ID) stored in the databases 132 that link the sensor ID to a location where the sensor is
installed and to a sensor detection location where the sensor detects phenomena. In the databases
132, each of the controllers 134 can have an ID linked to an ID of the physical component
controlled by the controller.

[0034] The input data and output data of I/O unit 108 can also be received from or
output to one or more optimizers 138, and details about the optimizers 138 are described further
with FIGS. 8-14. The optimizers 138 may be triggered by the processing device 102 to activate
and process data that the I/O unit 108 sends from the DT 114 to the optimizer 138. For example,
the I/O unit 108 is operably connected to the optimizers 138 that are implemented on another
electronic device 101, such as a local server part of the same server system. In some embodiments,
the optimizers 138 can be stored on the storage devices 104, and are executed by (or controlled by)
the processing device 102. In some embodiments, the optimizers 138 can be implemented on an
external electronic device (e.g., an external system of servers) that is communicably coupled to the
communications unit 106 via the network 120.

[0035] Although FIG. 1 illustrates one example of an electronic device 100, various
changes may be made to FIG. 1. For example, computing devices and systems come in a wide
variety of configurations, and FIG. 1 does not limit this disclosure to any particular computing or
communication device or system.

[0036] FIG. 2 illustrates an example of the digital twin-based system 200 according to
this disclosure. The embodiment of the digital twin-based system 200 shown in FIG. 2 is for
illustration only. Other embodiments could be used without departing from the scope of the present
disclosure. The digital twin-based system 200 of FIG. 2 may, for example, incorporate or be used
in connection with or the electronic device 100 of FIG. 1 to for training a DT 114a, 114b, 114c as
a virtual representation of a corresponding physical system 202, 204, 206, respectively. The digital
twin-based system 200 of FIG. 2 may, for example, incorporate or be used in connection with the
electronic device 100 of FIG. 1 for utilizing a trained DT 114a, 114b, 114c to implement a digital
twin-based method according to embodiments of this disclosure. According to this disclosure, an
example digital twin-based method is for reducing peak power and energy consumption in a
physical system by utilizing a digital twin-based system trained as a virtual representation of the
physical system, as shown in FIG. 12. According to this disclosure, another example digital twin-
based is for predicting a delayed departure of a transport vehicle based on traffic flow information
in a physical system by utilizing a digital twin-based system trained as a virtual representation of

the physical system, as shown in FIG. 13. According to this disclosure, another example digital
6
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twin-based method is for predicting traffic flow information based on a selected alternative for
redirection of the traffic flow in a physical system by utilizing a digital twin-based system trained
as a virtual representation of the physical system, as shown in FIGS. 7-10 and 14. For ease of
explanation, this disclosure provides a non-limiting scenario in which the first DT 114a is a digital
twin of one or more buildings (for example, terminal buildings and office buildings) of an airport,
the second DT 114b is a digital twin of land within boundaries of the airport, and the third DT
114cis a digital twin of the airfield and airspace of the airport. Note, however, that the digital twin-
based system 200 of FIG. 2 may be used with any other suitable device and in any other suitable
system.

[0037] The system 200 includes at least one physical system, for example, a first
physical system 202, second physical system 204, and third physical system 206. The system 200
includes one or more sensors 130a-130c, one or more databases 132a-132c, one or more controllers
134a-134c a physical component, and one or more [oT and other connected data sources 136a-
136¢ associated with a corresponding physical system 202, 204, 206, respectively. In certain
embodiments, the databases 132a-132c are separate, and in other embodiments, the databases
132a-132c¢ are integrated as a combined database 132. The system 200 includes one or more
electronic devices 100a-100c, each of which includes a corresponding DT 114a-114c¢ that affects
operational control of a corresponding physical system 202, 204, 206, respectively. Each of the
electronic devices 100a-100c is connected to the database 132, for example, via the network 120.
In certain embodiments, each electronic device 100a, 100b, 100c includes a corresponding
database 132a,132b, 132¢ which may be coupled to the corresponding DT 114a, 114b, 114c
internally within the electronic device 100a, 100b, 100c, respectively. The system 200 includes
network connections 208 from the DTs 114a, 114b, 114c to one or more service-providing servers
210, which may provide data for updating the database 132 or as inputs to functions executed by
the DTs 114a-114c. The system 200 includes network connections 212 from the DTs 114a, 114b,
114c to one or more user devices 214 (also referred to as ser equipment (UE)), such as client
computer 214a or a smartphone 214b. The client computer 214a can be a desktop or laptop
computer. The smartphone 214b can be a mobile device, such as a tablet or wearable device (e.g.,
smartwatch).

[0038] The first DT 114a is a digital twin of the first physical system 202, the second
DT 114b is a digital twin of the second physical system 204, and the third DT 114c is a digital twin
of the third physical system 206. For example, the first DT 114a receives sensor measurements
216a from the sensors 130a associated with the first physical system 202, for example, via the
network 120. The first DT 114a receives state information and other data 218a from the first loT

data sources 136a associated with the first physical system 202, for example, via the network 120.
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The first DT 114a communicates control signals 220a to the first controllers 134a for controlling
operations of the first physical system 202, for example, via the network 120. The second DT 114b
and third DT 114c respectively receive sensor measurements 216b, 216c, state information and
other data 218b-218c from the sensors 130b and 130c and data sources 136b and 136¢, and
respectively communicate control signals 220b, 220c with the controllers 134b and 134¢ associated
with the second physical system 204 and third physical system 206, which is in an analogously
way as the first DT 114 associated with the first physical system 202. In certain embodiments, the
DTs 114a, 114b, 114c¢ interface with each other such that output data from one DT (114a) is
provided as input data to another DT (114b and/or 114c), for example, via a network connection.

[0039] The network connections 208 may include a connection to an application
programming interface (API) web service provided by the National Weather Service (NWS) of the
U.S. government, or the State of Texas Department of Transportation (TxDOT). As such, the
service-providing servers 210 may include a server of a third party service provider, such as the
NWS, or TxDOT. For example, the system 200 can be referred to as a server system, and the
service-providing servers 210 are external server systems.

[0040] Although FIG. 2 illustrates one example of a digital twin-based system 200,
various changes may be made to FIG. 2. For example, various components in FIG. 2 may be
combined, further subdivided, replicated, omitted, or rearranged and additional components may
be added according to particular needs. As a particular example, the physical systems 202-206
could represent other physical systems, such as train stations, ocean ports, or campus of a corporate
headquarters.

[0041] FIG. 3 illustrates an aerial view image of a geographical area 300 containing
multiple physical systems according to this disclosure. Particularly, the geographical area 300 is
the land at and within the boundary 310 of the airport, such as Dallas Fort Worth International
Airport (DFW). For distinction, land outside the boundary 310 is mildly blurred and has a muted
or lighter shade, and in comparison, land inside the boundary 310 has darker shades. The
geographical area 300 includes multiple buildings 320 of the airport (such as first physical system
202 of FIG. 2), land within boundaries of the airport (such as second physical system 204 of FIG.
2), and the airfield and airspace of the airport (such as third physical system 206 of FIG. 2). The
buildings of the airport include terminal buildings and office buildings.

[0042] According to this example, a first digital twin 114a may be a digital
representation of buildings of the airport. The first digital twin 114a reduces peak power and
overall energy consumption while informing improvements in airport operations, for example:
using flight schedules to forecast building occupancy levels; using weather forecasts to predict

heating/cooling demand and grid conditions; and providing the flexibility for using on-site
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renewables and storage. For example, based on predicted grid conditions (e.g., price per kW is
above a threshold price; a predicted demand response signal instructing a reduction of electric
load) of electric utility grid infrastructure, the DT 114 can send control signals to a controller of
on-site renewable energy generators and on-site energy storage devices to modify (e.g., increase)
output. A behind-the-meter-storage (BTMS) system defines optimal system designs and energy
flows for thermal and electrochemical behind-the-meter-storage with on-site photovoltaic (PV)
generation enabling high-power charging of passenger vehicles and airport vehicles.

[0043] The second DT 114b is a digital representation of the landside of the airport and
enhances passenger mobility and freight mobility to and from the airport.

[0044] The third DT 114c is a digital representation of the airside of the airport. The
third DT 114c optimizes the movement of aircraft and ground-support equipment to reduce (for
example, minimize) delays and reduce energy consumption.

[0045] FIG. 4 illustrates an example geographical area 400 containing multiple
physical systems according to this disclosure. Particularly, the geographical area 400 is a top view
of the land at and within the boundary 410 of an example airport. The geographical area 400
includes one terminal building 420 of the airport (such as first physical system 202 of FIG. 2), land
430 within boundaries of the airport (such as second physical system 204 of FIG. 2) excluding the
airfield 440, and the airfield 440 of the airport (such as third physical system 206 of FIG. 2). An
airfield is space specifically allocated for aircraft to take off and land. In this example, the airfield
440 includes a paved runway, but other airfields may include a runway that is grass, gravel, or strip
of dirt.

[0046] FIG. 5 illustrates an example complex ecological system that is an airport,
according to this disclosure. For ease of explanation, the complex ecological system will be
referred to as the airport 500. The airport 500 includes natural systems 510, buildings 520, human
systems 530, transport networks 540, utilities 550, and a communications and technology system
560.

[0047] Air pollution, noise pollution, changes to water usage, and changes to land
usage are generated by the airport 500 and input to the natural systems 510, as shown by arrow
502. The Climate change affects natural systems 510 of the airport, as shown by the bidirectional
arrows 504. The human systems 530 input demographics 506 into the airport and sometimes output
pandemics 508 that affect the airport. Electrification occurring in the transport network 540
generates demand for utilities 550, as shown by arrow 514. Energy reliability and water reliability
are provided from the utilities 550, as shown by arrow 516. Emergency management 518 depends
upon the communications and technology systems 560. Policy from local, state, federal, and

international government bodies are inputs to airport operations, as shown by arrow 522. For
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example, the communications and technology systems 560 having infrastructural upgrades to 5G
cellular technology caused government bodies to enact policies that affected airport operations.

[0048] Although FIG. 5 illustrates one example of a complex ecological system that is
an airport 500, various changes may be made to FIG. 5. For example, various components in FIG.
5 may be combined, further subdivided, replicated, omitted, or rearranged, and additional
components may be added according to particular needs.

[0049] FIG. 6 illustrates example data streams 600 into the electronic device 100
associated with an airport according to this disclosure. The data streams 600 can be stored in the
database 132 and analyzed by the DT 114. The embodiment of the data streams 600 shown in FIG.
6 is for illustration only. Other embodiments could be used without departing from the scope of
the present disclosure.

[0050] The data streams 600 can be received from service-providing servers 210 (FIG.
2). The data streams 600 include flight schedules data 602, freight routes data 604, fleet analytics
data 606, demographic data 608, ride share data 610, traffic data 612, and transit data 614. The DT
114 can predict air traffic based on the flight schedule data 602. The DT 114 can predict load factor
values based on the freight routes data 604, which may include a value (e.g., volume, weight,
and/or monetary) of cargo to be transported. A load factor value can be a percentage utilization of
the number of seats and/or the amount of cargo space on an aircraft. The DT 114 can predict values
of vendor supplies based on the fleet analytics data 606. The DT 114 can determine the number of
electric vehicles at the airport, the number of electric vehicle charging stations that are requested,
available, or occupied based on the demographic data 608. For example, the demographic data 608
may indicate a parking permit is issued for an electric vehicle associated with an employee or and
employee badge ID. The demographic data 608 may indicate a request to reserve an electric vehicle
charging station. The DT 114 can predict values of CAVS, bus shuttles, taxi vehicles, and light
rail vehicles based on at least of the demographic data 608, ride share data 610, traffic data 612,
and transit data 614.

[0051] FIG. 7 illustrates an example user interface 700 generated by the DT 114 and
displayed by a user device 214 according to this disclosure. The embodiment of the user interface
700 shown in FIG. 7 is for illustration only. Other embodiments could be used without departing
from the scope of the present disclosure.

[0052] The user interface 700 displays a computer-aided design (CAD) rendering of a
road 702 passing through an airport and the buildings 320 at the airport and, for example, a top
view in line drawing format. In this example, the second DT 114b includes a digital model of the
second physical system 204, including a two-dimensional (2D) digital model of the road 702 in

the form of the CAD rendering. The digital model of the second physical system 204 includes the
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road 702, which includes multiple sections of road for automobiles to access each building 320 at
curbside. Curbside can be boundary where a passenger of an automobile converts to a pedestrian
by exiting the automobile.

[0053] Sensors 130a detect and measure phenomena in the first physical system 202,
and send sensor data to the first DT 114a. Sensors 130b detect and measure phenomena in the
second physical system 204, and send sensor data to the second DT 114b. In this example, the
sensors 130b send traffic flow information (including traffic flow values) to the second DT 114b.
The second DT 114b links the locations of the sensors 130b to traffic flow information received
from the sensors, respectively. For example, a sensors 130b count the number of vehicles entering
and the number of vehicles exiting through a boundary of the second physical system 204, for
example, by passing through a toll plaza 708. The numbers can be referred to as toll plaza
throughput. The sensors 130b can include traffic counters that detect the speed at which vehicles
are traveling along each section of the road 702. The sensors 130b can include traffic cameras
located at each lane of the toll plaza, at each bridge, at each ramp for accessing a curbside of a
building, etc. The traffic cameras can indicate whether a particular lane of a particular section of
road includes a vehicle that are parked, idling, or moving, and can indicate a speed the vehicles.
Based on the location of the sensors 130b, the second DT 114b determines whether a section of
road is congested for automobiles, for example, by determining that the received traffic flow values
are outside an expected value (or range of expected values). For example, if the traffic counters
and traffic camera sensors 130b indicate that a current speed for section of road is too slow
compared to a range speeds expected for that section of road, then the second DT 114b can generate
a visual indicator of congestion. The range of speeds expected can be based on the speed measured
by the sensors 130b for the same time of day on other days, the same day of the year in other years,
etc. The speeds outside of the range of speeds expected can represent the slowest 5% of the speeds
previously measured for that section of road. The second DT 114b can update the database 132 to
indicate that a section of the road 702 is determined congested during a specific period of time
(e.g., start timestamp and end timestamp, or duration of time).

[0054] The user interface 700 displays visual indicators 704, 706 of traffic flow values,
including amounts of vehicle traffic in road areas, amounts of pedestrian traffic inside buildings in
specific areas (e.g., security checkpoints, gate areas), amounts of pedestrian traffic outside
buildings in curbside areas. The visual indicators 704 indicate traffic of roadway vehicles, and the
visual indicators 706 indicate traffic of pedestrians. The visual indicators 704, 706 are colored
differently to indicate different traffic flow values, such as green, light turquoise blue, dark blue,
yellow, orange, and red for varying ranges of traffic flow values (for example, ranges based a

standard deviation and/or average value).
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[0055] In the case of pedestrians, a green visual indicator 706g at a curbside area may
indicate a volume of pedestrian traffic in a first range of values (e.g., a range of normality for
pedestrians; or a range relative to a reference value, expected value, or average value). The light
turquoise blue visual indicator 706t in a gate area may indicate a volume of pedestrian traffic in a
second range of values, which may be greater than the first range of values of volume of pedestrian
traffic, and which may be less than a third range of values of volume of pedestrian traffic. In a
similar manner, third through sixth ranges of values of volume of pedestrian traffic are greater than
second through fifth ranges of values of volume of pedestrian traffic, respectively. A dark blue
visual indicator may indicate in a gate area may indicate a volume of pedestrian traffic in a third
range of values. The yellow visual indicator 706y in a security checkpoint area may indicate a
volume of pedestrian traffic in a fourth range of values. An orange visual indicator 7060 may
indicate area may indicate a volume of pedestrian traffic in a fifth range of values. The red visual
indicator 706r in the gate area may indicate a volume of pedestrian traffic in a sixth range of values.

[0056] Analogously, in the case of vehicles, a green visual indicator 704g along the
road 702 may indicate a volume of vehicle traffic in a first range of values (e.g., a range of
normality for vehicles; or a range relative to a reference value, expected value, or average value),
or that a current speed of vehicle traffic is within a range of normality for vehicle speeds. An orange
visual indicator 7040 diagonal across the road 702 may indicate a speed of vehicle traffic
accelerating decelerating in order to enter or exit a toll plaza (including multiple lanes with toll
booths), or may indicate a volume of vehicle traffic in a fifth range of values.

[0057] The DT 114 can associate (e.g., link) each of the terminal buildings 320a-320e
with a route (or multiple routes) for passengers seeking to enter the building. The passengers
seeking to enter the building can include passengers of automobiles seeking to enter the building
as workers whose jobsites are inside the building, and passengers ticketed for a flight on an aircraft
(i.e., a transport vehicle) scheduled to depart from a particular boarding gate (e.g., a boarding
location, an arrival/departure gate) inside the building. The passengers seeking to enter the building
can take a route that includes one or more sections of the road 702 for automobiles to access the
building. The passengers seeking to access a boarding location inside the building can take a route
that includes at least one access point (e.g., a security screening checkpoint) inside the building for
pedestrians to pass through. To create a building-to-route association, the DT 114 can associate a
particular building, such as building named Terminal A, each of the sections of the route including:
the section of road adjacent to a curbside of Terminal A, section of road that is a bridge to the
curbside of Terminal, a section of road that is a ramp to the bridge, and a section of road connecting
the ramp to a toll plaza for automobiles entering the physical system 202 via the road 702. Further,

DT 114 can associate Terminal A with an alternate second route for passengers (e.g., workers;
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people without a boarding pass) seeking to enter a public area in the building, and a different
alternate third route for passengers (e.g., ticketed passengers) seeking to enter a restricted area in
the building. The restricted area includes boarding gates. The restricted area is for people who have
passed through a security screening access point, such as ticketed passengers or flight
crewmembers. For example, the physical system 202 can include an inter-terminal transfer train
rail service that operates stations in the restricted areas of each of the buildings 320. For example,
ticketed passenger scheduled to depart from a boarding location inside Terminal A can take an
alternate third route by passing through a security screening access point into the restricted area of
another building 320 such as Terminal B, then riding and inter-terminal transfer train rail service
to the restricted area of Terminal A.

[0058] Although FIG. 7 illustrates one example of a user interface 700, various changes
may be made to FIG. 7. For example, various components in FIG. 7 may be combined, further
subdivided, replicated, omitted, or rearranged and additional components may be added according
to particular needs. As a particular example, the visual indicators 704 and 706 can have different
colors than described above, can have hash patterns instead of colors, or can blink at different flash
rates.

[0059] FIG. 8 illustrates an example list 800 of user-selectable state alternatives that
the DT 114 displays according to this disclosure. FIG. 9 illustrates a user interface 900 showing a
(actual or predicted) traffic flow of vehicles and pedestrians that the DT 114 generates in response
to a selection of a first state alternative 802 (illustrated as “No new policy — status quo”) from the
list 800 of user-selectable state alternatives in FIG. 8. FIG. 10 illustrates a user interface 1000
showing a predicted traffic flow of vehicles and pedestrians that the DT 114 generates in response
to a selection of the third state alternative 804 (namely, a new policy to “Balance traffic between
terminals”) from the list 800 of user-selectable state alternatives in FIG. 8. FIGS. 8-10 are used to
describe at least three different ways that the DT 114 can be used: (1) to undergo a machine
learning (ML) model training process; (2) to run simulations; and (3) to perform real-time
operational control. For ease of describing FIGS. 8-10, the DT 114 with the traffic optimizer 138a
(FIG. 2) will be referred to as simply DT 114. When the DT 114 undergoes the ML model training
process, the DT 114 learns a historical condition and a historical outcome that resulted from that
historical condition. During the ML training, the DT 114 receives input that is historical data,
referred to as a training condition, so that the DT 114 learns that the training condition is a type of
data to accept as an input condition. Also during ML training, the DT 114 receives a historical
outcome that corresponds to the training condition and learns that the historical outcome is a type
of data to output as a prediction. In this case, the historical outcome can include historical

measurements of traffic flow data (e.g., vehicle speeds, number of vehicles that passed through a
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particular section of road from end-to-end), and the training condition can include a status
information (e.g., OPEN/CLOSED lane, whether the road is in a construction zone, whether
multiple-lane section of road has all lanes open or a number of lanes closed, etc.). A set of pre-
trained conditions includes each training condition that the DT 114 learns through the ML training.
After ML training is completed, the DT 114 can be used to run simulations, wherein the DT 114
receives input data that can be historical data or real-time data, and the DT 114 outputs a prediction
representing a prospective/predicted outcome. The prediction includes predicted traftic flow data,
such as predicted vehicle speeds, predicted values of roadway congestion, etc. Also after ML
training is completed, the DT 114 can be used to perform real-time operational control, such as in
real-time operational scenarios, wherein both the input and output of the DT 114 are real-time data.

[0060] Referring to FIG. 8, the DT 114 can output the list 800 to a display device
connected to the electronic device 100, or a display of a user device 214. The embodiment of the
list 800 shown in FIG. 8 is for illustration only. Other embodiments could be used without
departing from the scope of the present disclosure.

[0061] In the example shown, from among the eight state alternatives in the list, a user
may select at least one state alternative. The first state alternative 802 is a stafus quo state and
without a new policy. When the first state alternative 802 is selected, input and output of the DT
114 are real-time data (or near real-time data). That is, the DT 114 displays a digital representation
of current conditions and current measurements of traffic flow.

[0062] A second state alternative is illustrated as “TNC remote curb for drop off/pick
up.” TNC is an abbreviation for transportation network companies, like Uber™ and Lyft™. When
the second state alternative is selected, the DT 114 can control traffic information signs to display
a message (for example, a predetermined message) instructing TNC drivers that their location for
drop off /pick up is relocated to a specified new destination, namely, the TNC remote curb. When
TNC drivers read the message corresponding to the second state alternative, they redirect away
from an original route that is destined for an original destination (for example, the curbside of
Terminal A that has a vehicle lane closure 814), and redirect toward a new route destined for the
specified new destination (i.e., NTC remote curb).

[0063] The eighth state alternative is illustrated as “Change curbside allocation.” When
the eighth state alternative is selected, the DT 114 can balance traffic by controlling traffic
information signs to display a message instructing automobile drivers to redirect away from an
original destination associated with a vehicle lane closure 814 (or other location that the
policymaker wants vehicles or pedestrians to avoid). For example, if all of the security checkpoint
lanes inside Terminal A building are closed, then the DT 114 can balance pedestrian traffic and

vehicular traffic by controlling traffic information signs and pedestrian information signs to display
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a message instructing passengers (of vehicles and ticketed passengers) to drop off/pick up at
curbside of Terminal C and to pass through the security checkpoint lanes at Terminal C. The DT
114 can be configured with other predetermined messages corresponding to different conditions
that the DT 114 is trained to recognize.

[0064] The third state alternative 804 is to balance traffic between terminal buildings.
To make a selection from the list 800, a user input is received at the user device 214 or to a
peripheral input device (e.g., keyboard or mouse) connected to the electronic device 100. In this
example, the policymaker user has selected the third state alternative 804, which is visually
highlighted (e.g., darkened text) compared to the non-selected items in the list 800. In some
embodiments, the third state alternative 804 causes the DT 114 to simulate the other alternatives
of the list 800, individually or in various combinations. Based on these simulations, the DT 114
can determine which one or combination of the other alternatives most closely satisfies a specified
objective. For example, the DT 114 can be configured with an objective to reduce congestion for
curbside areas, maximize roadway speeds, prioritize clearing congestion for bus routes over other
objectives, or to equalize number of vehicles passing through various sections of the road, or to
equalize number of ticketed passengers passing through each of the security access points within
the second system 204. That is, in some embodiments, the DT 114 can automatically select from
the list 800, and perform operational control based on the selection. For example, to balance traffic
between terminals, the DT 114 can identify that the corresponding objective is to equalize number
of vehicles passing through various sections of the road. To equalize, the DT 114 can control traffic
information signs to display a message instructing automobile drivers to avoid an area associated
with congestion (e.g., telling drivers that the road is closed at the curbside of Terminal A), and
suggesting that the drivers redirect to one or more new destinations. The message can specify the
one or more new destinations based on a measurement of congestion, for example, the message
and tell drivers that the estimated time to arrive at the curbside of Terminal C is 2 minutes. The 2
minutes can be estimated based on an estimated travel time from the physical location of the traffic
information sign to the new destination.

[0065] The fourth state alternative is illustrated as “Taxi and Limo pick up and drop
oft (%).” When the fourth state alternative is selected, the DT 114 can balance traffic by controlling
a traffic information sign that is located along a route designated for taxi and limo drivers, and
displaying a message that informs taxi/limo drivers of a number of taxi cars that are already in a
taxi queue for a particular terminal build, or a current occupancy percentage of lane reserved for a
taxi queue. A taxi driver can read the message corresponding to the fourth state alternative and
choose to enter a taxi queue where the current occupancy percentage is low. That is, the DT 114

can output a message that helps the taxi driver to avoid an area associated with congestion.
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[0066] The fifth state alternative is illustrated as “Schedule of shuttles to/from RCA”
(Rental Car Area). When the fifth state alternative is selected, the DT 114 can balance traffic by
adjusting a number of rental car buses circulating, as shown at FIG. 11D. When the fifth state
alternative is selected, the DT 114 can balance traffic by modifying the routes assigned to rental
car buses, as shown at FIG. 11E. For example, the DT 114 can be preconfigured with multiple
rental car bus routes, and can switch a fleet of buses from a currently assigned route to a newly
selected route. The DT 114 can generate an automated message to multicast the new route
assignment to an output device (that includes a transceiver) mounted to a dashboard inside the bus
dashboard.

[0067] The sixth state alternative is illustrated as “Schedule shuttles from from/to
parking.” When the sixth state alternative is selected, the DT 114 can balance traffic adjusting the
number of shuttles (e.g., shuttle buses) circulating and modifying the routes assigned to the
circulating shuttles, in a similar way as performed when the fifth state alternative is selected.

[0068] The seventh state alternative is illustrated as “Encourage public transportation.”
When the seventh state alternative is selected, the DT 114 can balance traffic by sending a
predetermined message to subscriber devices, such as an SMS message or a notification message
via a mobile application installed on the subscriber devices. The message corresponding to seventh
state alternative can instruct owners of the subscriber devices (e.g., smartphone owned by travelers
or personnel who work inside the physical systems 202, 204, 206) to change their mode of
transportation to public transportation (e.g., light rail). For example, if the toll plaza lanes are all
closed, or if a roadway entrance/exit to the airport is closed, then the DT 114 can push a notification
message to cause the subscriber devices to display the predetermined message informing a
subscribers of the road closure, or an expected delay time associated with the road closure, or a
window of time during which public transportation is encouraged.

[0069] The DT 114 can determine whether to display a list of alternatives, such as the
list 800. That is, the DT 114 displays the list 800 when at least one condition is satistied from a
predefined list of conditions. In this example, each condition included in the predefined list of
conditions defines a condition that impedes a route for passengers seeking to enter a building 320,
such as Terminal A. From the predefined list of conditions, one condition is satisfied when a
multiple-lane section of road necessary for automobiles to access Terminal A is impassible, such
as when each of the multiple lanes (812 and 814) of the section of road concurrently have a vehicle
lane closure. From the predefined list of conditions, another condition is satisfied when a single-
lane section of road necessary for automobiles to access Terminal A is impassible. The predefined
list of conditions is not limited to conditions related to sections of road in the second physical

system 204, and can include a condition defined by at least one access point inside the building, or
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a condition defined by at least one passageway (e.g., security checkpoints, concourse, gate areas)
inside the building. For example, the predefined list of conditions can include a condition that is
satisfied when each of the multiple access points in Terminal A are closed or impassible. The
predefined list of conditions is not limited to conditions related to impassible or closed sections of
the route. The predefined list of conditions can include a condition that is defined by multiple
factors, such as a portion of the route in a congested state, a congestion period of time associated
with the congested state (e.g., duration while the sensors 130a-130b detect congestion), a number
of people expected to pass through the congested portion of the route but for the congestion in
relation to time.

[0070] The DT 114 displays the list 800 in response to receiving data 806 indicating a
vehicle lane closure at a particular section of road, data 808 indicating a high demand for airport
transport, or both 806 and 808. Particularly, the list 800 is displayed if a vehicle lane is closed at a
section of road necessary for automobiles to access a terminal building, and a high volume of
passengers are scheduled to enter/exit the terminal building (i.e., to access boarding gates in the
terminal building) during a time margin 816 that includes times during (and a marginal times
before and after) the vehicle lane closure. The time margin 816 is calculated by the DT 114 based
on the received data 806 and 808. As an example of the data 806, traffic data 612 (FIG. 6) may
include open/close status of the particular section of road, where the data 806 includes the close
statuses. As examples of the data 808, freight routes data 604 (FIG. 6) may include volume or
weight of cargo to be transported by aircraft; and flight schedules data 602 (FIG. 6) may include
number of passengers seats that are sold/available or are occupied/empty, scheduled
takeoft/landing times, and terminal building ID associated each scheduled departure/arrival gate.

[0071] In certain embodiments, the DT 114 can generate and display a user interface
810 showing multiple sections 812 of road necessary for automobiles to access various terminal
buildings. The user interface 810 shows a vehicle lane closure 814 as by highlighting (e.g., red
color, blinking, enlarging) the particular section of road having a closure.

[0072] Referring to FIG. 9, the policymaker user selected the first state alternative 802
(i.e., status quo) from the list 800 of user-selectable state alternatives in FIG. 8. In response to the
selection of the first state alternative 802, the DT 114 displays the user interface 900 showing the
(actual or predicted) traffic flow of vehicles and pedestrians during the time margin 816. In this
the user interface 900, several road sections show are highlighted using a red visual indicator 704r
to indicate an extremely high volume of vehicle traffic, such as in a sixth range of values.

[0073] In training embodiments, the user interface 900 shows actual traffic flow of
vehicles and pedestrians during the time margin 816. For example, (historical or current)

measurements of traftic flow data (from sensors 130a-130b) can be input to a traffic flow optimizer
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138 to train the optimizer 138 to output the user interface 900 as a traffic flow resulting from a
training condition in which a (historical or current) vehicle lane closure 814 on the particular
section of road (which is highlighted in the user interface 810 of FIG. 8) is concurrent with
(historical or current) measurements of high demand (similar to 808).

[0074] In operational embodiments, the user interface 900 shows the predicted traffic
flow of vehicles and pedestrians during the time margin 816. After the DT 114 is trained, the DT
114 can be used in a stress test scenario or used in a real-time operational scenario. When the DT
114 is used in a stress test scenarios, the data 806 includes hypothetical parameters that are input
to the DT 114 as an input condition. The trained DT 114 recognizes the input condition is similar
to (e.g., exhibits a similar pattern as) the training conditions, and generates the predicted traffic
flow based similarities between the input condition and training conditions. For example, the DT
114 may predict a volume of pedestrian traffic in an above average range of values (e.g., sixth
range of values) inside a building in an area near a boarding gate where the flight schedule indicates
a delayed flight associated with the boarding gate.

[0075] In a real-time operational scenario, the data 806 includes traffic flow
information detected in real-time by the sensors 130b that sense the flow of road vehicle traffic,
and the sensors 130a that sense the flow pedestrian traffic in the building. The DT 114 can include
a traffic flow optimizer that generates the predicts the predicted traffic flow based similarities
between the real-time traffic flow information (as input conditions) and training conditions.

[0076] Referring to FIG. 10, the policymaker user selected the third state alternative
804 (i.e., a new policy to “Balance traffic between terminals”) from the list 800 of user-selectable
state alternatives in FIG. 8. In response to the selection of the third state alternative 804, the DT
114 displays the user interface 1000 showing the predicted traffic flow of vehicles and pedestrians
during the time margin 816. Also, the user interface 1000 shows several road sections shown are
highlighted using green visual indicator 704g to indicate low volume of vehicle traffic; fewer of
the road sections are highlighted in yellow or orange visual indicators 704y or 7040; and even
fewer are highlighted with a red visual indicator 704r.

[0077] By balancing traffic between terminal buildings, the DT 114 displays some road
sections that did not have any visual indicators in the status quo user interface 900 (FIG. 9) now
show visual indicators 704 in the new policy user interface 1000 (FIG. 10). By balancing traftic
between terminal buildings, fewer automobiles stand with idling engines along the roads at the
airport, thereby reducing air pollution released to natural systems 510 of the airport.

[0078] Although FIG. 10 illustrates one example predicted traffic flow of vehicles and
pedestrians, various changes may be made to FIG. 10. As a particular example, if another state

alternative is selected from among the list 800 of FIG. 8, other than the third state alternative 804,
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then a DT 114 generates and outputs a user interface showing a different values of traffic flow. As
another particular example, the DT 114 enables the user to zoom in on the user interface to a
granularity such that a visual indicator 704 represents the space that a single automobile occupies
in a lane of the road sections.

[0079] FIG. 11A illustrates a generator function 1102 within the DT 114 for generating
a microscopic simulation 1104 including a predicted traffic flow of vehicles and pedestrians,
according to this disclosure. The microscopic simulation 1104 can be displayed as a user interface,
similar to the user interface 1000 of FIG. 10. Other embodiments could be used without departing
from the scope of the present disclosure.

[0080] The generator function 1102 generates the microscopic simulation 1104 based
on inputs 1106 including number of years for scaling demand 1108 and corresponding daily trip
timeseries 1110, travel mode distribution 1112, and recorded dwell times on curb 1114. For
example, the generator function 1102 converts 1116 the number of years for scaling demand 1108
and corresponding daily trip timeseries 1110 to people information 1118 entering the physical
system (such as the first physical system 202; or building 320 at an airport). The people information
1118 can include a number of passengers, number of ground crew people who are not boarding an
aircraft, and number of air crew people who are boarding an aircraft.

[0081] In certain embodiments, the conversion 1116 is also based in input data, such
as population growth values in a local geographic region that contains trip origin locations of the
people. For example, FIGS. 11B shows an “Origins by Mode Type” user interface, which is
generated by the DT 114, and which shows eight examples of a local geographic region defined
by travel purpose (i.e., business or personal), by mode of transportation to the airport (e.g., dropped
off, parking, taxi, or TNC) which may be included in the travel mode distribution 1112, and by
origin (i.e., trip origin location; hotel; residence; workplace) where the person’s trip to the airport
began.

[0082] Based on the people information 1118, the generator function 1102 assigns
1120 boarding gates by outputting gate assignment information 1122. The gate assignment
information 1122 can be based on a configuration or a user-selection to reduce peak power and
energy consumption in the physical system (for example, in a specific terminal building 420 or a
set of buildings 320). Particularly, to reduce peak power and energy consumption in the physical
system, the generator function 1102 may perform a function to “encourage public transportation”
or “schedule of shuttles,” as shown in the list 800 of FIG. 8. For example, FIGS. 11D-11E shows
that the DT 114 can optimize and modify existing shuttle bus routes to generate a result of 25-50%

energy and emissions reductions.
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[0083] Based on the gate assignment information 1122 and travel mode distribution
1112, the generator function 1102 predicts values 1124-1142 of how many people are likely to
enter the boundary of the airport utilizing taxis, transit, limousine, rental car center, private vehicle,
parking, or TNC, respectively. Further, the generator function 1102 includes a mode to route
algorithm 1144 to generate a predicted route 1146 (including a predicted parking area) according
to the modes of transportation values 1124-1142 for people destined to enter the terminal buildings
corresponding to the gate assignment information 1122. In certain embodiments, a respective
predicted route 1146 is generated for each of the people accounted for in the people information
1118. The microscopic simulation 1104 shows a graphical representation 1146a of a predicted
route 1146 entering and exiting roads accessing terminal building A 1150. The DT 114 sends the
microscopic simulation 1104, output from the generator function 1102, to a display device.

[0084] In certain embodiments, the DT 114 estimates a volume of people expected to
be concurrently present inside a particular area (e.g., security area, gate area) inside a particular
terminal building (e.g., terminal building A 1150). The DT 114 estimates a change in indoor air
temperature inside a particular area based on a level of crowding or the estimated volume of people
expected to be concurrently present inside the particular area. The DT 114 outputs a control signal
to an HVAC controller for modifying a control parameter in order to maintain the indoor air
temperature inside the particular area within a room temperature range. In certain embodiments,
the DT 114 may selectively prioritize energy savings or prioritize maintaining a particular room
temperature setpoint more than the other.

[0085] Although FIG. 11A illustrates one example of a generator function 1102,
various changes may be made to FIG. 11A. For example, various components in FIG. 11A may be
combined, further subdivided, replicated, omitted, or rearranged, and additional components may
be added according to particular needs.

[0086] FIG. 12 illustrates an example of a digital twin-based method 1200 for reducing
peak power and energy consumption in a physical system according to this disclosure. For ease of
explanation, the method 1200 is described as involving the use of the DT 114 of FIG. 1, which
may be used within the system 200 of FIG. 2. However, the method 1200 may involve the use of
any other suitable device in any other suitable system.

[0087] As shown in FIG. 12, at block 1202, the DT 114 receives freight/cargo
movement data. At block 1204, the DT 114 generates a demand forecast based on the received
freight/cargo movement data. At block 1206, the DT 114 generates a microsimulation based on
the demand forecast, which may overlay a street map. At block 1208, the DT 114 generates the
metrics-based analysis results based on the microsimulation. The DT 114 outputs a user interface

showing the metrics-based analysis results that are displayed via a display device. At block 1210,
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a list of policies and future scenarios are output by the DT 114, for example, displayed via a user
interface.

[0088] More particularly at block 1202, the freight/cargo movement data 1212 can
include freight routes data 604 and fleet analytics data 606. The freight/cargo movement data 1212
can be received from service-providing servers 210, such as from third party cargo carrier
companies (e.g., UPS™), transportation analytics companies (e.g., INRIX™), airline companies
(e.g., American Airlines™), or navigation companies (e.g., TomTom™).

[0089] More particularly at block 1204, the demand forecast 1214 generated by the DT
114 includes a predicted number of vehicles and a corresponding time of day at which the vehicles
are expected to be in the physical system. Each predicted number of vehicles is based on a range
of normality, a periodicity of time (such as a time of day/week/year), and the freight/cargo
movement data 1212. The DT 114 obtains the range of normality (e.g., minimum, maximum, and
average) for periodic measurements of a number of vehicles. For example, the range of normality
may be based on historical measurements captured every 30 minute period per day over a span of
10 years. The user interface 1216 includes a shaded area representing the range of normality, which
is labeled as “90% Cl,” indicating that 90% of the historical measurements are included in the
range of normality and that the remaining 10% are outliers. The user interface 1216 includes a
curve showing the actual value of the number of vehicles. The user interface 1216 includes a plot
point representing each predicted value. Another area of the user interface 1216 shows a bell curve
overlapping a bar graph, which represents the number of vehicles versus residuals.

[0090] More particularly at block 1206, the microsimulation simulates
microsimulation data 1220 and may overly a street map 1218 of a local region (e.g., 10 mile radius
around the airport) surrounding the physical system. The microsimulation data 1220 includes
routes of freight/cargo vehicles, for example, a route per freight/cargo vehicle that is predicted to
traverse within the physical system (e.g., airport). The microsimulation data 1220 includes a fuel
efficiency per freight/cargo vehicle, which may account for volume/weight of cargo being
transported. Per pairing of a freight/cargo vehicle and its route, the microsimulation data 1220
includes a corresponding emissions value due to cargo being transported along the routes, and a
corresponding fuel consumption value.

[0091] More particularly at block 1208, based on the microsimulation data 1220, the
DT 114 calculates costs 1222 (for example, investments), which may pay for the fuel consumption
values, or air pollution equipment, or road maintenance/repair/upgrades. Also, based on the
microsimulation data 1220, the DT 114 calculates impacts 1224 such as pollution values (for

example, arrow 502 of FIG. 5). Further at block 1208, the metrics-based analysis results 1226 are
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generated based on the microsimulation data 1220, the impacts 1224, and a selected policy from
among the list 1228 of policies and future scenarios.

[0092] More particularly at block 1210, an example list 1228 of user-selectable policies
and future scenarios is displayed to a policymaker user. The list 1228 may be displayed and may
receive user-input in a similar manner as the example list 800 of FIG. 8. When a first policy 1230a
(illustrated as “No new policy — sfatus quo™) is selected, the DT 114 generates metrics-based
analysis results 1226 corresponding to current conditions. When any from among the second
through fifth policies 1232-1236 is selected, the DT 114 detects a policy change and generates
metrics-based analysis results 1226 corresponding to the selected policy, which may include
repeating the functions at blocks 1206-1208 according to the detected policy change. For ease of
description, it is assumed that the policymaker user selects the second policy 1232 (illustrated as
“Relocation of freight facility”).

[0093] The DT 114 outputs the metrics-based analysis results 1226 as a user interface,
which shows a fuel usage comparison graph, namely, a relationship between gallons of fuel (y-
axis) versus each minute (x-axis) of a single day. In the user interface, a Peak Terminal hour 1238
(for example, 6:30-7:30 am) is shown in a shaded area; gallons saved 1240 by the selected policy
1232 are shown in a first color (green) as negative values; and gallons lost 1242 by the selected
policy 1232 are shown in a second color (red) as positive values. For each policy in the list 1228
of policies and future scenarios, the DT 114 estimates a corresponding the metrics-based analysis
results 1226 (e.g., Fuel Usage and Emissions due to Freight).

[0094] Although FIG. 12 illustrates one example of a method 1200 for reducing peak
power and energy consumption in a physical system, various changes may be made to FIG. 4. For
example, while shown as a series of steps, various steps in FIG. 4 may overlap, occur in parallel,
occur in a different order, or occur any number of times. As a particular example, the functions at
blocks 1208 and 1210 may generally operate in parallel, and their associated steps may therefore
be performed in parallel.

[0095] FIGS. 13A-13C (together FIG. 13) illustrate an example of a digital twin-based
method 1300 for predicting a delayed departure of a transport vehicle based on traffic flow
information in a physical system according to this disclosure. In FIG. 13A, the method 1300
includes analyzing information related to the first system 202 to predict the likelihood of a
departure gate delay. In FIG. 13B, the method 1300 includes analyzing information related to the
second system 204 to predict the likelihood of a departure gate delay. In FIG. 13C, the method
1300 includes determining whether to reassign gates based on an ON-TIME/DELAY decision for
a departure gate. The embodiment of the method 1300 shown in FIG. 13 is for illustration only,

and other embodiments could be used without departing from the scope of this disclosure. The
22



10

15

20

25

30

35

WO 2024/059225 PCT/US2023/032785

method 1300 is implemented by an electronic device that includes at least one processor, such as
the electronic device 100 with the processing device 102 executing the DTs 114 of FIG. 1, or the
system 200 of FIG. 2. For ease of explanation, the method 1300 is described as being performed
by the system 200 with processing devices executing the DTs 114a-114¢ of FIG. 2. In the
description of FIG. 13, boarding time refers to an end of the scheduled boarding period.

[0096] It may be uneconomical for a carrier to operate a flight that has a load factor
that is too low, which means that too many seats are empty or too much cargo space is empty.
Sometimes, an airline company will decide to delay a flight in order to increase the load factor.
For example, a decision to delay a flight can mean waiting to board late ticketed passengers who
arrive after a boarding time. For example, an aircraft has a total of T seats including U unsold seats
and S sold seats, the expected load factor is defined as S/7. The airline company knows that
sometimes, the flight must leave on-time even though some of the sold seats remain empty (e.g.,
due to passenger illness or passenger tardiness) at boarding time. An on-time load factor is defined
as K/T, where the aircraft will depart on-time if K passengers board the aircraft at or prior to the
boarding time, and K is defined a K=S-Tr, where Tr denotes an acceptable loss threshold number
of empty seats that satisfies the an on-time load factor condition. The system 200 assumes that an
aircraft will depart on-time if the on-time load factor condition is satisfied. The method 1300
enables the system 200 to predict a delayed departure of an aircraft if the number of late passengers
(L) exceeds the loss threshold TL at the boarding time, and generates an increased likelihood that
the airline company will decide to delay the flight. The decision for a delayed departure can cause
the aircraft to burn jet fuel while parked and idling at the gate longer than originally scheduled,
which means an increase of pollution inside the third physical area 206. a delayed departure of an
aircraft based on a number (L) of late passengers exceeding. If prior to boarding time, the airline
company receives and relies on likelihood information from the system 200 indicating there is a
high likelihood that . passengers will be late, then the airline company can decide to convert
stand-by passengers into on-time passengers in order to satisfy the on-time load factor, for
example, by providing boarding passes to the stand-by passengers physically located at the
boarding location. That is, the likelihood information and prediction generated a part of the method
1300 can reduce pollution, increase on-time departures that improve traveler experiences, and
reduce gate reassignments.

[0097] Referring to FIG. 13A, the system 200 receives at least one flight schedule
1302. Each of the multiple airline companies that utilize the third physical system 206 can own
one or more service-providing servers 210a (for simplicity, referred to as airline 210a) used to
generate and transmit the flight schedule 1302 to the system 200 via a network connection 208.

The system 200 is communicably coupled with the airline 210a via network connection 208a. For
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ease of explanation, the flight schedule 1302 represents flights schedules received from the
multiple airlines. The flight schedule 1302 can include flight specific information, and aircraft
specific information and an airline ID indicating a source of the flight schedule. The aircraft
specific information can specify a total number of passenger seats and a total cargo space. The
flight schedule 1302 can include date of flight, flight ID (flight number), a timetable of scheduled
departure times and arrival times, boarding time, departure airport, destination airport, etc.

[0098] At block 1304, the system 200 assigns boarding gates to each flight in the flight
schedule 1302, and transmits the gate assignment information 1306 to the airline 210a. In some
embodiments, the system 200 uses the generator function 1102 of FIG. 11A to generate the gate
assignments 1306 based on the flight schedule 1302 received.

[0099] The airline sells inventory, including seats and cargo space, to their customers.
A person who bought a ticket from the airline is referred to as a ticketed passenger for the particular
flight ID linked to the ticket. The ticket reserves a seat and can reserve some amount of cargo space
on the aircraft linked to the flight ID. The airline 210a includes a software application that enables
ticketed passengers to check-in for a flight by using a user device UE1 approximately 24 hours
before the scheduled departure time of the flight. In general, the ticketed passenger is not located
in any of the physical systems 202, 242, 206 while checking in, but instead is located at home or
at work. At block 1308, the airline 210a provides a boarding pass to the ticketed passenger in
response to the check-in, for example, an electronic boarding pass sent to a mobile app on the UE1.

[0100] A security screening entity operates at least one security screening access point
(AP) inside each of the terminal buildings 320, and can operate multiple security screening APs in
per building 320. In general, the security screening entity is not owned by and is not controlled by
the owner of the system 200. At the location of each security screening AP, the security screening
entity conducts a primary security screening, followed by a secondary security screening. At block
1310, the security screening entity conducts the primary security screening by using a scanner
device that scans a boarding pass or a photo ID of a person. The security screening entity can
operate multiple scanner devices at the same primary security screening location. In the database
132, the location of each security screening AP can be linked to an ID of the security screening AP
and linked an ID of the scanner device. To distinguish multiple access points from each other that
are in the same building, the location of each security screening AP can specify the building and a
specific area inside of the building (for example, Northside of Terminal A or Southside of Terminal
A).

[0101] After the photo ID has been scanned by the scanner device, the security
screening AP includes one or multiple lanes that ticketed passengers pass through for undergoing

the secondary security screening (e.g., screening of carry-on bags). The location at which the
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scanner device scans the photo ID can be referred to as the entrance to the secondary security
screening lanes. The location at which the secondary security screening is completed is referred to
as the exit of the secondary security screening lanes or the exit of security screening AP. The
security screening entity owns one or more service-providing servers 210b (for simplicity, referred
to as security AP 210b) that tracks information 1312 including the location of and ID of each
security screening AP, and the corresponding number of secondary security screening lanes that
are OPEN and a number of lanes that are CLOSED at each security screening AP. The system 200
receives the information 1312 from the security AP 210b via a network connection 208b.

[0102] At block 1314, the system 200 adjusts a travel time from a primary security
screening location of a particular security screening AP to a particular boarding location (e.g.,
boarding gate) inside the first physical system 202, based on the information 1312. For example,
the database 132 stores a travel time from the security scanner device located at the Southside of
Terminal A to each boarding gate inside the Terminal A building, respectively. Analogously, for
each boarding gate inside the Terminal A building, the database 132 stores another travel time
from the security scanner device located at the Northside of Terminal A. In some embodiments,
the adjustment to travel time is obtained from a lookup table (LUT). In this example, the LUT is
part of the DT 114, but in other embodiments, the LUT can be stored in the database 132. The
database 132 can store an average walk time from the exit of the secondary security screening
lanes of a particular security screening AP to a particular boarding location, which can be values
that do not vary based on the number of lanes that are open at a security screening AP. The LUT
can include the number of secondary security screening lanes that are open at a particular security
AP, and a relationship to a secondary screening time it takes for a person to pass through those
open lanes (i.e., extending from the scanner device to the exit of the secondary security screening
lanes). In this LUT, an increase in the number of lanes OPEN is directly related to a decrease in
the secondary screening time it takes a person to pass through the secondary screening lanes. That
is, to adjust the travel time, the system 200 obtains the average walk time in the database 132 and
combines it with the secondary screening time obtained from the LUT. In other embodiments, the
travel time from the security AP scanner device to a particular boarding location is expressed as a
function that varies according to the number of lanes that are OPEN at the security screening AP
located at the Northside and the Southside, respectively. In this function, an increase in the number
of open lanes is related to a decrease in the travel time from security check to each of the boarding
gates, respectively, and a decrease in the number of open lanes is related to an increase in the travel
times.

[0103] At block 1316, the system 200 determines a likelihood that passengers will be

late to their boarding locations, based on information 1312 including the number of secondary
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security lanes that are OPEN. More particularly, the system 200 can estimate a number (L) of
ticketed passengers who are likely to reach their boarding locations too late, namely, after the
boarding time. The system 200 can transmit likelihood information 1318 including L as the
estimated number of late passengers to the airline 201a. For example, the security screening APs
in the Terminal A building are closed, and if the gate assignment 1306 remains unchanged, then it
is likely that a majority of the ticketed passengers seeking to access a boarding gate inside Terminal
A enter Terminal A before realizing that a detour to a different building (e.g., Terminal C) is
necessary to find a security screening AP that is open. Similarly, if the number of secondary
security lanes that are OPEN is too low for a terminal building 320, then an increased number of
passengers will reach their boarding locations too late.

[0104] At block 1320, the security AP 210b receives passenger ID information
associated with the photo ID card that the security scanner device scanned. For example, the
passenger ID information includes the full name of the passenger, data of birth, and sex. The
security AP 210 includes a secure flight database in which carrier-provided passenger ID
information is linked flight details for ticketed travel that day (e.g., in the next 24 hours). The
security AP 210 determines whether the passenger ID information received from the security
scanner device corresponds to (e.g., matches) passenger ID information stored in the secure fight
database, and if so, transmits a passenger arrival indication 1322 to the system 200. For simplicity,
the passenger arrival indication 1322 is referred to as match indication 1322. The match indication
1322 can include a flight ID and a number of passengers (e.g., number of boarding passes) that
correspond to the passenger ID information. For example, secure flight database can link the
passenger ID information of an adult to flight details for children who are accompanied by that
adult. In this embodiment, the system 200 avoids receiving the passenger ID information, as the
match indication 1322 does not include passenger ID information. Similarly, the airline 210a and
the security 201b are able to update the secure flight database without sending the passenger ID
information to the system 200. In some embodiments, the system 200 receives a match indication
1322 each time that the scanning of a photo ID card (or boarding pass) by a security scanner device
causes the security AP 210b to determine that a corresponding passenger ID information is stored
in the secure fight database.

[0105] At block 1324, the system 200 determines or otherwise ascertains that the
number of passengers corresponding to the match indication 1322 have the same physical location
as the security scanner device at block 1310. Based on the flight ID corresponding to the match
indication 1322, the system 200 identifies a corresponding boarding location based on the gate
assignment 1306 and identifies a corresponding boarding time based on the flight schedule 1302.

Based on the identified boarding location, the system 200 identifies a corresponding concourse-
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walk time that was determined at block 1314, and computes an estimated time of arrival (ETA)
based on the current time added to the corresponding concourse-walk time.

[0106] At block 1326, the system 200 increments a count of N on-time passengers for
the flight ID corresponding to the match indication 1322, based on a determination that the ETA
computed at block 1324 is equal to or prior to the boarding time that corresponds to the match
indication 1322. On the other hand, if the ETA is after the boarding time, then the system 200
updates the estimate of L late passengers to include the number of passengers corresponding to the
match indication 1322. That is, when a person undergoes the primary security screening, the
system 200 transmits likelihood information 1328 to the airline 210a notifying that the flight ID
corresponding to the match indication 1322 is likely to have N on-time passengers and I late
passengers.

[0107] In some embodiments, as shown at block 1330, the system 200 can determine
that the physical location of a ticketed passenger is at the location of a self-service kiosk inside the
building. Inside a terminal building, the airline 210a can include a kiosk that enables a ticketed
passenger to check-in for a flight by using a photo ID scanner or inputting a ticket ID (e.g., carrier-
provided confirmation number), as shown at block 1332. The kiosk includes a computer screen, a
photo ID scanner, payment card reader, and a printer. In response to completing the check-in at
the kiosk, the airline 210a can send a passenger arrival indication 1334, including the location of
the kiosk and the flight ID corresponding to the ticket ID, to the system 200.

[0108] The database 132 tracks the number of minutes before boarding time of a flight
that a kiosk-based passenger arrival indication 1334 is received from the airline 210a or that an
AP-based passenger arrival indication 1322 is received from the security 210b, which enables the
second DT 114b to generate a passenger arrival forecast 1336. From a sampling of flight IDs over
a historical period, a graph can be produced from the database 132 such that the x-axis includes
each minute within the 24 hours prior to boarding time, and the y-axis includes an amount of
ticketed passengers for the particular flight ID. The y-axis can represent a fraction of sold seats, a
fraction of total seats on the aircraft, a fraction of total match indications 1334 received for a
particular departure flight. A statistical analysis can be performed on this graph to obtain one or
more trend functions, which can be the passenger arrival forecast 1336. The trend function
provides a ratio of ticketed passenger who arrive a given number of minutes before/after the
corresponding boarding time. The passenger arrival forecast 1336 can be generally applicable for
any of the flights that depart from third physical system 206, or different passenger arrival forecasts
can be generated based on similarities of the samplings and applicable to a subset of flights having
the similarities. After block 1330, the system 200 can use the second DT 114b to generate

likelihood information (similar to the likelihood information 1318) by estimating L late ticketed
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passengers who are likely to reach their boarding locations too late, based on the passenger arrival
indication 1334 received from the airline 210a and the passenger arrival forecast 1336 applied.
Such likelihood information can be generated with or without the match indication 1322.

[0109] To estimate L, the system 200 can receive an estimated wait time for a queue
that ends at the primary security screening location of a particular security AP located inside the
first physical system 202. For example, the estimated wait time can be determined by the DT 114a
based on data received from camera sensors 130a or [oT devices 136a that monitor the queue, or
received from a third-party server 210 that generates the estimated wait time based on crowd-
sourced data. For example, L late ticketed passengers may increase if the estimated wait times for
each of the multiple security APs inside the building are too long, or if too few security check lanes
are open. Based on the time at which the passenger arrival indication is generated by the airline
210a and the forecasted passenger arrival schedule, the system 200 can use the second DT 114b to
determine a likelihood that L ticketed passengers will to reach their boarding locations after the
boarding time for the flight ID corresponding to the ticket ID.

[0110] Also, the system 200 can compute an estimated time of arrival (ETA) based on
the current time, the estimated wait time for the queue that ends at the primary security screening
location of a particular security AP, and a concourse-walk time from the particular security AP to
the boarding location corresponding to the ticket ID. However, when both passenger arrival
indications (i.e., kiosk-based and AP based) are received, the system 200 can generate a likelihood
information 1328 that is more accurate. In some embodiments, the system 200 increments the
count of N on-time passengers for the flight ID corresponding to the kiosk-based passenger arrival
indication 1334, based on a determination that the ETA (i.e., computed at least partially based on
the estimated wait time for the queue that ends at the primary security screening location) is equal
to or prior to the boarding time for that flight ID.

[0111] The method 1300 continues to FIG. 13B, wherein the system 200 analyzes
information related to the second system 204 to predict the likelihood of a departure gate delay.
By way of comparison to FIG. 13 A, the system 200 establishes a network connection 208c to one
or more service-providing servers 210c and is thereby able to receive road condition information
about regional roads that are external to the second system 204. Road condition (e.g., under
construction, road closure, impassibly congested) of regional roads effect on the rates of road
vehicles that are able to enter and exit the road (e.g., road 702 of FIG. 7) in the second system 204.

[0112] The system 200 receives roadway traffic flow information 1340 from sensors
130b associated with the sections of road in the second system 204. At block 1342, the system
obtains a prediction that the number of automobiles entering or exiting the second system 204 (e.g.,

toll plaza throughput) will change (e.g., drop). To obtain this prediction, the second DT 114b
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system 200 can be trained to recognize certain conditions that previously caused a noteworthy
change to the number of automobiles that are able to enter or exit the second system 204. For
example, the second DT 114b can recognize that such a condition is satisfied if a regional interstate
road that feeds into the second physical system 204 includes a road closure condition associated
with a section of road within a specified distance from the boundary (e.g., boundary 310 of FIG.
3). To recognize such conditions, the second DT 114b can access a LUT that lists highways or
interstates that normally feed a large amount of road vehicles into the second system 204. Also,
the second DT 114b can access a LUT that lists expected toll plaza throughput and a corresponding
traffic speed or other traffic measurements expected from the sensors 130b.

[0113] At block 1344, traffic counter sensors 130b measure and transmit traffic flow
information to the system 200 (for example, to the second DT 114b), including measurements of
the actual toll plaza throughput or speed as a function of time. At block 1346, traffic camera sensors
130b detects and transmits traffic flow information to the system 200 (for example, to the second
DT 114b), including a count of vehicles taking a route into and a route out of each roadway to each
terminal building.

[0114] At block 1348, the system 200 uses the second DT 114b to adjust a travel time
of a route from an entrance of the physical system 204 to a curbside of a building, for example,
from a toll plaza (displayed in FIG. 7 as toll plaza 708) entrance to curbside of the Terminal A
building. The procedure performed at block 1348 is analogous to the procedure performed at block
1314 of FIG. 13A. The database 132 stores drive time associated with a predefined route from a
particular entrance of the physical system 204 (e.g., a particular toll plaza) to a curbside of a
particular building, which can be values that vary based on the number of lanes or sections of road
that are open between these two locations, and based on the speed of travel via these lanes or
sections of road included in the predefined route.

[0115] At block 1350, the system 200 determines a likelihood that N timely passengers
will arrive timely at their boarding locations on time, respectively. The system 200 can also
determine a likelihood that /. late passengers will arrive at the boarding location after the boarding
time. The system 200 transmits likelihood information 1352 to the airline 210a, including the
likelihood of N timely passengers and likelihood L late passengers.

[0116] At block 1354, the system 200 predicts a likelihood that a flight ID will be
delayed, based on the likelihood information 1352. To make this determination, the system 200
obtains parameters 1358 for the on-time load factor (e.g., a threshold minimum passenger load
factor) and for K (e.g., a threshold minimum number of non-empty seats). Particularly, if N timely
passengers (obtained from likelihood information 1352) is greater than or equal to the threshold

value K, then the on-time load factor is satistied, and the system 200 predicts that the flight ID will
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depart on-time. If L late passengers (obtained from likelihood information 1352) exceeds the loss
threshold 77, then the on-time load factor is not satisfied, and the system 200 predicts that the flight
ID will have a delayed departure. To help the airline company maintain a flight ID in the on-time
status, the system 200 transmits a recommendation 1356 to the airline 210a, based on whether the
on-time load factor is satisfied. If the on-time load factor is not satisfied, sends the recommendation
1356 including a message notifying that the on-time load factor will not be satisfied at the boarding
time, and recommending that standby travelers be converted to ticketed passengers in order fill the
seats currently reserved for the L late passengers. The recommendation 1356 can be displayed at
a computer screen associated with an employee of the airline company authorized to make a
decision to delay a flight versus to depart on-time while the on-time load factor is not satisfied.
The airline company can read the recommendation 1356 received by the airline 210a and begin
allowing standby travelers to fill the L seats prior to the boarding time, and thereby increase the
actual load factor. If at least L standby travelers fill the seats reserved for the L late passengers,
then the on-time load factor can be met and the flight ID can have an on-time departure from the
boarding gate.

[0117] In some embodiments, if the on-time load factor is not satisfied, then the system
200 can obtain the ETA corresponding to each of the L late passengers who are associated with an
arrival indication 1334, 1322. The system 200 can generate a message notifying that if the flight
is delayed by a specified number of minutes (defined according to the obtained ETAs), then a
specified portion of the L late passengers will be able to reach the boarding location and board the
aircraft within the specified number of minutes. For example, the recommendation 1356 can say
“If this flight is delayed by 10 minutes, then 5 out the 7 late passengers will be able to board,”
wherein the ETA for 5 late passengers is 10 minutes or less, but the ETA for 2 late passengers is
the greatest ETA among the L=7 late passengers. If the on-time load factor is satisfied prior to the
scheduled boarding time, then the recommendation 1356 includes a message recommending on-
time departure.

[0118] Referring to Fig. 13C, the method 1300 continues. At block 1360, the airline
company notifies Air Traffic Control (ATC) via a communication to 210d of a decision whether a
gate departure for particular flight ID will have an on-time status or a delay status. In some
scenarios, the airline company is not required to notify the airport of this decision for delay status,
but is required to notify the ATC. For example, the airline 210a sends a decision notification 1362
including the delay status for the flight ID to a server system 210d (hereafter ATC 210d) associated
with the Air Traffic Control.

[0119] According to embodiments of this disclosure, the system 200 establishes a

network connection 208d with the ATC 210d. At block 1364, ATC 210d transmits, to the system
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200 via the network connection 208d, a forwarded decision notification 1366 that corresponds to
the decision notification 1362. More particularly, by receiving the forwarded decision notification
1366, the system 200 is able to identify that the decision notification 1362 included the decision
for a delay status decision for the particular flight ID. If the ATC does not send the forwarded
decision notification 1366, then a latency occurs until the system 200 receives information from a
third-party service 210c indicating the delay status decision for the particular flight ID. Such
latency could have a negative effect on operations of another airline company if the particular
flight ID corresponds to a shared gate. If the system 200 receives the forwarded decision
notification 1366 contemporaneously relative to when the airline 210 transmitted the original
decision notification 1362, then without latency, the system 200 is able to reassign gates based on
the delay at the shared gate, and transmit a new gate assignment to other airlines affected by the
delay.

[0120] At block 1368, the system 200 identifies whether the decision to delay gate
departure for the particular flight ID corresponds to a shared gate. For example, exclusive boarding
gates are subject to a lease agreement in which a single airline company obtains exclusive rights
to use the gate, but shared boarding gates are subject to one or more lease agreements in which
multiple airline companies share rights to use the gate. An airline company’s decision to delay a
flight corresponding to an exclusive gate can trigger the airline company to perform gate
reassignment. However, airline company’s decision to delay a flight corresponding to a shared
gate can trigger the system 200 to perform gate reassignment. The database 132 stores a list of all
boarding gates in the first system 202, and a list of tenants per boarding gate.

[0121] Atblock 1370, the system 200 accesses the current gate assignment schedule to
determine whether to perform gate reassignment. If the delay decision for the particular flight
negatively affects a cotenant of the shared gate, then the system 200 performs gate reassignment
and transmits the updated gate assignment 1372 to the airline 210a. If the delay decision
corresponds to an exclusive gate, then the system 200 can send an acknowledgement 1374 of the
delay decision to the airline 210a.

[0122] Although FIG. 13 illustrates an example digital twin-based method 1300 for
predicting a delayed departure of a transport vehicle based on traffic flow information in a physical
system various changes may be made to FIG. 13. For example, while shown as a series of steps,
various steps in FIG. 13 could overlap, occur in parallel, occur in a different order, or occur any
number of times.

[0123] FIG. 14 illustrates an example digital twin-based method for predicting traffic
flow information based on a selected alternative for redirection of the traftic flow in a physical

system, according to embodiments of this disclosure. The embodiment of the method 1400 shown
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in FIG. 14 is for illustration only, and other embodiments could be used without departing from
the scope of this disclosure. The method 1400 is implemented by an electronic device that includes
at least one processor, such as the electronic device 100 with the processing device 102 executing
the DTs 114 of FIG. 1, or the system 200 of FIG. 2. For ease of explanation, the method 1400 is
described as being performed by the electronic device 100 with processing device 102 executing
the DTs 114a-114c¢ of FIG. 2.

[0124] At block 1410, the processing device 102 identifies a route for passengers
seeking to enter a building. In some embodiments, the entire route is included with the first system
202 and the second system 204. The route includes at least one section of road for automobiles to
access a building, or at least one access point inside the building for pedestrians to pass through.
For example, as shown in FIG. 8, the route can include a multiple-lane section (812 and 814) of
road for automobiles to access Terminal A building. The least one access point of the route can
include a security access point inside Terminal A building, which includes the secondary security
screening lanes that ticketed passengers pass though from a public area to a restricted area.

[0125] At block 1420, the processing device 102 receives traffic flow information
corresponding to the route. At block 1422, the processing device 102 receives the traffic flow
information corresponding to the route by receiving current traffic flow information from sensors
130b that detect phenomena on the route. For example, as described with FIG. 9, block 1422
represents an operational embodiment of the second DT 114b, and block 1424 represents a training
embodiment of the second DT 114b. Block 1424, the processing device 102 receives the traffic
flow information corresponding to the route by receiving historical traffic flow information from
a database 132. The historical traffic flow information can be an input condition that is input to a
traffic flow optimizer 138 to train the optimizer 138.

[0126] At block 1430, the processing device 102 determines whether the received
traffic flow information corresponds to a condition that impedes the route. The second DT 114b
includes a set of pre-trained conditions (e.g., a list of known conditions) that impedes the route,
such as impeding the at least one section of road for automobiles to access the building. The first
DT 114a includes a set of pre-trained conditions that impedes the route, such as impeding the at
least one access point inside the building for pedestrians to pass through. The DTs 114a-114¢ are
trained to analyze the traffic flow information received, to recognize patterns corresponding to any
of the set of pre-trained conditions known to impede the route. For example, the lane closure shown
at 812 of FIG. 8 is a condition that impedes the route to Terminal A, and the second DT 114b is
trained to recognize lane closures as condition that impedes a section of road, from among the set
of pre-trained conditions. According to this disclosure, the list of conditions is known by the DTs

114 due to training conditions used to train the DTs 114, but are not generally known. From among
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the set of pre-trained conditions, a closed security access point is a condition that impedes the route
for passengers who not only seek to enter the building, but also seek to pass through the access
point to walk to a boarding location inside the building. A security incident, such as an active
shooter situation, is another condition that the DTs 114 are trained to recognize as impeding the
route, from among the set of pre-trained conditions.

[0127] At block 1440, the processing device 102 identifies and controls a display to
display a list of user-selectable state alternatives related to the condition that impedes the route,
based on a determination that the received traffic flow information corresponds to the condition.
In some embodiments, a first state alternative corresponds to a status quo, from among the list of
user-selectable state alternatives.

[0128] At block 1450, the processing device 102 receives a selection, from among the
list of user-selectable state alternatives, of a selected state alternative. For example, the selection
can be obtained from user input to the list 800 of FIG. 8, or the list 1228 of FIG. 12.

[0129] At block 1460, the processing device 102 obtains a predicted traffic flow
corresponding to the route, based on the selected state alternative. In some embodiments as shown
at block 1462, the processing device 102 obtains the predicted traffic flow by: transmitting the
selected state alternative to a traffic flow optimizer 138; and receiving the predicted traffic flow
from the traffic flow optimizer 138, in response to the selected state alternative transmitted.

[0130] As shown at block 1464, in a case when the selected state alternative is the first
state alternative that corresponds to the status quo, the processing device obtains the predicted
traffic flow by using the received traffic flow information as the predicted traffic flow. In other
words, when the selected state alternative is the first state alternative, the predicted traffic flow is
the same as the actual traffic flow of the route, and is not different from current traffic flow
information received from sensors 130b that detect phenomena on the route.

[0131] At block 1466, the electronic device 100 enables a policymaker to take action
to attempt to mimic the predicted traftic flow. More particularly, the processing system 102 is
further configured to control an output device (or multiple output devices) located along the route
(e.g., installed at sections of road in the second system 204 and installed inside the building) to
display a predetermined message corresponding to the selected state alternative. In this disclosure,
the term “output device” is used for simplicity of description, but examples of such output device
includes: a traffic information sign to direct vehicular traffic, or a passenger information sign to
direct pedestrian traffic. The predetermined message is associated with at least one of: the
condition that impedes the route; or a change of mode of transportation. For example, if the selected
state alternative is the third alternative (“Balance traffic between terminals”) as shown in the list

800 of FIG. 8, and if a policymaker user selects (e.g., inputs a command) to mimic predicted traffic
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flow, then a predetermined message can say “Terminal A curbside Lane Closed,” which message
is associated with the condition. That predetermined message can further say “Terminal A
Passengers drop off at any other Terminal. Ride Inter-Terminal rail to Terminal A. Security wait
time is 3 minutes at Terminal E and 10 minutes at Terminal C,” which message is associated with
a change of mode of transportation (e.g., changed to add rail). Passengers in automobiles seeking
to access Terminal A can choose to instead drop off at a curbside of a different building (Terminal
B, C, D, or E), so that ticketed passengers can pass through a security access point in the different
building, and then ride the rail to the boarding gate in Terminal A. Passengers in automobiles
seeking to access Terminal A can still choose to join the congestion caused by the vehicle lane
closure 814 and still drop off using the other lane (812) remaining open at a curbside of Terminal
A

[0132] At block 1470, the processing device 102 controls a display to display a user
interface that includes the route and visual indicators representing the predicted traffic flow based
on the selected state alternative. For example, in response to the first state alternative (e.g., stafus
quo) being selected, the electronic device displays a user interface that includes the route and visual
indicators representing the traffic flow information corresponding to the route.

[0133] At block 1480, the processing device 102 determines N as a number of on-time
ticketed passengers, based on at least one passenger arrival indication 1322, 1334 and a travel time
through the at least one access point (e.g., secondary security screening lane) of the route. For
example, as shown at block 1314 of FIG. 13A, the secondary screening time is an example of the
travel time through the at least one access point of the route, which can be obtained from a LUT.

[0134] To determine N, the processing device 102 receives at least one passenger
arrival indication 1322, 1334. The at least one passenger arrival indication is received from an
external device, such as the security scanner device associated with block 1310, or the kiosk
associated with block 1332 of FIG. 13A) that is located at the building. Each passenger arrival
indication 1322, 1334 indicates that the passengers seeking to enter the building includes a
passenger who has arrived at the building and who is ticketed for a transport vehicle (e.g., aircraft)
scheduled to depart from the building (e.g., Terminal A). A passenger who is ticketed is distinct
from a passenger of an automobile, and from crewmember who works on the transport vehicle.

[0135] To determine N, the processing device 102 computes an ETA to a boarding
location (e.g., boarding gate associated with the passenger arrival indicator received) from the
location of the external device (e.g., kiosk or security scanner device) that sent the passenger arrival
indicator. The ETA is an estimated travel time from a location of the external device through the
at least one access point of the route to a boarding location inside the building for the transport

vehicle.
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[0136] The processing device 102 increments a count of N on-time passengers for the
transport vehicle, based on the passenger arrival indicator received and the computed ETA. For
example, as shown at block 1326 of FIG. 13a, processing device 102 increments N if the computed
ETA is equal to or prior to the boarding time for that flight ID.

[0137] At block 1490, in order to predict whether the transport vehicle will have the
delayed departure, the processing device 102 determines an on-time load factor (K/T)
corresponding to an on-time departure of the transport vehicle. In some embodiments, the on-time
load factor (K/T) can be parameter 1358 including a predetermined value in a range, such as a
range of 65% to 85%, inclusively. In another embodiment, as shown at block 1354 of FIG. 13B,
the on-time load factor for a particular flight ID can be provided to the system 200 by the airline
210a. Once the on-time load factor is determined (or received), the processing device 102 converts
the on-time load factor to K passenger seats of the transport vehicle. For example, the database 132
stores aircraft specific information (including the 7 total number of seats) for each flight ID.

[0138] Atblock 1490, the processing device 102 predicts that the transport vehicle will
have a delayed departure, based on a likelihood that the K passenger seats corresponding to the on-
time departure of the transport vehicle will be greater than the count of N on-time passengers at a
boarding time. In other words, at a current time, the processing device 102 determines a likelihood
that N<K will be the situation at the boarding time for the flight ID that corresponds to the
passenger arrival indicator received. In certain embodiments, the processing device 102 sends a
recommendation message 1356 (FIG. 13B) to the airline 210a, based on whether on-time load
factor (K/T) is satisfied. For example, if the on-time load factor is not satisfied, the processing
device 102 sends a recommendation message 1356 notifying that standby passengers should be
allowed to fill seats currently reserved for the L late passengers who have an ETA beyond the
boarding time. The content of the recommendation message 1356 can be based on the ETA
associated with each of the L late passengers, respectively.

[0139] Although FIG. 14 illustrates an example method 1400 for predicting traffic flow
information based on a selected alternative for redirection of the traffic flow in a physical system,
various changes may be made to FIG. 14. For example, while shown as a series of steps, various
steps in FIG. 13 could overlap, occur in parallel, occur in a different order, or occur any number
of times.

[0140] In some embodiments, various functions described in this patent document are
implemented or supported by a computer program that is formed from computer readable program
code and that is embodied in a computer readable medium. The phrase “computer readable
program code” includes any type of computer code, including source code, object code, and

executable code. The phrase “computer readable medium” includes any type of medium capable
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of being accessed by a computer, such as read only memory (ROM), random access memory
(RAM), a hard disk drive, a compact disc (CD), a digital video disc (DVD), or any other type of
memory. A “non-transitory” computer readable medium excludes wired, wireless, optical, or other
communication links that transport transitory electrical or other signals. A non-transitory computer
readable medium includes media where data can be permanently stored and media where data can
be stored and later overwritten, such as a rewritable optical disc or an erasable memory device.

[0141] It may be advantageous to set forth definitions of certain words and phrases
used throughout this patent document. The terms “application” and “program” refer to one or more
computer programs, software components, sets of instructions, procedures, functions, objects,
classes, instances, related data, or a portion thereof adapted for implementation in a suitable
computer code (including source code, object code, or executable code). The term “communicate,”
as well as derivatives thereof, encompasses both direct and indirect communication. The terms
“include” and “comprise,” as well as derivatives thereof, mean inclusion without limitation. The
term “or” is inclusive, meaning and/or. The phrase “associated with,” as well as derivatives thereof,
may mean to include, be included within, interconnect with, contain, be contained within, connect
to or with, couple to or with, be communicable with, cooperate with, interleave, juxtapose, be
proximate to, be bound to or with, have, have a property of, have a relationship to or with, or the
like. The phrase “at least one of,” when used with a list of items, means that different combinations
of one or more of the listed items may be used, and only one item in the list may be needed. For
example, “at least one of: A, B, and C” includes any of the following combinations: A, B, C, A
and B, Aand C, B and C, and A and B and C.

[0142] The description in this patent document should not be read as implying that any
particular element, step, or function is an essential or critical element that must be included in the
claim scope. Also, none of the claims is intended to invoke 35 U.S.C. § 112(f) with respect to any
of the appended claims or claim elements unless the exact words “means for” or “step for” are

explicitly used in the particular claim, followed by a participle phrase identifying a function. Use

2% 2% LC 29 LC

of terms such as (but not limited to) “mechanism,” “module,” “device,” “unit,” “component,”

2% 29 LC 2% 2% 2% 29 LC

“element,” “member,” “apparatus,” “machine,” “system,” “processor,” “processing device,” or
“controller” within a claim 1s understood and intended to refer to structures known to those skilled
in the relevant art, as further modified or enhanced by the features of the claims themselves, and
is not intended to invoke 35 U.S.C. § 112(f).

[0143] While this disclosure has described certain embodiments and generally
associated methods, alterations and permutations of these embodiments and methods will be
apparent to those skilled in the art. Accordingly, the above description of example embodiments

does not define or constrain this disclosure. Other changes, substitutions, and alterations are also
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possible without departing from the spirit and scope of this disclosure, as defined by the following

claims.
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WHAT IS CLAIMED IS:
1. A method (1400) comprising:
identifying (1410) a route for passengers seeking to enter a building, the route including:
at least one section of road for automobiles to access a building; or
at least one access point inside the building for pedestrians to pass through;
receiving (1420) traffic flow information corresponding to the route;
determining (1430) whether the received traffic flow information corresponds to a
condition that impedes the route, from among a set of pre-trained conditions; and
identifying and displaying (1440) a list of user-selectable state alternatives related to the
condition that impedes the route, based on a determination that the received traffic flow

information corresponds to the condition.

2. The method of Claim 1, further comprising:

receiving (1450) a selection, from among the list of user-selectable state alternatives, of a
selected state alternative;

obtaining (1460) a predicted traffic flow corresponding to the route, based on the selected
state alternative; and

displaying (1470) a user interface that includes the route and visual indicators representing

the predicted traffic flow based on the selected state alternative.

3. The method of Claim 2, wherein obtaining the predicted traffic flow comprises:
transmitting (1462) the selected state alternative to a traffic flow optimizer; and
receiving (1462) the predicted traffic flow from the traffic flow optimizer, in response to

the selected state alternative transmitted.

4. The method of Claim 2, wherein:

a first state alternative corresponds to a status quo, from among the list of user-selectable
state alternatives;

the selected state alternative is the first state alternative;

obtaining the predicted traffic flow comprises using (1464) the received traffic flow
information as the predicted traffic flow; and

displaying (1470) a user interface that includes the route and visual indicators representing

the traffic flow information corresponding to the route.
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5. The method of Claim 1, further comprising:
receiving (1450) a selection, from among the list of user-selectable state alternatives, of a
selected state alternative; and
controlling (1466) an output device located along the route to display a predetermined
message corresponding to the selected state alternative,
wherein the predetermined message is associated with at least one of:
the condition that impedes the route; or

a change of mode of transportation.

6. The method of Claim 1, further comprising:

receiving (1480), from an external device located at the building, a passenger arrival (1322)
indication that the passengers seeking to enter the building includes a passenger who has arrived
at the building and who is ticketed for a transport vehicle scheduled to depart from the building;
and

incrementing (1480, 1326) a count of N on-time passengers for the transport vehicle, based
on the passenger arrival indicator received and an estimated travel time from a location of the
external device through the at least one access point to a boarding location inside the building for

the transport vehicle.

7. The method of Claim 6, further comprising:

determining (1490, 1354, 1358) an on-time load factor corresponding to an on-time
departure of the transport vehicle;

converting (1490) the on-time load factor to K passenger seats of the transport vehicle; and

predicting (1490) that the transport vehicle will have a delayed departure based on a
likelihood that the K passenger seats corresponding to the on-time departure of the transport
vehicle will be greater than the count of N on-time passengers at a boarding time, wherein a

boarding gate assignment (1306) is modified (1370) based on the delayed departure predicted.

8. An electronic device (100) comprising:
at least one processor (102) configured to:
identify (1146) a route for passengers seeking to enter a building (320), the route
including:
at least one section of road (702, 812, 814) for automobiles to access a
building; or

at least one access point inside the building for pedestrians to pass through;
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receive traffic flow information (216, 218, 220, 602, 612, 1340, 1344)
corresponding to the route;

determine whether the received traffic flow information corresponds to a condition
(814) that impedes the route, from among a set of pre-trained conditions; and

identify and display a list of user-selectable state alternatives (800) related to the
condition that impedes the route, based on a determination that the received traffic flow

information corresponds to the condition.

9. The electronic device of Claim 8, wherein the at least one processor is further
configured to:

receive a selection (804), from among the list of user-selectable state alternatives, of a
selected state alternative;

obtain a predicted traffic flow (1000) corresponding to the route, based on the selected state
alternative; and

display a user interface (1000) that includes the route and visual indicators representing the

predicted traffic flow based on the selected state alternative.

10. The electronic device of Claim 9, wherein to obtain the predicted traffic flow, the
at least one processor is further configured to:

transmit the selected state alternative to a traffic flow optimizer (138); and

receive the predicted traffic flow from the traffic flow optimizer, in response to the selected

state alternative transmitted.

11. The electronic device of Claim 9, wherein:

a first state alternative (802) corresponds to a status quo, from among the list of user-
selectable state alternatives;

the selected state alternative is the first state alternative;

to obtain the predicted traffic flow, the at least one processor is further configured to use
the received traffic flow information as the predicted traffic flow; and

the at least one processor is further configured to display a user interface (900) that includes
the route and visual indicators (704, 706) representing the traftic flow information corresponding

to the route.

12. The electronic device of Claim 8, wherein the at least one processor is further

configured to:
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receive a selection (804), from among the list of user-selectable state alternatives, of a
selected state alternative; and
control an output device located along the route to display a predetermined message
corresponding to the selected state alternative,
wherein the predetermined message is associated with at least one of’
the condition that impedes the route; or

a change of mode of transportation.

13. The electronic device of Claim 8, wherein the at least one processor is further
configured to:

receive, from an external device (210b) located at the building, a passenger arrival
indication (1322) that the passengers seeking to enter the building includes a passenger who has
arrived at the building and who is ticketed for a transport vehicle scheduled to depart from the
building; and

increment a count (1328) of N on-time passengers for the transport vehicle, based on the
passenger arrival indicator received and an estimated travel time from a location of the external
device through the at least one access point to a boarding location inside the building for the

transport vehicle.

14. The electronic device of Claim 13, wherein the at least one processor is further
configured to:

determine an on-time load factor corresponding to an on-time departure of the transport
vehicle;

convert the on-time load factor to K passenger seats of the transport vehicle; and

predict that the transport vehicle will have a delayed departure based on a likelihood that
the K passenger seats corresponding to the on-time departure of the transport vehicle will be greater
than the count of N on-time passengers at a boarding time, wherein a boarding gate assignment

(1306) is modified (1370) based on the delayed departure predicted.

15. A non-transitory computer readable medium (112) embodying a computer program,
the computer program comprising computer readable program code that, when executed by a
processor (102) of an electronic device (100), causes the electronic device to:
identify a route for passengers seeking to enter a building, the route including:
at least one section of road for automobiles to access a building; or

at least one access point inside the building for pedestrians to pass through;
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receive traffic flow information corresponding to the route;

determine whether the received traffic flow information corresponds to a condition that
impedes the route, from among a set of pre-trained conditions; and

identify and display a list of user-selectable state alternatives related to the condition that
impedes the route, based on a determination that the received traffic flow information corresponds

to the condition.

16.  The non-transitory, computer readable medium of Claim 15, wherein the program
code that, when executed, causes the electronic device to:

receive a selection, from among the list of user-selectable state alternatives, of a selected
state alternative;

obtain a predicted traffic flow corresponding to the route, based on the selected state
alternative; and

display a user interface that includes the route and visual indicators representing the

predicted traffic flow based on the selected state alternative.

17.  The non-transitory, computer readable medium of Claim 16, wherein the program
code that, when executed, causes the electronic device to obtain the predicted traffic flow further
comprises program code that, when executed, causes the electronic device to:

transmit the selected state alternative to a traffic flow optimizer; and

receive the predicted traffic flow from the traffic flow optimizer, in response to the selected

state alternative transmitted.

18. The non-transitory, computer readable medium of Claim 16, wherein:

a first state alternative corresponds to a status quo, from among the list of user-selectable
state alternatives;

the selected state alternative is the first state alternative;

the program code that, when executed, causes the electronic device to obtain the predicted
traffic flow further comprises program code that, when executed, causes the electronic device to
use the received traffic flow information as the predicted traffic flow; and

the program code that, when executed, causes the electronic device to display a user
interface that includes the route and visual indicators representing the traffic flow information

corresponding to the route.
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19.  The non-transitory, computer readable medium of Claim 15, wherein the program
code that, when executed, causes the electronic device to:

receive a selection, from among the list of user-selectable state alternatives, of a selected
state alternative; and

control an output device located along the route to display a predetermined message
corresponding to the selected state alternative,

wherein the predetermined message is associated with at least one of’

the condition that impedes the route; or

a change of mode of transportation.

20.  The non-transitory, computer readable medium of Claim 15, wherein the program
code that, when executed, causes the electronic device to:

receive, from an external device located at the building, a passenger arrival indication that
the passengers seeking to enter the building includes a passenger who has arrived at the building
and who is ticketed for a transport vehicle scheduled to depart from the building; and

increment a count of N on-time passengers for the transport vehicle, based on the passenger
arrival indicator received and an estimated travel time from a location of the external device
through the at least one access point to a boarding location inside the building for the transport

vehicle.
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Simulated Origins and Destinations
Domestic Passengers Originating at DFW by Destination -- Wednesday in January
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FIG. 11D
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1400

1410~ Identify a Route For a Passenger Seeking To Enter/Exit a Building
Y

Receive Traffic Flow Information Corresponding To the Route

1420~

1422\ Receiving Current Traffic Flow Information From Sensors
1424—~_|

Receiving Historical Traffic Flow Information From a Database

. 1430
Determine Whether
the Received Traffic Flow Information Matches a
Condition Tgattlmpedes the
oute

Yes-Match

1440~ Identify and Display a List Of User-Selectable State Alternatives
Related To the Condition That Impedes the Route

Y

1450~ Receive a Selection, From Among the List Of User-Selectable
State Alternatives, Of a Selected State Alternative

Y
1460~ Obtain a Predicted Traffic Flow Based On the Selected State Alterative

Transmit the Selected State Alternative To a Traffic Flow

1462—~_| Optimizer; and Receive the Predicted Traffic Flow From the

Traffic Flow Optimizer, In Response To the Selected State
Alternative Transmitted

1464—~__| Use Received Traffic Flow Information As the Predicted Traffic
Flow, In Response To the Selection Of the Status Quo

Y

1466~ Control an Qutput Device Located Along the Route To Display a
Predetermined Message Corresponding To the Selected State Alternative

Y

1470~Displaying UI That Includes the Route and Visual Indicators Representing
Predicted Traffic Flow Based On the Selected State Alternative

Y
1480~ Determine N On-Time Passengers Based On Passenger
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Y
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