UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE RECD ATTY.DOCKET.NO TOT CLAIMS|IND CLAIMS
62/897,860 (09/09/2019 140 27XH-303984
CONFIRMATION NO. 5209
30764 FILING RECEIPT
SHEPPARD, MULLIN, RICHTER & HAMPTON LLP
650 Town Genter Drive, 10th Floor KOO ALY LA AR R

Costa Mesa, CA 92626
Date Mailed: 09/18/2019

Receipt is acknowledged of this provisional patent application. It will not be examined for patentability and will
become abandoned not later than twelve months after its filing date. Any correspondence concerning the application
must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE, NAME OF
FIRST INVENTOR, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.

Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a corrected Filing Receipt identifying the requested changes, preferably by including a
properly marked-up ADS showing the changes with strike-through for deletions and underlining for additions. If you
received a "Notice to File Missing Parts" or other Notice requiring a response for this application, please submit any
request for correction to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply to
the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections provided that
the request is grantable.

Inventor(s)
Robert Hanczor, San Diego, CA;
Duane Maxwell, San Diego, CA;
Applicant(s)
Robert Hanczor, San Diego, CA;
Duane Maxwell, San Diego, CA;
Power of Attorney:
Richard Dunning Jr--42502

Permission to Access Application via Priority Document Exchange: No
Permission to Access Search Results: No

Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.

If Required, Foreign Filing License Granted: 09/17/2019

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 62/897,860

Projected Publication Date: None, application is not eligible for pre-grant publication

Non-Publication Request: No

Early Publication Request: No
page 1 of 3

Siemens EX1056
Page 1 of 74



** SMALL ENTITY **
Title

ENHANCED TRANSIT LOCATION SYSTEMS AND METHODS
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PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184
Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
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set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call
+1-202-482-6800.
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Warning

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may
contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card
numbers (other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required
by the USPTO to support a petition or an application. If this type of personal information is included in documents submitted
to the USPTO, petitioners/applicants should consider redacting such personal information from the documents before
submitting them to USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public
after publication of the application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the
application) or issuance of a patent. Furthermore, the record from an abandoned application may also be available to the
public if the application is referenced in a published application or an issued patent (see 37 CFR1.14). Checks and credit
card authorization forms PTO-2038 submitted for payment purposes are not retained in the application file and therefore are
not publicly available.
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Please see 37 CFR 1.4(d) for the form of the signature.

Signature Richard A. Dunning/ Date (YYYY-MM-DD) |P019-09-09
First Name Richard A. Last Name Dunning Reglstrathn Number 15502
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file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection
is estimated to take 8 hours to complete, including gathering, preparing, and submitting the completed application form to the USPTO.
Time will vary depending upon the individual case. Any comments on the amount of time you require to complete this form and/or
suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department
of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. This
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of
the attached form related to a patent application or paten. Accordingly, pursuant to the requirements of the Act, please be
advised that : (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the
information solicited is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and
Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not
furnish the requested information, the U.S. Patent and Trademark Office may not be able to process and/or examine your
submission, which may result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information
Act (5 U.5.C. 552) and the Privacy Act (5 U.5.C 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether disclosure of these records is required by the Freedom of Information
Act.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to
a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need
for the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, t o a n other federal agency for purposes
of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services,
or his/her designee, during an inspection of records conducted by GSA as part of that agency’s responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in an
application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspection or an
issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Docket No. 27XH-303984 Provisional Patent Application

ENHANCED TRANSIT LOCATION SYSTEMS AND METHODS

FIELD

(01) The present disclosure relates generally to transportation intelligence, and more

specifically to systems and methods for enhanced identification of transit location.
SUMMARY

(02) Embodiments of the present disclosure provide systems and methods for
tracking information relating to transportation vehicles. For example, some
embodiments of the disclosure provide a system for enhanced location and data
collection from vehicles traveling along a vehicle pathway. The system may include a
communications mesh architecture of vehicle tags and anchors affixed to segments of a
vehicle pathway. For example, the vehicle may be a light rail train, a commuter train, a
freight train, an automobile, an airplane, a ship, a space vehicle, a ski lift, a gondola, or
other forms of transportation as known in the art. The transportation pathway may be
any pathway along which the respective vehicle moves, such as a train track, a road, a
canal or shipping lane, a runway, an airway, or other vehicle pathways as known in the
art. By providing a communications mesh architecture, the enhanced transit location
system may be fault tolerant while still providing highly accurate, real-time location data

for vehicles.

(03) The system may include a mesh network of anchors and vehicle tags. Both the
anchors and the vehicle tags may incorporate impulse-radio ultra-wideband (IR-UWB)

transceivers for both distance ranging and backhaul data transmission, together with the

Siemens EX1056
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transmission of other attributes relevant to vehicle tracking, including vehicle speed,

charge or fuel levels, warning flags, etc.

(04) Venhicle tags may be mounted in the front and/or the back of vehicles, or vehicle
segments (e.g., train cars). The vehicle tags may obtain ranging data and distance
information from anchors affixed along a vehicle pathway (e.g., a train track, train
tunnel, road, etc.). As the vehicle moves along the vehicle pathway, the vehicle tags
may transmit a data beacon (e.g., a “ping’) and anchors may respond with a
corresponding anchor identification signal including a unique identifier for the respective

anchor, together with a relative distance from the vehicle tag.

(05) The vehicle tag on the vehicle may receive the anchor identification signal. The
vehicle tag may also include a processor and a non-transitory computer readable
memory with computer executable instructions embedded thereon, the computer
executable instructions configured to cause the processor to compute real-time
multilateration. The vehicle tag may inject the vehicle’s location (e.g., an x-y coordinate,
x-y-z coordinate, track number and distance) into a backhaul. The backhaul may
represent a chain of anchors proximately located to one another and extending along

the vehicle pathway.

(06) In some examples, the vehicle may be a subway train, the vehicle pathway may
be the train track, train track substrate, or subway tunnel, and the backhaul may be the
chain of anchors extending along the train track, train track substrate, or subway tunnel

to a base station (e.g., a border anchor).

(07) Anchors may include a processor and a non-transitory computer readable

memory with computer executable instructions embedded thereon, the computer

Siemens EX1056
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executable instructions configured to cause the processor to compute relative distance

to an approaching vehicle tag.

(08) The anchor may transmit the relative distance of the vehicle tag, together with
location data, through the backhaul to a bridge anchor. To enhance reliability, accuracy,
and fault tolerance, anchors may be positioned in relatively close proximity to one
another at regular intervals along the backhaul. In some examples, the anchors may be
placed along girders along the walls of the tunnel spaced between 6 and 20 meters

apart.

These and other objects, features, and characteristics of the system and/or method
disclosed herein, as well as the methods of operation and functions of the related
elements of structure and the combination of parts and economies of manufacture, will
become more apparent upon consideration of the following description and the
appended claims with reference to the accompanying drawings, all of which form a part
of this specification, wherein like reference numerals designate corresponding parts in
the various figures. It is to be expressly understood, however, that the drawings are for
the purpose of illustration and description only and are not intended as a definition of
the limits of the invention. As used in the specification and in the claims, the singular
form of “a”, “an”, and “the” include plural referents unless the context clearly dictates

otherwise.

BRIEF DESCRIPTION OF THE DRAWINGS

(09) The technology disclosed herein, in accordance with one or more various
embodiments, is described in detail with reference to the following figures. The drawings

are provided for purposes of illustration only and merely depict typical or example

Siemens EX1056
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embodiments of the disclosed technology. These drawings are provided to facilitate the
reader’s understanding of the disclosed technology and shall not be considered limiting
of the breadth, scope, or applicability thereof. It should be noted that for clarity and ease

of illustration these drawings are not necessarily made to scale.

(10) Fig. 1 illustrates placement of tags on a group of connected train cars, commonly

referred to as a "consist," according to embodiments of the disclosed technology.

(11) Fig. 2 illustrates a train location and communication system according to

embodiments of the disclosed technology.

(12) Fig. 3A illustrates an architecture of a tag according to some embodiments of the

disclosed technology.

(13) Fig. 3B illustrates an architecture of an anchor according to some embodiments

of the disclosed technology.

(14) Fig. 4 illustrates a positioning architecture according to embodiments of the

disclosed technology.

(15) Fig. 5 illustrates an embodiment for a subway tunnel having multiple tracks T1-

T4.

(16) Figs. 6A-6C illustrate example methods for location determination consistent with

embodiments disclosed herein.

(17) Fig. 7 illustrates a data communication system according to some embodiments

of the disclosed technology.

(18) Fig. 8 illustrates a distributed communication system that includes four WDS

networks WDS1-WDS4.
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(19) Fig. 9 illustrates a WDS where at least one anchor failed, as indicated by the red

circle.

(20) Fig. 10 illustrates an architecture for a railway worker protection system

according to some embodiments of the disclosed technology.

(21) Fig. 11 illustrates the architecture of an inter-train network according to some

embodiments of the disclosed technology.

(22) Figs. 12A and 12B illustrate example transceiver devices that may be
implemented in an enhanced location tracking system consistent with embodiments

disclosed herein.

(23) Fig. 13 illustrates an example system for enhanced location and data collection
from vehicles traveling along a vehicle pathway, consistent with embodiments disclosed

herein.

(24) Fig. 14 illustrates an example system for enhanced location and data collection
from vehicles traveling along a vehicle pathway, consistent with embodiments disclosed

herein.

(25) Figs. 15A-15D illustrate example spatial anchor-tag layouts, consistent with

embodiments disclosed herein.

(26) Fig. 16A illustrates an example graphical user interface for an app for
communicating and interacting with a system for enhanced location and data collection
from vehicles traveling along a vehicle pathway, consistent with embodiments disclosed

herein.
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(27) Fig. 16B illustrates an example graphical user interface for an app for
communicating and interacting with a system for enhanced location tracking, consistent

with embodiments disclosed herein.

(28) Fig. 16C illustrates an example graphical user interface for an app for
communicating and interacting with a system for enhanced location and data collection
from vehicles traveling along a vehicle pathway, consistent with embodiments disclosed

herein.

(29) Fig. 17A illustrates an example graphical user interface for displaying data from a
system for enhanced location and data collection from vehicles traveling along a vehicle

pathway, consistent with embodiments disclosed herein.

(30) Fig. 17B illustrates an example graphical user interface for displaying data from a
system for enhanced location and data collection from vehicles traveling along a vehicle

pathway, consistent with embodiments disclosed herein.

(31) Fig. 17C illustrates an example graphical user interface for displaying data from a
system for enhanced location and data collection from vehicles traveling along a vehicle

pathway, consistent with embodiments disclosed herein.

(32) Fig. 17D illustrates an example graphical user interface for displaying data from a
system for enhanced location and data collection from vehicles traveling along a vehicle

pathway, consistent with embodiments disclosed herein.

(33) Fig. 18 illustrates an example computing system that may be used in

implementing various features of embodiments of the disclosed technology.
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(34) The figures are not intended to be exhaustive or to limit the invention to the
precise form disclosed. It should be understood that the invention can be practiced with
modification and alteration, and that the disclosed technology be limited only by the

claims and the equivalents thereof.
DETAILED DESCRIPTION

(35) Embodiments of the present disclosure provide systems and methods for
enhanced location and data collection from vehicles traveling along a vehicle pathway.
In some embodiments of the disclosure, a system for enhanced location and data
collection includes a plurality of vehicle tags and a plurality of anchors (also referred to
herein as "anchors" and "readers") configured to communicate using a mesh network
technology. For example, the vehicle tags and anchors may include IR-UWB

localization transceivers.

(36) In some examples, the vehicle may be a train and the vehicle pathway may be a
train track, train platform, or train tunnel, such as a subway tunnel system. The
interaction between anchors mounted high on the girders in the tunnel and vehicle tags
installed on the trains may facilitate collection of the geolocation of a given train. As a
train moves through the tunnel, time-of-arrival (TOA) and/or time-of-flight (TOF) may be
measured between anchors and vehicle tags. The vehicle tags may include processors
and non-transitory computer readable memory with computer executable instructions
embedded thereon, the computer executable instructions configured to cause the
processor to compute real-time multilateration to effectively triangulate the vehicle tag’'s
location and inject the train’s track position and distance from a previous train station

into the backhaul. Vehicle tags may include a data store or be communicatively coupled

Siemens EX1056
Page 35 of 74



Docket No. 27XH-303984 Provisional Patent Application

to a data store, e.g., using a wireless network. The data store may include location data
for multiple anchors in the system. The vehicle tags may be configured to identify and
distinguish intersecting points on the track and intersecting points behind a wall in order

to identify correct vehicle tag geolocation.

(37) In some examples, interactions between stationary (e.g., anchor sensors
mounted on stationary structures) and moving sensors (e.g., tag sensors mounted on
moving vehicles) will produce sensor signals that can be processed by a distributed
sensor network (e.g., comprising anchors and tags) for accurate positioning of vehicles
with respect to stationary structures. The localization data generated by the distributed
sensor network may be made available to a vehicle tracking system to track and display

relative positions and other characteristics relating to the vehicles.

(38) Using a network of sensors as described herein may overcome problems
associated with retrofitting a vehicle tracking system in an existing transportation system
(e.g., existing subway or train systems). For example, in an existing subway system in
which no network infrastructure exists inside tunnels, providing location signals to a
central vehicle tracking system requires a wireless network. Existing subway trains may
not have the technical means to transfer their position data in real time. Additionally,
based on the cost of providing electrical power into the tunnels to power, any viable
system must be able to provide its own power or use existing power systems, e.g., on a
moving train. Embodiments disclosed herein solve these problems by measuring data
on localization of the trains inside tunnels using tag sensors mounted on the trains and
transmitting the collected data wirelessly towards both tunnel entrances/ends where the

data can enter the existing subway network infrastructure available on subway stations
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(e.g., using a backhaul network of anchor sensors). Transmitting data to both tunnel

ends may also introduce redundancy and increase reliability.

(39) Fig. 1 illustrates placement of tags on a group of connected train cars, commonly
referred to as a "consist," according to embodiments of the disclosed technology. As
illustrated, in some examples, the vehicle may be a train and the vehicle pathway may
be a subway tunnel system. However, other example vehicles and vehicle pathways
may employ the same system, as would be understood by a person of ordinary skill in

the art.

(40) Referring to Fig. 1, a plurality of tags may be disposed on distal ends of each end
car of the consist. For example, a pair of tags may be disposed on the top of each end
car. In Fig. 1, each pair of tags is labeled "TAG A/B". Each tag in a pair of tags may
operate independently. For example, each tag a pair may independently generate a

position measurement.

(41) Fig. 2 illustrates a train location and communication system according to
embodiments of the disclosed technology. Referring to Fig. 2, a consist comprising a
plurality of cars is traveling along a track. As in Fig. 1, a pair of tags TAG A and TAG B
may be located at each end of the consist. The tags in a pair may be located on
opposite sides of the consist. Each tag may communicate with anchors on a respective

wayside of the consist.

(42) Each tag may communicate independently with a suspected tag controller TC. In
the example of Fig. 2, each tag TAG A may communicate with a tag controller TC-A,
and each tag TAG B may communicate with a separate tag controller TC-B. The tag

controllers TC-A, TC-B may communicate with a vehicle onboard controller (VOBC)
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through a respective system interface. The system interfaces in the end cars may
communicate, as shown by the broken green arrows, for example to check a length of
the consist against an expected consist length. The tags in a pair of tags may
communicate with each other, as shown by the broken blue lines, for example to
perform inter-channel integrity cross-checks. The tags and a pair of tags may

communicate with each other by radio.

(43) The system may include a plurality of anchors A1-A10 located along the
waysides of the track. In the example of Fig. 2, odd-numbered anchors A1-A9 are
distributed along one wayside, while even-numbered anchors A2-A10 are distributed
along the other wayside. In one embodiment, the spacing between anchors may be
approximately 250-300 feet. The locations of the anchors may be staggered to reduce
the likelihood of dead zones. For example, each anchor may be located halfway

between two anchors on the opposite wayside.

(44) The anchors may communicate with the tags. In the example of Fig. 2, each tag
may communicate with multiple anchors through line-of-site communications, as shown
by the broken red lines. In some embodiments, these communications are implemented

using ultra wideband (UWB) technology.

(45) The anchors may communicate with each other. In the example of Fig. 2, each
anchor on a wayside communicates with the adjacent anchors on the wayside, as
shown by the broken purple lines, for example to perform inter-anchor integrity checks.
These checks may be initiated following detection by an anchor of a passing tag. The

anchors may form a mesh network. For example, should an anchor fail, the adjacent
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anchors may communicate directly with each other rather than attempt communications

through the failed anchor.

(46) Fig. 3A illustrates an architecture of a tag according to some embodiments of the
disclosed technology. Referring to Fig. 3A, each tag may include a UWB radio and a
UWB antenna. In some embodiments, each tag may include two UWB radios and two
UWB antennas to support redundancy requirements. Each tag may include a CPU in
communication with the UWB radios and a tag controller. Each tag may employ the
UWB radios and antennas to communicate with the anchors, and with other tags. Each
tag may be powered by an onboard power supply. In the example of Fig. 3A, each tag is

powered by a 37V DC supply, stepped down to 6V DC.

(47) Some embodiments of the tag may include one or more of the elements and
features that follow. For example, the tag may include a UWB radio operating across 6
channels between 3.5GHz and 6.5GHz for precision ranging and data communication.
The tag may include a micro USB jack for power and communication with a tag
controller. The tag may include an omni-directional UWB antenna. The tag may include
a weather resistant plastic housing. The tag may include an aerodynamic teardrop
enclosure for the UWB antenna. The anchors may perform distance ranging with tags
installed on trains up to a 125 meter radius, given an optimal LOS environment. Tags

may be securely provisioned over BLE.

(48) Fig. 3B illustrates an architecture of an anchor according to some embodiments
of the disclosed technology. Referring to Fig. 3B, each anchor may include a UWB radio
and a UWB antenna. In some embodiments, each anchor may include two UWB radios,

and two UWB antennas, to support redundancy requirements. Each anchor may include
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a CPU in communication with the UWB radios. Each anchor may employ the UWB
radios and antennas to communicate with the tags, and with other anchors. The
anchors may be powered by a wayside power supply. In example of Fig. 3B, each

anchor is powered by a 110V AC power supply, converted to 6V DC.

(49) Some embodiments of the anchor may include one or more of the elements and
features that follow. For example, the Wi-Fi radios may include two 2x2 MIMO 6 GHz
transceivers for data communication, and a 2x2 MIMO 2.4 GHz transceiver for
provisioning and maintenance. One 6GHz radio may be used to send data in one
direction (e.g. North), while the other 6GHz radio may be used to send data in the other
direction (e.g. South). This arrangement may provide a full-duplex solution mitigating
per-hop bandwidth degradation. Any data received by a 6GHz radio may be forwarded
to the UWB radio and sent to the tag, for example as dictated by routing tables. Anchors

may be securely provisioned over BLE.

(50) The ethernet interface may include two Gigabit Ethernet controllers. The
antennas may include four directional 6 GHz antennas for data communication, two
omnidirectional 2.4 GHz antennas for maintenance, and a high-gain bi-directional UWB
antenna. The UWB radio may operate across 6 channels between 3.5GHz and 6.5GHz
for precision ranging and data communication. The anchor may include two externally-
accessible buttons for provisioning, power reset, and the like. The anchor may include a
main 120 Volt AC to 12 Volt 2.5 Amp switching power supply. The anchor may include
an impermeable plastic housing with heat sink for thermal management. The anchor
may provide UWB ranging responses to a tag when queried. The anchors may

configure their two 6GHz radios to form the WDS network. The anchor may receive IP
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data from a tag and forward those data to a border router. The anchor may receive IP
data from a border router and forward those to a tag. The border routers may be
implemented using an anchor, for example by adding an Ethernet jack, which may be

threaded for weather resistance.

(51) Fig. 4 illustrates a positioning architecture according to embodiments of the
disclosed technology. Referring to Fig. 4, the tags may perform distance ranging using
signals transmitted by the anchors, as shown by the green arrows and broken blue
lines. For example, each anchor may transmit a radio pulse. The radio pulse may
identify a position of the respective anchor, an identity of the respective anchor from
which its position may be determined, and the like. The tag controllers may determine a
location of the consist based on the radio pulses, known positions of the anchors, a
mathematical model of the track, and the like. The tag controllers may provide the
location of the consist to the VOBC. For example, the location may be included in a
UDP packet provided to the VOBC. The VOBC may forward the packet to a control

center.

(52) The tag controller may be the main on-board processing unit for collecting
ranging data to compute location and for sending and receiving data from the WDS
Network. The tag controller may include two physically and electrically identical and
separate sides, which may be responsible for data communications and ranging,
respectively. Each side may be connected to a tag. The A-side may provide data sent
and received by the VOBC to the WDS network through its tag. The B-side may receive
raw ranging data from its tag, process it to compute the location of the train, and send

the resulting location to a positioning system. For example, the data may be sent via
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UDP to a set of IP addresses on the train’s LAN belonging to the positioning system.
The tag belonging the A-side may be mounted on the port side of the train, with the B-
side on the starboard side, or vice versa. Each tag may be connected to its respective

side of the tag controller by a USB cable or the like.

(563) The tag controller may include two separate single-board computers (one for
each side, A and B) in a one rack unit case. There may be two tag controllers per
consist. The tag controllers may be supplied power by a UPS, with direct USB power
output, connected to a 110VAC outlet provided by the train. Each tag controller may
include two identical sets of the following ports: a 6V USB-A power input, a USB-A input
for interface with a tag, two RJ-45 Ethernet ports for the transmission of ranging and

positioning data, and a USB-A Debug Port.

(54) The tag controller B-side may broadcast a Location Update message every
600ms. The location update message may contain: a tag_id that identifies the tag to
which the reported is referenced, an edge_id that identifies the guideway edge on which
the train is located, an offset that represents arc length measured on the edge from the
starting node of the edge, [x, y, z] representing a reported location of the train in 3D
local coordinates, an estimated flag identifying whether the position of the train is

“measured’ or “estimated.”

(65) Fig. 5 illustrates an embodiment for a subway tunnel having multiple tracks T1-
T4. In such embodiments, the location of the consist may indicate on which track the

consist is located in addition to a location along the track.

(56) Figs. 6A-6C illustrate example methods for location determination consistent with

embodiments disclosed herein. It should be noted that these methods are presented
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only by way of illustration and should not be considered limiting. Other methods may be
employed for location determination instead of, or in addition to, one or more of these

example methods.

(57) Fig. 6A illustrates a Time of Arrival (TOA) method in which a tag is located at
intersection of three ranging circles each centered at one of three anchors A1, A2, and
A3. In this method, also referred to as triangulation, the location may be determined

according to intersections of the three ranging circles.

(58) Fig. 6B illustrates a Time Difference of Arrival (TDOA) method in which a tag is
located at the intersection of three hyperbolas for which foci are the locations of three
anchors A1, A2, and A3. In this method, also referred to as trilateration, the location

may be determined according to intersections of the hyperbolas.

(59) Fig. 6C illustrates a Direction of Arrival (DOA) method in which a tag receives
signals from three anchors A1, A2, and A3 located at different angles from the tag. In
this method, the location of the tag may be determined according to the angles and the

locations of the anchors.

(60) Fig. 7 illustrates a data communication system according to some embodiments
of the disclosed technology. Referring to Fig. 7, onboard components include the
VBOC, one or more tag controllers, and one or more tags (not shown). In the example
of Fig. 7, the VBOC and the tag controller may communicate over an ethernet
connection. However, other connections may be used instead of, or in addition to, an

ethernet connection.
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(67) Inthe example of Fig. 7, the wayside components may include a plurality of
anchors and a border router. Each anchor may include a UWB radio for communication
with the tags. Each anchor may include one or more Wi-Fi radios for communication
with other anchors in a wireless distribution system (WDS). Within each anchor, the one
or more Wi-Fi radios may implement a client and an access point (AP). In the
embodiments of Fig. 7, the WDS clients may belong to a first wireless network WLAN 0,
while the access points may belong to a second wireless network WLAN 2. In these

embodiments, a client of one anchor may connect to an AP of another anchor.

(62) Inthe embodiments of Fig. 7, each border router may include one or more Wi-Fi
radios for communication with anchors in the WDS. Within each border router, the one
or more Wi-Fi radios may implement a client and an AP. Anchors may connect to the
client or the AP of a border router. Each border router may include an ethernet interface
for communication with an EMD switch, for example using gratuitous ARP (GARP). This
provides the necessary information for the EMD Switch to update its routing tables and
port assignments in order to continue to route data correctly from a zone controller to
the tag, and ultimately the VOBC. The EMD switch may provide access to the EMD

network, and to one or more control centers (not shown).

(63) In some embodiments, multiple WDS networks may be established, with each
WDS network connecting to a central network through one or more border routers. Fig.
8 illustrates a distributed communication system that includes four WDS networks
WDS1-WDS4. Each WDS network includes a chain of anchors, each communicating
with at least one adjacent anchor. Each WBS network communicates with a central

network (labeled "MTA Network" in Fig. 8) through at least one border router. In the

16

Siemens EX1056
Page 44 of 74



Docket No. 27XH-303984 Provisional Patent Application

example of Fig. 8, redundancy may be achieved using two border routers for each WBS
network, with one border router BR1 active, and the other border router BR2 passive.
Should the active border router fail, the passive border router may take over as the

active border router.

(64) The anchors may transmit beacons periodically, for example 3-10 times per
second. Each beacon may contain the tunnel location of the anchor transmitting the
beacon. The tunnel location may include a relative distance to an origin. The anchors
receive the beacons and use data included in the beacons, as well as RSSI of the
received beacon to create routes from the anchors to the border routers. The routing
may minimize latency by hopping over adjacent anchors to a distant anchor with
adequate RSSI. Because RSSI may be affected by train location, the routing algorithm
may take into consideration the location of the train in order to route around the train by

dynamically and temporarily shortening the hop distance.

(65) The WDS may be designed such that any single anchor failure will not affect
overall throughput or latency. The anchors may regularly send and receive beacons and
heartbeat messages. The beacon data may be sent from the border routers along the
anchors until they anchor with no further neighbors (referred to herein as "leaves").
Likewise, anchors that are leaves may originate heartbeat messages that are sent along
the anchors to the border routers. In this manner, health data is sent in both directions.
The anchors and border routers use these data (or lack thereof) to determine the health
of adjacent anchors. If a certain number of heartbeats or beacons are missed,
surrounding anchors may consider the failing anchor down and route around the

anchor. Fig. 9 illustrates a WDS where at least one anchors failed, as indicated by the
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red circle. An adjacent anchor is routed around the failed anchor to complete a WDS
connection to the border router. Once the anchor is back on line, routing to that anchor
may resume. In this manner, the WDS is self-healing. As illustrated in Fig. 9, anchors
can also route around anchors that have not failed, for example to achieve a WDS with

fewer hops, and therefore less latency.

(66) As described above, the disclosed WDS networks may be used to relay train
location information to control centers for use in managing the trains and the like. The
disclosed WDS networks have many other applications. One such application is railway
worker protection. Fig. 10 illustrates an architecture for a railway worker protection

system according to some embodiments of the disclosed technology.

(67) In some embodiments, the system may use train location information to
automatically inform railway workers of an approaching train. In these embodiments,
one or more railway workers may have a communication device to receive this
information and to alert the railway workers, for example according to safe separation
rules that specify minimum distances, maximum speeds, and the like, for trains near
railway workers. Train position information or warnings can be transmitted to the railway
workers directly when they share a WDS network with the train. When the train and the
railway workers are on different WDS networks, the train position and information or
warnings can be relayed between the WDS networks through the border routers and the

central network.

(68) In some embodiments, the railway workers may wear wearable devices that may
connect to the anchors. In these embodiments, the position of the railway workers may

be transmitted to the train so the operators may slow or stop the train as appropriate.
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(69) In either of these embodiments, the position information may be routed to a
central controller that may transmit warnings to the railway workers and/or the train
operator. In some embodiments, the central controller may automatically control the

train using the position information.

(70) In some embodiments, the tags mounted on the train cars may be employed to
create an inter-train network. Fig. 11 illustrates the architecture of an inter-train network
according to some embodiments of the disclosed technology. In Fig. 11, only two train
cars UNIT 1 and UNIT 2 are shown. However, it should be understood that one or more
cars may be coupled between those cars. In the example of Fig. 11, each end car
includes 2 pairs of tags mounted on opposite ends of the cars. While the distal pairs of
tags, shown in green, perform the ranging and distributed communication functions
described above, the proximal pairs of tags, shown in blue, communicate with each
other form an inter-train network. In some embodiments, all of the cars in a consist may
be connected by an inter-train network to form a fully-connected train. A fully-connected
train may deliver numerous applications. In some examples, the network may be used
for purposes of train operation. In some embodiments, the network may be used by
passengers of the train, for example to access the Internet, cellular communications,

and the like.

(71) In train management, one important function is to ensure that the number of cars
in a consist equals the number of cars expected to be in the consist. When a consist
has fewer cars than expected, one or more of the cars may be missing on the track and
may present a significant safety hazard. Currently, this function is achieved by

stationary wayside equipment that counts the number of axles in the consist, and the
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like. In some embodiments, discounting function may be implemented using the
disclosed tags and anchors. For example, an anchor may count the passing tags of a
consist to determine the number of cars in the consist. This information may be relayed
to a central controller, zone controller, or the like for comparison with the expected
number of cars for the consist. In the event of a mismatch, the controller may take one
or more actions. For example, the actions may include warning train operators,

controlling trains, and the like.

(72) Another important function in train management is asset management. In some
embodiments, the disclosed location and communication system may be employed to
perform asset management. This asset management may include periodic monitoring of
assets. For example, the system may periodically transmit messages containing data
describing assets, trending data, and the like. Asset management may include reporting
detected conditions. For example, the system may alert on specified asset changes or
abnormal conditions, such as high radio temperature, firmware version changes, and
the like. Asset management may include on-demand monitoring, for example such as
performing specific monitoring actions on-demand. A second monitoring may include
monitoring management. For example, the system may provide remote management
functions such as modifying configuration parameters, performing corrective actions,

and the like.

(73) This asset management may include remote software deployment. For example,
the system may allow users to stage, verify, install, modify, rollback, and uninstall
packages remotely. The system may allow users to deploy complex rules, condition

checks, and the like.
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(74) This asset management may include remote readiness checks. For example, the
system may check in return asset information and status for onboard systems. The
scoring system may be employed to assess the current state of the onboard systems,
and compare the relative readiness of units. The scoring system may be, for example,

pass/fail, a numerical score, and the like.

(75) As mentioned above, some embodiments employ an Ultra-Wideband (UWB)
localization methodology. For example, location tracking may be based on interaction
between anchors and tags. In some examples, time-domain UWB (TD-UWB) or
software defined radio (SDR) UWB (SDR-UWB) may be used. TD-UWB may provide
multiple spectra instantaneously while SDR-UWB may provide an equivalent spectrum
using several sequential signal transmissions. In either methodology, time-of-arrival
(TOA) and/or time-of-flight (TOF) may be measured between anchors and tags.
Measurements of TOA using TD-UWB may be performed using, for example, the
802.15.4 range measurement protocol. Measurements of TOA using SDR-UWB may be
performed using Multi-Carrier (MC) UWB (MC-UWB) and other algorithms. The whole
operational cycle for transmitting, receiving and processing such TOA signals may be
comparable for both TD-UWB and SDR-UWB options. Anchors may be mounted in
stationary positions on the walls and/or ceiling of stationary structures (e.g., subway
tunnels) and tags may be mounted on vehicles (e.g., train cars, the train side walls, or
roofs). In some examples, readers may be installed on the vehicle walls or roofs with
tags installed on stationary structures. Geolocation data may be transferred to both
ends of the stationary structures (e.g., subway tunnels) to make them available to

control centers through the network gateways available in the stations. In some
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examples, anchor and/or tags may be powered by small batteries. The batteries may be
made permanently chargeable from suitable energy harvesting devices. The difference
between consumed power and power obtained from harvesting may be made small or

close to zero to extend battery lives.

(76) In some examples, an enhanced location tracking system may implement reader

devices and passive or active tags. For example, passive tags may include RFID tags.

(77) In some examples, two or more transceivers may be implemented on tags to
communicate with a UHF RFID reader. Location estimation may implement techniques
such as Received Signal Strength Indicator (RSSI), Time of Arrival (TOA), Time

Difference of Arrival (TDOA), and fingerprint methods, as described herein.

(78) For TOA localization, a tag may be visible simultaneously to several readers.
Localization capabilities of tags can be further improved by implementing “trajectory”
tracking algorithms, e.g., car coordinates will be derived not just from a single
observation but from a set of consecutive measurements and predicted in a processor.
Machine learning algorithms (e.g., Gaussian process regression with

interpolation/extrapolation, etc.) may also be implemented to improve accuracy.

(79) TD-UWB chips configured to operate as readers may communicate to each other
to exchange the TOA data to be processed for geolocation. Because no network
infrastructure is available inside the subway tunnels, the system must provide
networking functionality in tunnels. For low-power low-rate data exchange as expected
for tag geolocation data, the 915MHz band may provide a suitable option. Because TD-
UWB chip-based readers do not support this communication protocol, an additional

transceiver may be used to enable 915MHz wireless networking.
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(80) SDR-UWRB geolocation has many similar features to the TD-UWB geolocation
described above. The main difference lies in implementation. TD-UWB generates
pulsed signals of instantaneous wide spectrum. SDR-UWB can produce wide spectra
through frequency-stepping by generating one-by-one several/many CW tones or a
sequence of a few baseband signals. In SDR-UWB such received signal components
are processed to “synthesize” equivalent time-domain UWB signals. A typical SDR can
form digital baseband signals up to 60-60 MHz instantaneous bandwidth with several
hundreds MHz clocks. Overall time-budget for full transmission-reception-processing
cycles of UWB signals in TD-UWB and SDR-UWB can be comparable because time-
domain reception is not performed in true real-time in TD-UWB, but through sequential
sampling. SDR-UWB waveforms can be updated at a rate of 10-20 us. A hundred of
such produced spectral components would be sufficient to “synthesize” an arbitrary
UWB pulse at a time budget of a few ms to enable = 100 Hz refresh rate for SDR-UWB

geolocation.

(81) In SDR-UWB, wider signal bandwidth requires more power supply while narrower
signal bandwidth requires less power supply. Certain minimal UWB signal bandwidths
would be required to provide major system functionality such as (1) good range
resolution and precision, (2) multipath spread mitigation, and others. Such bandwidth

will be assessed first in simulations and then verified in hardware tests.

(82) In SDR-UWB, one-way tag-reader communication protocol, which is power
saving, can be implemented using multi-carrier UWB (MC-UWB) positioning methods.
MC-UWB uses transmission of several (many) sub-carriers with equalized (zeroed)

initial phases. When such a signal is received, its FFT is performed and phases of all

23

Siemens EX1056
Page 51 of 74



Docket No. 27XH-303984 Provisional Patent Application

dominated spectral components may be measured and processed to estimate TOA.
Multi-access (multi-tag) coding may be provided by setting and/or weighting particular

sub-carrier components (binary weights 0/1 or a few bit weighting).

(83) In atypical TD-UWB chip, at least a half the power is consumed by clocks which
are permanently running, while SDR-UWB could be set to operate with lesser power
demands. Also, SDR-UWB tunable narrowband receivers could be more sensitive
compared to sampler-based TD-UWB receivers. Finally, SDR-UWB based radios

should have a better RF power budget than TD-UWB radios.

(84) In some examples, UWB-SDR may include a reprogrammable radio set for
networking in addition to its geolocation operational functions. In particular, SDR
supports 915MHz communication. A typical SDR chip has several Tx/Rx antenna
terminals, implementing at least a 2x2 MIMO scheme. Thus, one pair of Tx and Rx
antenna terminals can be used to support geolocation, and a second pair of the Tx and
Rx terminals can be used to operate the 915MHz networking as sketched below for a

generic 2x2 Tx/Rx MIMO SDR chip.

(85) Additional ad-hoc wireless networking is required to transfer all tag positioning
data to dedicated external users. For example, all geolocation measurements can be
transferred to the tunnel ends where they can enter the existing subway network
available on subway stations. For this transfer, the same 915MHz frequency or UWB
mesh are options. This can be achieved by installing along tunnels a set of distributed

repeaters or store-and-forward functionality.
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(86) In some examples, a network mesh of UWB nodes may be connected by
firmware to create a mesh and communicate the tag position data to the previous and

next station gateways simultaneously.

(87) Figs. 12A and 12B illustrate example transceiver devices that may be
implemented in an enhanced location tracking system. For example, Fig. 12A illustrates
an example 2x2 Tx/Rx SDR layout to enable both geolocation and 915MHz operations.
Both geolocation and networking operational functions may use different types of
antennas connected to their respective Tx/Rx terminals. The antennae may be
omnidirectional, 180-deg, high gain, circular arrays, or other antennae as known in the

art.

(88) A system for enhanced location tracking may implement different example
communication modes. For example, a TOA data communication exchange between all
readers involved in geolocation of the same tag may be implemented to combine
individual TOA measurement for tag geolocation. In some examples, communication
between readers and in-tunnel network nodes to gather the computed tag geolocation
data may be implemented. In some examples, communication inside an in-tunnel
network may be used to transfer the computed geolocation data to both tunnel
ends/entrances to make them available through the in-station subway network

gateways.

(89) In some examples, 915MHz frequency low-power wireless networks may be
implemented by the system. In other examples, Bluetooth, ZigBee, Wi-Fi, or cellular,
may be used. Fig. 12B illustrates an example communications module consistent with

embodiments disclosed herein.
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(90) In some examples, a UHF/UWB hybrid radio with asymmetric wireless links may
be implemented as an anchor and/or a tag. In the downlink (reader-tag), similar to a
conventional passive backscattering RFID, a transmission protocol at UHF may be
adopted to control and power-up the tag. In the uplink (tag-reader), the energy
scavenged from the UHF CW accommodates an IR-UWB transmitter to send data for a

short time duration at a high data rate.

(91) Areal-time locating system (RTLS) solution may be implemented. Operating at
low frequencies, e.g., within the AM broadcast band (530-1710kHz), NFER systems
may exploit the near-field behavior of radio signals within ~ one-third of a wavelength. If
close to a small antenna, the electric and magnetic components of radio waves are
ninety degrees out of phase. Far from a small transmit antenna, these components
converge to be in phase. By separately detecting, measuring, and comparing the

electric and magnetic phases, distance measurements may be obtained.

(92) Some example systems may implement LIDAR to provide distance to a target by
illuminating that target with a pulsed laser light and measuring the reflected pulses with

a sensor. Some example systems may implement millimeter-wave (MW) radar.

(93) In some examples, anchors in a first wall adjacent to the vehicle pathway (e.g., a
West wall) may forward packets along a corresponding backhaul (e.g., Northbound),
and anchors along a second wall adjacent to the vehicle pathway and opposite the first
wall (e.g., an East wall) may forward packets along a corresponding backhaul (e.g.,
Southbound). Fig. 13 illustrates a location data signal being propagated along multiple
backhauls from a tag TAG 1 on a Northbound train to two border routers (also referred

to herein as "border anchors"). Fig. 14 illustrates a location data signal being
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propagated along multiple backhauls from a tag TAG 2 on a Southbound train to two
border routers. In some embodiments, a location data signal may be propagated in both

directions by one or both backhauls.

(94) When a vehicle tag has calculated its position, it may inject (e.g., transmit) its
location into the backhaul by sending data to the farthest anchor it can reach (e.g.,
which is still in range) in the direction that the train is heading, and the nearest anchor (n
+/- 1) it can reach in the opposite direction. The receiving anchors forward the location
data to the farthest anchors they can reach, respectively. This forwarding process may
be repeated iteratively until the location data reaches the base stations (e.g., border
anchors). The location data may then be transmitted to a centralized enhanced transit
location system (ETLS). In some examples, the ETLS may be a cloud-based computer

server or network of computer servers.

(95) Figs. 15A, 15B, 15C, and 15D illustrate example spatial anchor-tag layouts. For
example, Fig. 15A illustrates an example configuration implementing anchors on both
tunnel side walls to locate a tag on a car roof. In another example illustrated by Fig.
15B, anchors on opposite tunnel side walls locate a tag on a car roof. In the example of
Fig. 15B, the ranging circles of the anchors intersect in two locations, creating an
ambiguity. But because one intersect is within the tunnel wall, it can be discarded,

resolving the ambiguity.

(96) In another example illustrated in Fig. 15C, anchors on both tunnel side walls
locate two tags on roofs of respective cars. Fig. 15D illustrates a multi-track
configuration. In such configurations, using multiple anchors to introduce redundancy

may improve accuracy, for example to determine on which track the train is located.
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(97) In some examples, the backhaul may include an auto-healing chained mesh.
Each backhaul packet may be acknowledged by the receiving anchor (n). In the event
that an anchor (n) fails to acknowledge a packet for any reason, the transmitting anchor
(x) may attempt to reforward the packet to an alternate receiving anchor (n-7). To
optimize this process, backhaul anchors may be weighted as a function of their
reliability to successfully forward packets, such that the most reliable path is used for

any given environment.

(98) The anchors may calculate and transmit relative distance to an approaching
vehicle tag as well as transmit location data through the backhaul to border routers (also
referred to herein as "bridge anchors"). A bridge anchor may serve as an Internet
gateway to the UWB backhaul. Example bridge anchors may transmit vehicle location
data to a cloud. Bridge anchors may be installed at access points to the vehicle
pathway, such as ingress and egress points for train tunnels. The bridge anchors may

be communicatively coupled to the Internet via wired or wireless networking technology.

(99) In some embodiments, a cloud may aggregate vehicle location data from bridge
anchors and provide a real-time user interface, e.g., using a graphical user interface as

disclosed herein.

(100) In some examples, vehicle tags may be mounted on an external surface of a
vehicle. In the example of a subway train, vehicle tags may be affixed to the front and/or
rear of individual train cars. Vehicle tags may obtain ranging and distance data, e.g., as
provided in data signals transmitted from anchors along the vehicle pathway. The
vehicle tag may transmit a ping. The anchors may respond to the ping with a

corresponding anchor identification signal. In some examples, the anchors may also
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transmit a relative distance from the vehicle tag that transmitted the initial ping. The
vehicle tag may calculate real-time multilateration and inject location data into the

backhaul.

(101) In some embodiments, a vehicle tag may include one or more UWB radios
operating across multiple channels (e.g., between 3 and 12 channels). In some
examples, the radios may operate in a range between 3.5GHz and 6.5GHz. Example
vehicle tags may include a high gain bi-directional antenna, a low gain hemispherical
antenna, a Bluetooth low-energy 2.4Ghz radio for device provisioning, an ultra-low
power microcontroller, controller buttons or switches, a battery pack, and/or a DC power
input for energy harvesting device or external power supply. Example vehicle tags may
also include a micro-computer (e.g., a Linux based 1GHz SBC, or other microcomputer
as known in the art). Example vehicle tags may also include a power input port (e.g., a
micro-USB DC power input, or other power supply port as known in the art). A vehicle

tag may be securely provisioned over BLE with a unique vehicle identification.

(102) In some embodiments, the vehicle tags may include two transceivers, e.g., UWB
radios. The transceivers may be positioned to transmit and receive data in opposite
directions, such that a first transceiver may obtain vehicle ranging data in coordination
with the anchor devices, and a second transceiver may transmit and receive location
data down the backhaul. By mounting a tag on each side of a vehicle (e.g., a front of a
train and a back of a train), a front-facing tag may use a front facing transceiver to
obtain ranging data and use a back facing transceiver to transmit the ranging data to an
onboard computer and the rear-facing tag. The rear-facing tag may use its rear facing

transceiver to transmit location data down the backhaul.
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(103) Some embodiments of the disclosure provide a method for improving accuracy of
an enhanced transit location system. A method for improving accuracy of an enhanced
transit location system may include coupling a digital image sensor (e.g., a digital
camera) to a vehicle tag and positioning the digital image sensor longitudinally along the
travel axis of the vehicle so as to capture image data in front of or behind the vehicle as
it moves. Survey markers may be provided along the travel path of the vehicle (e.g., a
train track or a road) within the field of view of the digital image sensor. The method
may include obtaining image data from the digital image sensor while the vehicle is in
motion, identifying the vehicle position at any given time based on visual queue
captured in the image data from the survey markers, and verifying the vehicle position
identified from the vehicle tags and anchors using the vehicle position identified from the

image data.

(104) Some embodiments of the disclosure provide a provisioning app. For example, to
facilitate provisioning, installation, and testing of the system, a mobile device application
may be deployed on a smartphone (e.g., a ruggedized smartphone) and distributed to
personnel responsible for installing and testing the UWB equipment in the field. The
provisioning app may be communicatively coupled to anchors using a secure wireless
connection, e.g., Bluetooth or WiFi. Anchors may communicate with nearby anchors
within range to communicate current location for one or more vehicle tags and a
proximate survey marker in order to reduce provisioning time for anchors. A list of
survey markers may be stored in a database located in the cloud and synchronized with

the provisioning app when the provisioning app is connected to the network. In addition
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to provisioning, the provisioning app may include a ranging feature for testing the overall

health of the UWB backhaul.

(105) Figs. 16A-16C are screenshots of displays provided by an example provisioning
app illustrating anchors being provisioned based on Installation Wall, Originating
Station, Anchor MAC address (scanned via QR code or manually entered) and distance

from the survey marker to the south of the anchor.

(106) Figs. 17A-6D illustrate an example graphical user interface of an app for
displaying vehicle positioning information. Fig. 17A illustrates a graphical user interface
showing a graphical view of a next station on the line highlighted along with what track
the train is departing from. Fig. 17B illustrates a graphical user interface showing a
graphical view of a train track with the line highlighted along with what track the train is
leaving from. Fig. 17C and 17D illustrate graphical user interfaces displaying animations
of vehicle locations on a line along with corresponding data received from tags and/or
anchors. The user interface may display the track that a train is on with the station at the
far edge of the page. In some examples, the station background image may fade out. In
some examples, the train background image may fade-in. The user interface may
provide a “heads-up display" (HUD) to display and/or scroll data on a screen. In the
animation, the train may move from the side of screen until it reaches the horizontal
middle of the screen, then stay centered. The track may then move with survey markers

updating based on train position in the tunnel.

(107) In some examples, the user interface may update data displayed in real-time or
semi-real-time. For example, distance along a backhaul and/or speed data for a given

vehicle may be updated regularly within the user interface.
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(108) As will be appreciated, the methods described herein may be performed using a
computing system having machine executable instructions stored on a tangible medium.
The instructions are executable to perform each portion of the method, either

autonomously, or with the assistance of input from an operator.

(109) Those skilled in the art will appreciate that the disclosed embodiments described
herein are by way of example only, and that numerous variations will exist. The
invention is limited only by the claims, which encompass the embodiments described
herein as well as variants apparent to those skilled in the art. In addition, it should be
appreciated that structural features or method steps shown or described in any one

embodiment herein can be used in other embodiments as well.

(110) As used herein, the terms logical circuit and component might describe a given
unit of functionality that can be performed in accordance with one or more embodiments
of the technology disclosed herein. As used herein, either a logical circuit or a
component might be implemented utilizing any form of hardware, software, or a
combination thereof. For example, one or more processors, controllers, ASICs, PLAs,
PALs, CPLDs, FPGAs, logical components, software routines or other mechanisms
might be implemented to make up a component. In implementation, the various
components described herein might be implemented as discrete components or the
functions and features described can be shared in part or in total among one or more
components. In other words, as would be apparent to one of ordinary skill in the art after
reading this description, the various features and functionality described herein may be
implemented in any given application and can be implemented in one or more separate

or shared components in various combinations and permutations. Even though various
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features or elements of functionality may be individually described or claimed as
separate components, one of ordinary skill in the art will understand that these features
and functionality can be shared among one or more common software and hardware
elements, and such description shall not require or imply that separate hardware or

software components are used to implement such features or functionality.

(111) Where components, logical circuits, or components of the technology are
implemented in whole or in part using software, in one embodiment, these software
elements can be implemented to operate with a computing or logical circuit capable of
carrying out the functionality described with respect thereto. Various embodiments are
described in terms of this example logical circuit 1100. After reading this description, it
will become apparent to a person skilled in the relevant art how to implement the

technology using other logical circuits or architectures.

(112) Referring now to Fig. 18, computing system 1100 may represent, for example,
computing or processing capabilities found within desktop, laptop and notebook
computers; hand-held computing devices (PDA’s, smart phones, cell phones, palmtops,
etc.); mainframes, supercomputers, workstations or servers; or any other type of
special-purpose or general-purpose computing devices as may be desirable or
appropriate for a given application or environment. Logical circuit 1100 might also
represent computing capabilities embedded within or otherwise available to a given
device. For example, a logical circuit might be found in other electronic devices such as,
for example, digital cameras, navigation systems, cellular telephones, portable
computing devices, modems, routers, WAPs, terminals and other electronic devices that

might include some form of processing capability.
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(113) Computing system 1100 might include, for example, one or more processors,
controllers, control components, or other processing devices, such as a processor 1104.
Processor 1104 might be implemented using a general-purpose or special-purpose
processing component such as, for example, a microprocessor, controller, or other
control logic. In the illustrated example, processor 1104 is connected to a bus 1102,
although any communication medium can be used to facilitate interaction with other

components of logical circuit 1100 or to communicate externally.

(114) Computing system 1100 might also include one or more memory components,
simply referred to herein as main memory 1108. For example, preferably random
access memory (RAM) or other dynamic memory, might be used for storing information
and instructions to be executed by processor 1104. Main memory 1108 might also be
used for storing temporary variables or other intermediate information during execution
of instructions to be executed by processor 1104. Logical circuit 1100 might likewise
include a read only memory (“ROM?”) or other static storage device coupled to bus 1102

for storing static information and instructions for processor 1104.

(115) The computing system 1100 might also include one or more various forms of
information storage mechanism 1110, which might include, for example, a media drive
1112 and a storage unit interface 1120. The media drive 1112 might include a drive or
other mechanism to support fixed or removable storage media 1114. For example, a
hard disk drive, a floppy disk drive, a magnetic tape drive, an optical disk drive, a CD or
DVD drive (R or RW), or other removable or fixed media drive might be provided.
Accordingly, storage media 1114 might include, for example, a hard disk, a floppy disk,

magnetic tape, cartridge, optical disk, a CD or DVD, or other fixed or removable medium
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that is read by, written to or accessed by media drive 1112. As these examples
illustrate, the storage media 1114 can include a computer usable storage medium

having stored therein computer software or data.

(116) In alternative embodiments, information storage mechanism 1110 might include
other similar instrumentalities for allowing computer programs or other instructions or
data to be loaded into logical circuit 1100. Such instrumentalities might include, for
example, a fixed or removable storage unit 1122 and an interface 1120. Examples of
such storage units 1122 and interfaces 1120 can include a program cartridge and
cartridge interface, a removable memory (for example, a flash memory or other
removable memory component) and memory slot, a PCMCIA slot and card, and other
fixed or removable storage units 1122 and interfaces 1120 that allow software and data

to be transferred from the storage unit 1122 to logical circuit 1100.

(117) Logical circuit 1100 might also include a communications interface 1124.
Communications interface 1124 might be used to allow software and data to be
transferred between logical circuit 1100 and external devices. Examples of
communications interface 1124 might include a modem or softmodem, a network
interface (such as an Ethernet, network interface card, WiMedia, IEEE 802.XX or other
interface), a communications port (such as for example, a USB port, IR port, RS232 port
Bluetooth® interface, or other port), or other communications interface. Software and
data transferred via communications interface 1124 might typically be carried on
signals, which can be electronic, electromagnetic (which includes optical) or other
signals capable of being exchanged by a given communications interface 1124. These

signals might be provided to communications interface 1124 via a channel 1128. This

35

Siemens EX1056
Page 63 of 74



Docket No. 27XH-303984 Provisional Patent Application

channel 1128 might carry signals and might be implemented using a wired or wireless
communication medium. Some examples of a channel might include a phone line, a
cellular link, an RF link, an optical link, a network interface, a local or wide area network,

and other wired or wireless communications channels.

(118) In this document, the terms "computer program medium" and "computer usable
medium" are used to generally refer to media such as, for example, memory 1108,
storage unit 1120, media 1114, and channel 1128. These and other various forms of
computer program media or computer usable media may be involved in carrying one or
more sequences of one or more instructions to a processing device for execution. Such
instructions embodied on the medium, are generally referred to as “computer program
code” or a “computer program product” (which may be grouped in the form of computer
programs or other groupings). When executed, such instructions might enable the
logical circuit 1100 to perform features or functions of the disclosed technology as

discussed herein.

(119) Although Fig. 18 depicts a computer network, it is understood that the disclosure
is not limited to operation with a computer network, but rather, the disclosure may be

practiced in any suitable electronic device. Accordingly, the computer network depicted
in Fig. 18 is for illustrative purposes only and thus is not meant to limit the disclosure in

any respect.

(120) While various embodiments of the disclosed technology have been described
above, it should be understood that they have been presented by way of example only,
and not of limitation. Likewise, the various diagrams may depict an example

architectural or other configuration for the disclosed technology, which is done to aid in
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understanding the features and functionality that can be included in the disclosed
technology. The disclosed technology is not restricted to the illustrated example
architectures or configurations, but the desired features can be implemented using a
variety of alternative architectures and configurations. Indeed, it will be apparent to one
of skill in the art how alternative functional, logical or physical partitioning and
configurations can be implemented to implement the desired features of the technology
disclosed herein. Also, a multitude of different constituent component names other than

those depicted herein can be applied to the various partitions.

(121) Additionally, with regard to flow diagrams, operational descriptions and method
claims, the order in which the steps are presented herein shall not mandate that various
embodiments be implemented to perform the recited functionality in the same order

unless the context dictates otherwise.

(122) Although the disclosed technology is described above in terms of various
exemplary embodiments and implementations, it should be understood that the various
features, aspects and functionality described in one or more of the individual
embodiments are not limited in their applicability to the particular embodiment with
which they are described, but instead can be applied, alone or in various combinations,
to one or more of the other embodiments of the disclosed technology, whether or not
such embodiments are described and whether or not such features are presented as
being a part of a described embodiment. Thus, the breadth and scope of the technology
disclosed herein should not be limited by any of the above-described exemplary

embodiments.
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(123) Terms and phrases used in this document, and variations thereof, unless
otherwise expressly stated, should be construed as open ended as opposed to limiting.
As examples of the foregoing: the term “including” should be read as meaning
“‘including, without limitation” or the like; the term “example” is used to provide
exemplary instances of the item in discussion, not an exhaustive or limiting list thereof;

13 ”

the terms “a@” or “an” should be read as meaning “at least one,

” o

one or more” or the like;

and adjectives such as “conventional,” “traditional,” “norma

|” 13
H

standard,” “known” and
terms of similar meaning should not be construed as limiting the item described to a
given time period or to an item available as of a given time, but instead should be read
to encompass conventional, traditional, normal, or standard technologies that may be
available or known now or at any time in the future. Likewise, where this document
refers to technologies that would be apparent or known to one of ordinary skill in the art,
such technologies encompass those apparent or known to the skilled artisan now or at

any time in the future.

” o

(124) The presence of broadening words and phrases such as “one or more,” “at
least,” “but not limited to” or other like phrases in some instances shall not be read to
mean that the narrower case is intended or required in instances where such
broadening phrases may be absent. The use of the term “component” does not imply
that the components or functionality described or claimed as part of the component are
all configured in a common package. Indeed, any or all of the various components of an
component, whether control logic or other components, can be combined in a single

package or separately maintained and can further be distributed in multiple groupings or

packages or across multiple locations.
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(125) Additionally, the various embodiments set forth herein are described in terms of
exemplary block diagrams, flow charts and other illustrations. As will become apparent
to one of ordinary skill in the art after reading this document, the illustrated
embodiments and their various alternatives can be implemented without confinement to
the illustrated examples. For example, block diagrams and their accompanying
description should not be construed as mandating a particular architecture or

configuration.
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CLAIMS
What is claimed is:
1. A method comprising:

receiving, into a vehicle radio located on a vehicle traveling along a roadway,

signals transmitted by wayside radios located along the roadway; and

determining a location of the vehicle along the roadway based on the received

signals.
2. The method of claim 1, further comprising:
transmitting the location from the vehicle to a first one of the wayside radios;

relaying the location along the roadway from the first one of the wayside radios

along one or more second ones of the wayside radios.
3. The method of claim 2, further comprising:

transmitting the location from one of the one or more second ones of the wayside

radios to a control center.
4. The method of claim 1, further comprising:
determining a location of a roadway worker along the roadway; and

notifying the roadway worker working on the roadway when the vehicle is

approaching the worker.
. The method of claim 1, further comprising:

determining a location of a roadway worker along the roadway; and
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controlling the vehicle when the vehicle is approaching the roadway worker.

6. The method of claim 1, wherein the vehicle comprises a plurality of cars

each comprising one of the vehicle radios, the method further comprising:
establishing a communication network among the vehicle radios.

7. The method of claim 1, wherein the vehicle comprises a plurality of cars

each comprising one of the vehicle radios, the method further comprising:
counting a number of vehicle radios passing one of the wayside radios; and
determining a number of the cars in the vehicle based on the counting.
8. A system, comprising:
a hardware processor; and

a non-transitory machine-readable storage medium encoded with instructions
executable by the hardware processor to perform any of the methods of claims 1

through 7.

9. A non-transitory machine-readable storage medium encoded with
instructions executable by a hardware processor of a computing component, the
machine-readable storage medium comprising instructions to cause the hardware

processor to perform any of the methods of claims 1 through 7.
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the application.
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