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Claims

1. A method comprising: determining a communication error between a predictive visibility system and one or
more devices associated with a load being transported by a carrier from a source location to a destination
location; determining, by the predictive visibility system, one or more predicted locations of the load while the
predictive visibility system is unable to communicate with the one or more devices or the carrier, wherein the
one or more predicted locations of the load are determined at least partly based on one or more attributes
associated with the load; and generating, by the predictive visibility system, tracking information that identifies
the one or more predicted locations of the load and a trajectory of the load from a current location to the
destination location, the trajectory of the load being based on the one or more predicted locations of the load and
the destination location.

2. The method of claim 1, wherein the trajectory of the load is further based on the one or more attributes
associated with the load.

3. The method of claim 1, further comprising: providing the tracking information to a computing device
associated with a load tracking interface.

4. The method of claim 1, further comprising: providing, to a load tracking interface, a first indication that the
current location of the load comprises an observed location and a second indication that the one or more
predicted locations of the load are location predictions.

5. The method of claim 1, further comprising: determining, by the predictive visibility system, a predicted route
the carrier is predicted to follow when transporting the load to the destination location, wherein the tracking
information further comprises the predicted route.

6. The method of claim 5, wherein the predicted route is determined during the communication error, and
wherein the predicted route is determined based on the destination location and the one or more attributes
associated with the load.

7. The method of claim 5, further comprising: providing, to a load tracking interface, an indication of the
predicted route the carrier is predicted to follow.

8. The method of claim 1, wherein the one or more attributes comprise at least one of an identity of the carrier, a
seasonality, an identity of an industry associated with the load, an identity of a shipper of the load, one or more
load characteristics, and a pickup time associated with the load.

9. The method of claim 8, wherein the one or more load characteristics comprise at least one of a type of load, a
load weight, and a transportation requirement associated with the load.

10. The method of claim 1, further comprising: generating a load tracking interface that displays the tracking
information and a map displaying the current location of the load at a first time and the one or more predicted
locations of the load at one or more additional times.

11. The method of claim 1, further comprising: based on the one or more attributes, predicting a behavior of the
carrier at one or more times while transporting the load to the destination location, wherein the predicted
behavior of the carrier comprises at least one of stopping at one or more locations, traveling at a predicted speed,
changing a traveling velocity and changing a traveling trajectory; and providing, to a load tracking interface, an

https://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&p=1&u=%2FnetahtmI%2FPTO%2Fsearch-adv.html&r=1... 2/21



6/2/22, 12:34 PM United States Patent Application: 0220129844
indication of the predicted behavior of the carrier at the one or more times.

12. A system comprising: one or more processors; and at least one computer-readable medium having stored
thereon instructions that, when executed by the one or more processors, cause the one or more processors to:
determine a communication error between the system and one or more devices associated with a load being
transported by a carrier from a source location to a destination location; determine one or more predicted
locations of the load while the system is unable to communicate with the one or more devices or the carrier,
wherein the one or more predicted locations of the load are determined at least partly based on one or more
attributes associated with the load; and generate tracking information that identifies the one or more predicted
locations of the load and a trajectory of the load from a current location to the destination location, the trajectory
of the load being based on the one or more predicted locations of the load and the destination location.

13. The system of claim 12, wherein the trajectory of the load is further based on the one or more attributes
associated with the load.

14. The system of claim 12, the at least one computer-readable medium having stored thereon instructions that,
when executed by the one or more processors, cause the one or more processors to: provide the tracking
information to a computing device associated with a load tracking interface.

15. The system of claim 12, the at least one computer-readable medium having stored thereon instructions that,
when executed by the one or more processors, cause the one or more processors to: provide, to a load tracking
interface, a first indication that the current location of the load comprises an observed location and a second
indication that the one or more predicted locations of the load are location predictions.

16. The system of claim 12, the at least one computer-readable medium having stored thereon instructions that,
when executed by the one or more processors, cause the one or more processors to: determine a predicted route
the carrier is predicted to follow when transporting the load to the destination location, wherein the tracking
information further comprises the predicted route, and wherein the predicted route is determined during the
communication error.

17. The system of claim 16, the at least one computer-readable medium having stored thereon instructions that,
when executed by the one or more processors, cause the one or more processors to: provide, to a load tracking
interface, an indication of the predicted route the carrier is predicted to follow.

18. The method of claim 1, wherein the one or more attributes comprise at least one of an identity of the carrier,
a seasonality, an identity of an industry associated with the load, an identity of a shipper of the load, one or more
load characteristics, and a pickup time associated with the load, and wherein the one or more load characteristics
comprise at least one of a type of load, a load weight, and a transportation requirement associated with the load.

19. The system of claim 12, the at least one computer-readable medium having stored thereon instructions that,
when executed by the one or more processors, cause the one or more processors to: generate a load tracking
interface that displays the tracking information and a map displaying the current location of the load at a first
time and the one or more predicted locations of the load at one or more additional times.

20. A non-transitory computer-readable storage medium comprising: instructions that, when executed by one or
more processors, cause the one or more processors to: determine a communication error between a predictive
visibility system and one or more devices tracking a location of a load being transported by a carrier from a
source location to a destination location; determine one or more predicted locations of the load while the
predictive visibility system is unable to communicate with the one or more devices or the carrier, wherein the
one or more predicted locations of the load are determined at least partly based on one or more attributes
associated with the load; and generate tracking information that identifies the one or more predicted locations of
the load and a trajectory of the load from a current location to the destination location, the trajectory of the load
being based on the one or more predicted locations of the load and the destination location.
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Description

PRIORITY

[0001] This application is a continuation of U.S. patent application Ser. No. 17/235,744, filed on Apr. 20, 2021,
which is a continuation of U.S. patent application Ser. No. 16/925,306, filed on Jul. 9, 2020, now U.S. Pat. No.
11,017,347, issued on May 25, 2021, the contents of which are hereby expressly incorporated by reference in
their entirety and for all purposes.

TECHNICAL FIELD
[0002] The present disclosure generally relates to freight tracking and predictive visibility data.
BACKGROUND

[0003] Supply chain visibility information, such as freight/load tracking data, generally relies on real-time data
provided by sensors and Internet-of-Things (IoT) devices such as GPS trackers as well as location updates
received from various sources such as shippers or carriers. However, such data is often unavailable, which can
cause gaps or inaccuracies in the supply chain visibility information. For example, such data can become
unavailable, outdated/stale, or erroneous due to various factors such as system integration or failure events,
operational issues, unfavorable weather conditions, incorrect/noisy data points, network connectivity issues, etc.
Unfortunately, these factors are generally not under the control of the provider of such visibility information and
can affect the consistency of the loads that are being tracked and the accuracy or value of tracking information.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] In order to describe the manner in which the various advantages and features of the disclosure can be
obtained, a more particular description of the principles described herein will be rendered by reference to
specific embodiments thereof which are illustrated in the appended drawings. Understanding that these drawings
depict only example embodiments of the disclosure and are not to be considered to limit its scope, the principles
herein are described and explained with additional specificity and detail through the use of the drawings in
which:

[0005] FIG. 1 is a block diagram illustrating an example predictive visibility system for calculating and
providing supply chain visibility for freights or loads, in accordance with some examples of the present
disclosure;

[0006] FIG. 2 is a block diagram illustrating an example environment for implementing a predictive supply
chain platform including a predictive visibility system, in accordance with some examples of the present
disclosure;

[0007] FIG. 3 illustrates an example use of a neural network for generating predicted visibility information for a
load or freight, in accordance with some examples of the present disclosure;

[0008] FIG. 4 illustrates an example map depicting example routes estimated for loads by a predictive visibility
system, in accordance with some examples of the present disclosure;

[0009] FIG. 5A illustrates an example map displaying objects corresponding to predicted visibility information
calculated in a fully constrained environment, in accordance with some examples of the present disclosure;

[0010] FIG. 5B illustrates an example map displaying objects corresponding to predicted and actual visibility
information calculated in a partially constrained environment, in accordance with some examples of the present
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disclosure;

[0011] FIG. 6 illustrates an example method for predicting and providing supply chain visibility, in accordance
with some examples of the present disclosure; and

[0012] FIG. 7 illustrates an example computing device architecture, in accordance with some examples of the
present disclosure.

DETAILED DESCRIPTION

[0013] Certain aspects and embodiments of this disclosure are provided below. Some of these aspects and
embodiments may be applied independently and some of them may be applied in combination as would be
apparent to those of skill in the art. In the following description, for the purposes of explanation, specific details
are set forth in order to provide a thorough understanding of embodiments of the application. However, it will be
apparent that various embodiments may be practiced without these specific details. The figures and description
are not intended to be restrictive.

[0014] The ensuing description provides example embodiments only, and is not intended to limit the scope,
applicability, or configuration of the disclosure. Rather, the ensuing description of the exemplary embodiments
will provide those skilled in the art with an enabling description for implementing an exemplary embodiment. It
should be understood that various changes may be made in the function and arrangement of elements without
departing from the spirit and scope of the application as set forth in the appended claims.

[0015] As previously explained, supply chain visibility information, such as freight/load tracking data, generally
relies on real-time data provided by sensors and IoT devices as well as location updates received from various
sources such as shippers or carriers. However, such data is often unavailable, which can cause gaps or
inaccuracies in the supply chain visibility information. Such data can become unavailable, outdated/stale, or
erroneous due to various factors such as system integration or failure events, operational issues, unfavorable
weather conditions, incorrect/noisy data points, network connectivity issues, etc. Unfortunately, these factors are
generally not under the control of the provider of such visibility information and can affect the consistency of the
loads being tracked and the accuracy or value of the tracking information. Accordingly, there is a need in the art
for an intelligent system that provides predictive, real-time visibility that improves the quality of freight, load,
and/or supply chain tracking data and identifies milestone and other events throughout the journey.

[0016] Disclosed herein are systems, methods, and computer-readable storage media for predicting the visibility
of freights or loads throughout the lane or journey in a constrained environment where tracking updates and/or
location data is unavailable, outdated, and/or incorrect at one or more periods of the journey. In some examples,
the approaches herein can provide a supply chain visibility platform that provides predictive visibility for
freights or loads in a constrained environment where real-time data about a carrier and load is unavailable, such
as GPS data, electronic logging device data, and/or location updates. The supply chain visibility platform can
thus provide predicted visibility information in scenarios where real or actual visibility information (e.g.,
location updates and device/sensor data) is not available or only partial visibility information is available.

[0017] The supply chain visibility platform can include an AI (artificial intelligence) system that predicts the
route a freight or load is going to travel from pickup to delivery and/or throughout a trip from pickup to delivery.
The Al system can predict the route based on information about the load (e.g., load attributes such as the type of
load, the weight of the load, load restrictions/constraints, transportation vehicle for the load (e.g., truck, trailer,
etc.), appointment time, shipment priority, etc.), information about the carrier (e.g., who is transporting the load,
what type of vehicle uses the carrier, etc.), the industry associated with the load (e.g., food, chemical,
pharmaceutical, electronics, clothing, etc.), the shipper of the load, the day/time in which the load is being
transported, information about the source/origin location and/or the destination (e.g., city, state, country, facility,
business hours, distance from source/origin to destination, etc.), historical information (e.g., shipping or carrier
patterns or histories, load patterns or histories, industry patterns or histories, source and/or destination patterns or
histories, historic usage of different lanes, driver's resting and/or driving patterns, etc.), the day/time the load was
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picked up by the carrier, news information, weather information, traffic information, and/or any other relevant
information.

[0018] In addition to route prediction information, the predictive visibility provided by the supply chain
visibility platform can also include driving patterns or behaviors predicted for the load and/or trip. Driving
patterns can include, for example and without limitation, possible rest positions during the trip/journey, a speed
at which the load/carrier is going to travel, the location of the load/carrier at a future time, etc. In some cases, the
predictive visibility can also include other predicted information such as, for example, information about
potential conditions encountered by the load/carrier during the trip (e.g., traffic conditions, road conditions, path
conditions, potential delays, rerouting conditions, weather conditions, hazards, carrier or vehicle conditions, load
conditions, etc.), potential status information at a future time, etc.

[0019] The supply chain visibility platform can include a presentation and/or notification element for presenting
or providing predicted visibility information. For example, the supply chain visibility platform can include an
interface, a website or webpage, an application, a messaging system, an application programming interface
(API), a presentation service, etc., which can present, render, and/or otherwise provide or transmit predicted
visibility information to requesting devices. In some cases, the supply chain visibility platform can present or
render predicted visibility information in one or more formats and/or content items such as, for example, in a
table, a chart, a map, a video, a text message, a web page, a file, a list, an email, a graphical rendering, etc. In
some cases, the supply chain visibility platform can present/display and/or project actual visibility information
obtained in addition to the predicted visibility information. For example, the supply chain visibility platform can
present/display and/or project a difference between predicted visibility information calculated and actual
visibility information obtained.

[0020] FIG. 1 illustrates an example predictive visibility system 100 for calculating and providing supply chain
visibility for freights/loads. As further described herein, the predictive visibility system 100 can implement or
represent a supply chain visibility platform and can provide various advantages such as tracking, predicting and
providing real-time visibility information even in the absence of (or with limited) location updates/data from
location providers or devices; providing estimated time of arrivals of shipments in the absence of (or with
limited) location updates/data; improving a consistency and reliability of tracking information; providing
estimated hours of service in the absence of location (or with limited) updates, providing estimated rest points in
the absence of (or with limited) location updates/data, predicting points of interest in the absence of (or with
limited) location updates/data, etc.

[0021] In the example shown in FIG. 1, the predictive visibility system 100 includes a storage 108, compute
components 110, a processing engine 120, an AI/ML engine 122, a mapping engine 124, and a presentation
engine 126. However, it should be noted that the example components shown in FIG. 1 are provided for
illustration purposes and, in other examples, the predictive visibility system 100 can include more or less
components (and/or different components) than those shown in FIG. 1.

[0022] The predictive visibility system 100 can be part of a computing device or multiple computing devices. In
some examples, the predictive visibility system 100 can be part of an electronic device (or devices) such as a
server, a content delivery system, a host machine in a network such as a cloud network, a computer in a vehicle,
a computer, or any other suitable electronic device(s). In some examples, the predictive visibility system 100 can
be or include a software service and/or virtual instance hosted on a datacenter or network environment. For
example, the predictive visibility system 100 be implemented by, or as part of, one or more software containers
hosted on a datacenter or cloud, virtual machines hosted on a datacenter or cloud, functions (e.g., function-as-a-
service, virtualized function, etc.) hosted on one or more execution environments or hosts on a datacenter or
cloud, etc.

[0023] In some cases, the predictive visibility system 100 can be implemented in a distributed fashion across one
or more networks or devices. For example, the predicted visibility system 100 can be a distributed system
implemented by, or hosted on, one or more hosts and/or infrastructure components/devices on one or more
clouds, datacenters, networks, and/or compute environments.
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[0024] In some implementations, the storage 108, the compute components 110, the processing engine 120, the
AI/ML engine 122, the mapping engine 124, and/or the presentation engine 126 can be part of the same
computing device. For example, in some cases, the storage 108, the compute components 110, the processing
engine 120, the AI/ML engine 122, the mapping engine 124, and/or the presentation engine 126 can be
implemented by a server computer. However, in some implementations, the storage 108, the compute
components 110, the processing engine 120, the AI/ML engine 122, the mapping engine 124, and/or the
presentation engine 126 can be part of two or more separate computing devices.

[0025] The storage 108 can be any storage device(s) for storing data, such as predicted visibility information
(e.g., route or state estimates, driving/transportation behavior, temporal-spatial information, etc.), actual
visibility information (e.g., status updates, sensor data, actual pings, etc.), historical information, reports,
mapping data, information collected from one or more sources, statistics, files, data objects, profiles, carrier
information, shipper information, industry information, load or freight information, requirements or constraints,
preferences, etc. Moreover, the storage 108 can store data from any of the components of the predictive visibility
system 100. For example, the storage 108 can store data or calculations (e.g., processing parameters, predictive
outputs, processing results, generated content, algorithms, etc.) from the compute components 110, the
processing engine 120, and/or the AI/ML engine 122, data or content from the mapping engine 124 (e.g., maps,
routes, previews, etc.), and/or data or content from the presentation engine 126 (e.g., outputs, renderings,
interface content, web page content, message content, etc.).

[0026] In some implementations, the compute components 110 can include a central processing unit (CPU) 112,
a graphics processing unit (GPU) 114, a digital signal processor (DSP) 116, an application-specific integrated
controller (ASIC) 118, and/or one or more other processing devices or controllers. It should be noted that the
compute components 110 shown in FIG. 1 are provided for illustration purposes and, in other examples, the
predictive visibility system 100 can include more or less (and/or different) compute components than those
shown in FIG. 1.

[0027] The compute components 110 can perform various operations such machine learning and/or Al
operations, predictive estimates or calculations, graphics rendering, content delivery, data processing, object or
feature recognition, data mining, tracking, filtering, mapping operations, messaging operations, content
generation, and/or any of the various operations described herein. In some examples, the compute components
110 can implement the processing engine 120, the AI/ML engine 122, the mapping engine 124, and/or the
presentation engine 126. In other examples, the compute components 110 can also implement one or more other
processing engines and/or software services.

[0028] Moreover, the operations performed by the processing engine 120, the AI/ML engine 122, the mapping
engine 124, and/or the presentation engine 126 can be implemented by one or more of the compute components
110. In one illustrative example, the processing engine 120, the one or more AI/ML engine 122, and/or the
mapping engine 124 (and associated operations) can be implemented by the CPU 112, the DSP 116, and/or the
ASIC 118, and the presentation engine 126 (and associated operations) can be implemented by the CPU 112
and/or the GPU 114. In some cases, the compute components 110 can include other electronic circuits or
hardware, computer software, firmware, or any combination thereof, to perform any of the various operations
described herein.

[0029] In some cases, the compute components 110 can generate and/or provide a user interface (UI) or content
item for presenting/displaying/rendering predicted visibility information calculated for freights/loads, as well as
actual visibility information. The predicted visibility information can include, for example, estimated or
predicted routes, driving patterns or behaviors (e.g., rest positions, speed of travel, stops, deviations, time of
arrival, acceleration information, state information, status information, etc.), predicted locations (e.g., predicted
location at one or more times), tracking visualizations, notifications, etc. In some examples, the Ul can also
present actual visibility information obtained at one or more periods during the journey. In some examples, the
compute components 110 can provide such information via the presentation engine 126.
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[0030] In some examples, the compute components 110 can provide predictive visibility for freights in a
constrained environment where there is no real-time data about the carrier, such as GPS (global position system)
or ELD (electronic logging device) data or location updates. In some examples, the processing engine 120
implemented by the compute components 110 can predict, in prior, the route a freight or load is going to travel
from a pickup location to a delivery destination and/or the location of the freight or load at one or more times,
based information obtained or collected by the processing engine 120, such as any load information including
one or more attributes of the load and/or trip. The attributes of the load and/or trip may include, for example, the
carrier transporting the load, the industry to which the item being carried can be categorized to, the shipper of
the load, the day/time at which the load is being carried, delivery preferences and/or constraints, load
characteristics and/or requirements, the distance between the pickup location and the delivery destination, the
geographic region(s) associated with the trip, seasonality characteristics (e.g., a season associated with the trip),
etc.

[0031] For example, the processing engine 120 can information about the vehicle (e.g., truck, airplane, ship,
etc.) used by the carrier, which can suggest potential traveling speeds of the carrier or certain paths/regions the
carrier may not be able/allowed to travel (e.g., a large truck may be prohibited from travel on certain roads or
areas); previous transportation patterns of that carrier; the industry associated with the load, which may indicate
certain paths or regions that the carrier may not be able or allowed to travel (e.g., because of regulations
associated with the industry or requirements associated with products in that industry); information about a load,
such as the weight of the load or constraints for transporting the load (e.g., climate or timing constraints for
perishable goods, regulations for chemicals, etc.); statistics for similar loads (e.g., what routes those loads
traveled, what patterns exist in previous trips with similar loads, etc.); a season associated with the trip, and so
forth. The processing engine 120 can use this information to predict the route the load will travel even without
real-time data about the carrier or load.

[0032] For example, the processing engine 120 can predict that the load may or may not travel a certain path
because of regulations or constraints affecting what path(s) or route(s) the carrier and/or load can travel and/or
what path(s) or route(s) the carrier and load are likely to travel. The processing engine 120 can then predict a
route for the load even without real-time data about the carrier and load. To illustrate, the processing engine 120
can determine that the carrier's vehicle is not allowed to travel in a number of possible roads or areas but is
allowed to travel in a number of other possible other roads or areas. The processing engine 120 can also
determine that the type of load carried cannot travel in some of the possible roads or areas that the vehicle of the
carrier is allowed to travel. The processing engine 120 can also determine that the type of load has certain timing
or climate requirements that would likely cause the carrier to travel the fastest route, the cheapest route, or a
route having a certain climate, landscape or weather.

[0033] Moreover, the processing engine 120 may analyze a history of previous loads from the particular shipper
to identify additional information, such as information about the carrier often used by that shipper and/or for that
type of load (e.g., certain carriers having a temperature-controlled vehicle if the load has temperature
requirements, certain carriers having a vehicle that can transport a certain type of chemical included in the load,
certain carriers that can transport loads as large as the load being transported, etc.). The processing engine 120
may also review a history of previews trips by that carrier and/or for similar loads and identify certain route
patterns. Based on some or all of this information above (and/or any other relevant information), the processing
engine 120 may identify a most-probable route that the carrier with the load will travel and/or a ranked list of
possible routes that the carrier of the load will travel. The processing engine 120 can then generate a prediction
output identifying the predicted route for the load.

[0034] In some aspects, the processing engine 120 can generate predicted visibility information that not only
includes the route a load is traveling (or is predicted to travel) but also predicted driving pattern(s) or behavior(s)
such as possible rest positions, the speed at which the load is going to travel, the location at which the load will
be at a specific time, a predicted time of arrival, etc. For example, the processing engine 120 may analyze timing
requirements of the load, such as a required trip duration for the load; temperature requirements for the load;
paths or areas in which the carrier's vehicle and/or the load is/are not allowed to travel; transportation
requirements for the load; previous patterns of the carrier; previous patterns associated with similar loads; etc.
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The processing engine 120 can use such information to predict that the carrier will increase its speed of travel or
take a different trajectory (e.g., to meet certain timing requirements), the carrier will stop at a specific rest point
to avoid traveling through a certain path at certain hours prohibited for that type of load, stop at a nearby
refueling station to accommodate for higher fuel consumption requirements associated with the vehicle used by
that carrier, etc.

[0035] Moreover, the processing engine 120 can generate such information and operate on scenarios where there
is no real/actual or accurate visibility information or there is only partial real/actual or accurate visibility
information. For example, the processing engine 120 can generate such information and operate in scenarios
where there are only limited real-time data updates (e.g., only at limited times and/or locations during the trip)
about the carrier or load available. Real/actual visibility information can be obtained from one or more sources
such as, for example, one or more GPS devices, ELD devices, a shipper/carrier/third party (e.g., location updates
from the shipper, carrier, or a third party), the Internet, electronic devices (e.g., smartphones, tracking devices,
laptops, tablet computers, servers, etc.), device pings, data web scrapping, API endpoints, news reports, users,
computers on vehicles, smart devices, and/or any other sources.

[0036] In some cases, real/actual visibility information can be used, when available, to supplement any predicted
visibility information calculated for a load and/or freight. Moreover, in some cases, real/actual visibility
information can be used, when available, to generate outputs differentiating predicted and real/actual visibility
information. For example, in some aspects, the processing engine 120 can generate and the presentation engine
126 can surface (e.g., via a UI) and project a difference between predicted visibility information and real/actual
visibility pings. Moreover, the processing engine 120 can generate predicted visibility information relating to
various use cases such as, for example, rest positions, tempo-spatial information (e.g., check calls), acceleration,
detours, re-routes, route conditions, etc.

[0037] In some examples, the processing engine 120 can implement the AI/ML engine 122 to predict, in prior,
the route a freight or load is going to travel from a pickup location to a delivery destination and/or generate the
predicted visibility information. In some cases, the AI/ML engine 122 can implement one or more neural
networks, such as a recurrent neural network, to predict the route of the freight or load and/or generate the
predicted visibility information. In other cases, the AI/ML engine 122 can implement other techniques to predict
the route of the freight or load and/or generate the predicted visibility information. For example, the AI/ML
engine 122 can use sequence modelling, learning, prediction (e.g., using Al), and/or other techniques to predict
the route of the freight or load and/or generate the predicted visibility information. In some cases, the AI/ML
engine 122 can use Markov chains, tensor factorization, dynamic Bayesian networks, conditional random fields,
etc., to predict the route of the freight or load and/or generate the predicted visibility information.

[0038] The mapping engine 124 can generate maps and/or mapping information to calculate and/or present
visibility information (predicted and/or real/actual). For example, the mapping engine 124 can store maps and
generate route previews and/or visibility information in specific maps associated with a trip. The mapping
engine 124 can generate route previews and/or visibility information in maps based on data and calculations
generated by the processing engine 120. In some cases, the mapping engine 124 can maintain and/or manage
mapping data such as possible routes, directions, landmarks, locations, geographic information, addresses,
distance information, three-dimensional renderings, route previews, landscapes, road/street names, etc.

[0039] While the predictive visibility system 100 is shown to include certain components, one of ordinary skill
will appreciate that the predictive visibility system 100 can include more or fewer components than those shown
in FIG. 1. For example, the predictive visibility system 100 can also include, in some instances, one or more
memory devices (e.g., RAM, ROM, cache, and/or the like), one or more networking interfaces (e.g., wired
and/or wireless communications interfaces and the like), one or more display devices, and/or other hardware or
processing devices that are not shown in FIG. 1. An illustrative example of a computing device and hardware
components that can be implemented with the predictive visibility system 100 is described below with respect to
FIG. 7.

[0040] FIG. 2 illustrates an example environment 200 for implementing a predictive supply chain platform
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including a predictive visibility system 100. In this example, the environment 200 includes the predictive
visibility system 100 for calculating and providing predicted visibility information to client devices 222-226.
The predictive visibility system 100 can be hosted, implemented, and/or owned by a visibility data provider 210.
The visibility data provider 210 can include, for example, one or more entities that provide supply chain
management and/or visibility services such as those described herein.

[0041] Moreover, the predictive visibility system 100 can communicate with the client devices 222-226 over a
network 202. The network 202 can include one or more private and/or public networks, such as one or more
local area networks (LANSs), wide area networks (WANSs), cloud networks (private and/or public), on-premises
datacenters, virtual private networks (VPNs), and/or any other type(s) of network(s).

[0042] The client devices 222-226 can include any electronic devices used by visibility data consumers 220,
such as users and/or customers of the visibility data provider 210, to communicate with the predictive visibility
system 100 and obtain associated data and services, as further described herein. For example, the client devices
222-226 can include a laptop computer, a tablet computer, a smartphone, a desktop computer, a server, an
internet-of-thing (IoT) device, a smart or autonomous vehicle (e.g., a computer on an autonomous vehicle), a
mobile device, etc. In some examples, the client devices 222-226 can access information and services provided
by the predictive visibility system 100, such as predictive and/or real/actual visibility information, via the
network 202. In some cases, the client devices 222-226 and/or the visibility data consumers 220 can also provide
information to the predictive visibility system 100. For example, the client devices 222-226 can provide location
and/or status updates to the predictive visibility system 100 when such location and/or status updates are
available and/or when the client devices 222-226 have sufficient connectivity (e.g., via the network 202 and/or
any other means) to provide such information to the predictive visibility system 100. The predictive visibility
system 100 can use such information to provide real/actual visibility information, calculate predicted visibility
information, etc.

[0043] In some cases, the predictive visibility system 100 can obtain information from one or more data sources
204, which the predictive visibility system 100 can use to provide supply chain visibility information, such as
predictive and/or real/actual visibility information. Such information can include, for example and without
limitation, information about a load (e.g., load attributes such as the type of load, the weight of the load, load
restrictions/constraints; delivery parameters; carrier; shipper; industry; shipment priority; appointment time;
etc.), information about a carrier (e.g., carrier identity, carrier history, carrier statistics, carrier preferences,
carrier profile, type of transportation vehicle, etc.), information about an industry (e.g., industry profile, industry
preferences, industry statistics, industry requirements, industry constraints, etc.), information about a shipper
(e.g., shipper identity, shipper history, shipper statistics, shipper preferences, shipper profile, etc.), historical
information (e.g., shipping or carrier patterns or histories, load patterns or histories, industry patterns or
histories, source and/or destination patterns or histories, router patterns or histories, etc.), mapping data, traffic
data, weather data, news information, agency reports, order information, regulations, location information,
tracking parameters, notifications, cost information, supply chain information, potential delays or hazards, trip
information, sensor data (e.g., GPS data, ELD data, image sensor data, acceleration measurements, velocity,
radar data, etc.), distance between an origin and destination location, and/or any other relevant information.

[0044] In some examples, the predictive visibility system 100 can receive at least some of such information from
the one or more sources 204 via the network 202 and/or a separate communication path such as a separate
network, a direct connection (wired or wireless) connection, an out-of-band link/connection, and/or any other
mechanism or path. In some examples, the predictive visibility system 100 can receive some of such information
from the client devices 222-226 and/or the visibility data consumers 220. The one or more sources 204 can
include, for example, the Internet, a news source, a government agency, a sensor or electronic device (e.g., a
GPS device, an ELD device, etc.), a database, a data portal, a data repository, an email system, an API endpoint,
etc.

[0045] While the example environment 200 is shown to include certain devices and entities, one of ordinary skill
will appreciate that the example environment 200 is only one illustrative example and can include more or fewer
devices and/or entities than those shown in FIG. 2.
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[0046] FIG. 3 illustrates an example configuration 300 of a recurrent neural network (RNN) that can be
implemented by the AI/ML engine 122 and/or the processing engine 120. In some cases, the RNN can be
implemented to calculate supply chain visibility information such as predicted visibility information. For
example, the RNN can be implemented to predict routes, predict carrier or transportation patterns or behaviors
(e.g., rest positions, acceleration, detours, stops, velocity, future locations, etc.), predict time of arrivals, predict
supply chain or trip conditions, predict alternate routes, etc. In some examples, the RNN can perform such
predictions in the absence of (or with limited or partial) actual/real updates and/or location or status information.
For example, the RNN can make such predictions during and/or after system failures, operational issues,
unfavorable weather conditions, incorrect or noisy data points, network or communication failures, etc.

[0047] The RNN can be well-suited to deal with sequential data such as, for example, supply chain visibility
information (e.g., predictive and/or real/actual visibility information) as described herein and/or any other
spatially and/or temporally organized data. The RNN can process such data to generate predicted visibility
information, as further described herein. In the example configuration 300, the RNN can process input data
302A, 302B, and 302C (collectively "302") via one or more hidden layers 304A, 304B, 304C, to generate
outputs 306A, 306B, and 306C. The input data 302 can include, for example, load information (e.g., load
attributes), carrier information, shipper information, delivery constraints, trip details, time information, statistics,
a pickup location, a delivery destination, a pickup time, map information, load industry information, customer
preferences, shipper preferences, weather information, seasonal information, etc. In some examples, the input
data 302A, 302B, and 302C be temporally and/or spatially ordered.

[0048] The hidden layers 304A, 304B, 304C can apply specific activation functions to the input data 302A,
302B, 302C to generate the outputs 306A, 306B, 306C. The hidden layers 304A, 304B, 304C can have specific
weights and biases which can include a set of parameters derived from a training of the RNN. The weights or
biases can include a numeric value (e.g., a numeric weight or bias) that can be tuned, allowing the RNN to be
adaptive to inputs and able to learn as more data is processed.

[0049] At time step t-1, input 302A can be fed into hidden layer 304A, which can generate an output 306A
based on the input 302A. The hidden layer 304A can calculate its current state at time step t-1 based on the input
302A. At time step t, the hidden layer 304B can calculate its current state (e.g., output 306B) based on the input
302B at time step t and the previous state at time step t-1 (e.g., output 306A). At time step t+1, the hidden layer
304C can calculate its current state (e.g., output 306C) based on the input data 302C at time step t+1 and the
previous state at time step t (e.g., output 306B). Once all the time steps are completed, the RNN uses the final
current state to calculate the final output. In this way, the RNN can process sequential data, memorizing each
previous output and using the previous state when calculating a next current state.

[0050] Thus, the RNN structure can allow a current function and/or state to account for past data. In one
illustrative example, the RNN can generate a final output that provides, based on the input data 302, one or more
predicted routes, predicted transportation or driving patterns, predicted carrier behaviors, predicted supply chain
events or conditions, and/or any other predicted visibility information as described herein.

[0051] While the example above describes a use of an RNN to generate predicted visibility information, it
should be noted that this is just an illustrative example provided for explanation purposes and, in other examples,
the RNN can also be used for other tasks. It should also be noted that, in other examples, the approaches can
implement other techniques (either in addition to, or in lieu of, implementing an RNIN) and/or network/modeling
architectures to generate predicted visibility information. For example, as further described herein, in some
examples, the disclosed approaches can use sequence modelling, learning, prediction (e.g., using Al), and/or
other techniques to generate the predicted visibility information. In some cases, disclosed approaches can use
Markov chains, tensor factorization, dynamic Bayesian networks, conditional random fields, and/or any other
modelling, learning, and/or prediction techniques, to generate the predicted visibility information. Moreover, in
some cases, other types of neural networks can be implemented in addition to, or in lieu of, the RNN in FIG. 3
such as, for example and without limitation, an autoencoder, deep belief nets (DBNs), a convolutional neural
network (CNN), etc.
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[0052] FIG. 4 illustrates an example map 402 depicting example routes 410-418 estimated for loads by the
predictive visibility system 100. The predictive visibility system 100 can predict the routes 410-418 for the loads
from a source location 404 (e.g., pickup location) of the loads to a delivery destination 406 for the loads. In
some examples, the predictive visibility system 100 can use the AI/ML engine 122 to predict the routes 410-418.

[0053] In some examples, the predictive visibility system 100 can predict (e.g., via the AI/ML engine 122) the
routes 410-418 based on load attributes. The load attributes associated with a load can include, for example, a
type of load, load characteristics (e.g., weight, size, delivery requirements, handling requirements, etc.),
information about the carrier transporting the load (e.g., carrier profile, carrier statistics, carrier reports, carrier
history, carrier characteristics, carrier patterns, etc.), information about the shipper of the load (e.g., shipper
profile, shipper statistics, shipper reports, shipper history, shipper characteristics, shipper preferences, etc.),
information about the industry associated with the load (e.g., the type of industry, industry requirements,
industry regulations, industry patterns, industry characteristics, industry profile, industry reports, industry
statistics, etc.), an indication of the pickup location 404, an indication of the pickup date/time, an indication of
the delivery destination 406, trip preferences, etc.

[0054] Moreover, the predictive visibility system 100 can predict the routes 410-418 without actual or observed
location or status information for the loads or with only partial location or status information for the loads. For
example, the predictive visibility system 100 can predict the routes 410-418 and future times of the loads
without (or with limited) location information or updates for the loads, and can predict route segments before the
load have reached any portion of such route segments.

[0055] As shown in FIG. 4, the estimated routes 410-418 for the loads can vary based on different load
attributes. For example, the predictive visibility system 100 can predict route 410 for Shipper 1 and Carrier 1,
route 412 for Shipper 1 and Carrier 2, route 414 for Carrier 2 and the food industry, route 416 for Carrier 1 and
load type 1, and route 418 for Carrier 2 and the fertilizer industry. Here, the routes 410-418 vary based on
differences between the carriers, shippers, industries, and load types associated with the loads corresponding to
the routes 410-418. The carriers, shippers, industries and load types can influence or impact the routes 410-418
for various reasons.

[0056] For example, the specific industry and/or type of a load can have specific requirements, preferences, or
regulations that can influence the route for that load, such as specific temperature, climate, lane, geographic,
regional, timing, zoning (e.g., rural, urban, etc.), handling, and/or other requirements, preferences or regulations.
As another example, the specific shipper and/or carrier of a load can have specific requirements, preferences,
regulations, historical patterns, constraints, and/or other conditions or characteristics that may influence the route
for a load. Thus, these example factors can lead to different predicted routes for a load. Such predicted routes
can reflect the most likely/probable route or trajectory estimated for a respective load and/or the route or
trajectory estimated to yield the best performance (e.g., best timing, best cost, best reliability, safest, etc.) for the
respective load.

[0057] In some examples, the predictive visibility system 100 can estimate a single route for each load. For
example, the predictive visibility system 100 can estimate the most likely/probably and/or highest performing
route for a load. In other examples, the predictive visibility system 100 can estimate multiple routes for each
load. For example, the predictive visibility system 100 can predict multiple alternative routes for a load
estimated to have specific characteristics, such as specific performance characteristics, specific probabilities,
specific preferences, etc. In some cases, the predictive visibility system 100 can rank or prioritize the multiple
alternative routes and provide such rankings or priorities and/or use them to select a single route for the load.

[0058] In some cases, the predictive visibility system 100 can present or make available additional information
about the routes 410-418. For example, the predictive visibility system 100 can provide statistics, probabilities,
characteristics, descriptions, predictions, etc., for the routes 410-418 and/or one or more points/locations along
the routes 410-418. In some examples, the routes 410-418 presented on the map 402 can be interactive. For

example, a user can select a route or a point in a route to access additional information about that route or point
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in the route, such as location information, path information, descriptions, landmarks, statistics, events,
conditions (e.g., traffic, weather, temperature, lane closings, etc.), zoning information, landscape information,
estimated times (e.g., time of arrival, duration, distance, etc.), map information, etc. The predictive visibility
system 100 can then present or render such information. As another example, the user can select a route or point
in a route to configure a specific action associated with that route or point in the route. To illustrate, the user can
select a point along a route to configure a status check or ping when the load is predicted and/or observed at that
point along the route.

[0059] In some examples, the predictive visibility system 100 can update or change a route after a trip has
started even without additional location information for the load. For example, the predictive visibility system
100 can recalculate a route prediction based on load attributes and/or events associated with a route and without
location updates (e.g., GPS or ELD updates) or an indication from the carrier of the carrier's current location
and/or intended route, to predict a different or updated route.

[0060] FIG. 5A illustrates an example map 502 displaying objects 510 corresponding to predicted visibility
information calculated in a fully constrained environment. As used herein, a fully constrained environment can
include an environment and/or scenario where actual visibility information for a load is unavailable. Actual
visibility information can include real, observed and/or real-time data about the carrier and/or load, such as
location updates from a device (e.g., location updates from a GPS and/or ELD device), location updates from a
carrier of the load, updates from a carrier of the load indicating an intended trajectory or behavior (e.g., stopping,
resting, changing course, etc.) of the carrier. In some examples, actual visibility information can include real-
time data about the carrier, such as real-time data about a location of the carrier, a status of the carrier, a behavior
of the carrier, a trajectory of the carrier, an intended behavior and/or trajectory of the carrier, the load carried by
the carrier, etc. Such actual visibility information can be unavailable due to one or more reasons such as, for
example, communication failures/issues, system failures/issues, incorrect/noisy data points, operational issues,
unfavorable weather conditions, etc.

[0061] The predicted visibility information can be calculated by the predictive visibility system 100 despite the
lack of actual visibility information in the fully constrained environment. Thus, the predictive visibility system
100 can calculate the predicted visibility information despite a lack of observed location data points and an
indication from the carrier of the carrier's current and intended/future location and trajectory. The objects 510
displayed on the map 502 can represent, contain, and/or provide the predicted visibility information.

[0062] In some cases, predicted visibility information associated with the objects 510 can be calculated for one
or more points (e.g., locations, regions, landmarks, etc.) along a route from an origin location 504 of a load to a
destination 506 of the load. For example, predicted visibility information can be calculated for or at various
points on the map 502 and along the route from the origin location 504 to the destination location 506. The
objects 510 can be displayed at such points on the map 502 and can reflect and/or provide respective predicted
visibility information calculated for the points on the map 502 where such objects 510 are presented. Predicted
visibility information associated with an object (510) and calculated for a point along a route or the route as a
whole can include, for example, an indication of a predicted location of the load at a future time, an indication of
a predicted behavior (e.g., stopping at a rest point, changing course, refueling, accelerating, decelerating, etc.) of
the carrier at a future time, a predicted time of arrival of the load at the destination 506 and/or one or more future
locations, a predicted event associated with the trip (e.g., a delay, a change of course, etc.), etc.

[0063] As previously noted, predicted visibility information can be calculated for one or more points along a
route and reflected or provided by objects 510 associated with those points and their corresponding predicted
visibility information. In some examples, predicted visibility information can be calculated for or at specific time
times and/or time intervals (e.g., every n number of seconds, minutes, hours, days, etc.), for or at specific future
predicted locations along the path, for or at specific estimated distances traveled, for or at specific events (e.g.,
weather events, traffic events, local events, etc.), and/or at any other points or periods. An object 510 can then be
displayed on the map 502 at each point associated with the predicted visibility information calculated. The
object 510 can provide respective, predicted visibility information calculated for the point on the map 502 where
the object 510 is displayed.
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[0064] For example, if predicted visibility information is calculated for every 15 minutes along a route, an object
510 containing and/or reflecting the predicted visibility information calculated at or for each of the 15 minute
increments can be displayed on the map 502. Such object 510 can be displayed at a specific location along the
map 502 corresponding to when the predicted visibility information associated with that object 510 was
calculated or a predicted location (e.g., an estimated location at a future time) included in the predicted visibility
information.

[0065] The objects 510 can include any visual/graphical objects rendered on the map 502, such as a pin, a tag, a
cloud, a note, a frame or interface element, a thumbnail, a notification, a message, a link, a visual pattern, a
shape, etc. In the example shown in FIG. 5A, the objects 510 are illustrated as pins dropped on the map 502.

[0066] In some examples, the objects 510 can be interactive. For example, a user can select an object 510 to
request, receive, access, and/or display additional predicted visibility information associated with that object
510. To illustrate, a user can select an object 510 to trigger a presentation of a pop-up window 512 presenting the
additional predicted visibility information associated with that object 510. The additional predicted visibility
information can include, for example, predicted state information (e.g., location details, trajectory details, carrier
status, load status, logged events and/or activity, etc.), notifications, alerts, carrier information, load information,
a timestamp, etc.

[0067] With reference to FIG. 5B, in addition to displaying objects 510 corresponding to predicted visibility
information, in some cases involving a partially constrained environment, the map 502 can also display objects
530 corresponding to actual visibility information.

[0068] As used herein, a partially constrained environment can include an environment and/or scenario where
only partial (or limited) actual visibility information for a load is available. For example, in a partially
constrained environment, the predictive visibility system 100 may obtain one or more updates from a device or
carrier (e.g., location updates, indications of an actual or intended trajectory or behavior, etc.) but may not have
sufficient updates to determine an actual and/or intended route, trajectory, and/or behavior of the load (or the
carrier of the load) for (or during) one or more segments of a route to be able to track or observe an
actual/real/observed route, trajectory, and/or behavior of the carrier of the load (and the load). As another
example, in a partially constrained environment, the predictive visibility system 100 may only be able to obtain
real-time data about the carrier at limited times during the trip.

[0069] However, as described herein, despite the partial (or limited) availability of actual information in the
partially constrained environment, the predictive visibility system 100 can nevertheless predict the route (or any
portions thereof), trajectory (or any portions thereof), and/or behavior/pattern of a carrier and the load carried by
the carrier for any portions of the route of the load lacking actual visibility information, any periods during the
trip lacking visibility information, and/or the route or trip as a whole. In some examples, the predictive visibility
system 100 can use the AI/ML engine 122 to make such predictions based on any of the various
factors/attributes described herein. The predictive visibility system 100 can then provide the predicted visibility
information calculated via a map (502) as shown in FIG. 5B.

[0070] As illustrated in FIG. 5B, in addition to displaying objects 510 corresponding to predicted visibility
information on the map 502, the predictive visibility system 100 can also display objects 530 corresponding to
actual visibility information. In some cases, actual visibility information associated with the objects 530 can be
obtained (e.g., from one or more devices and/or the carrier) when the carrier of the load is at one or more points
(e.g., locations, regions, landmarks, etc.) along a route. The objects 530 can be displayed at such points on the
map 502 and can reflect and/or provide respective actual visibility information associated with those points on
the map 502. In some cases, actual visibility information associated with the objects 530 can alternatively or
additionally be obtained at certain periods or intervals of time during the trip. The objects 530 can be displayed
at points on the map 502 corresponding to the actual location of the carrier on the map 502 as identified in the
actual visibility information associated with such objects 530.
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[0071] Actual visibility information associated with an object (530) can include real and/or observed
measurements or state information such as GPS measurements, ELD data, updates reported by the carrier, etc. In
some cases, actual visibility information can include, for example, an indication of an actual/observed location
of a load at a specific time, an indication of an actual/observed behavior (e.g., stopping at a rest point, changing
course, refueling, accelerating, decelerating, etc.) of the carrier at a specific time, an actual/observed real
trajectory of the carrier/load, an actual/observed event that occurred during the trip (e.g., a delay, a change of
course, a crash, etc.), etc.

[0072] As previously noted, actual visibility information can be obtained when the carrier of the load is located
at (or passing) one or more points along a route, at specific time times and/or time intervals (e.g., every n
number of seconds, minutes, hours, days, etc.) during the trip, at specific events (e.g., weather events, traffic
events, local events, etc.) during the trip, and/or at any other time when actual visibility information is available
and/or accessible (e.g., when the carrier, a location sensor and/or a location device such as a GPS or ELD device
can communicate with the predictive visibility system 100).

[0073] An object 530 can then be displayed on the map 502 at each point associated with the actual visibility
information. The object 530 can provide respective, actual visibility information at that point on the map 502
where the object 530 is displayed. For example, if actual visibility information is obtained from the carrier or a
GPS device of the carrier at locations A, B, and C along a route, an object 530 containing and/or reflecting the
actual visibility information for locations A, B, and C can be displayed on the map 502 at points on the map 502
corresponding to locations A, B, and C.

[0074] The objects 530 can include any visual/graphical objects rendered on the map 502, such as a pin, a tag, a
cloud, a note, a frame or interface element, a thumbnail, a notification, a message, a link, a visual pattern, a
shape, etc. In the example shown in FIG. 5B, the objects 530 are illustrated as pins dropped on the map 502.

[0075] In some examples, the objects 530 can be interactive. For example, a user can select an object 530 to
request, receive, access, and/or display actual visibility information associated with that object 530. To illustrate,
a user can select an object 530 to trigger a presentation of a pop-up window 532 presenting the actual visibility
information associated with that object 530 (and/or the location on the map 502 where the object 530 is
displayed). The actual visibility information provided in pop-up window 532 can include, for example, an
actual/observed state (e.g., location, trajectory, carrier status, load status, logged events and/or activity, etc.),
notifications, alerts, carrier information, load information, a timestamp, etc.

[0076] In some cases, the predictive visibility system 100 can provide information comparing and/or combining
actual visibility information and predicted visibility information. For example, the predictive visibility system
100 can provide an indication of one or more actual/observed locations of the carrier of the load and an
indication of one or more predicted locations of the carrier of the load before and/or after the one or more
actual/observed locations of the carrier of the load.

[0077] Having disclosed example systems and concepts, the disclosure now turns to the example method 600 for
predicting and providing supply chain visibility shown in FIG. 6. The steps outlined herein are examples and can
be implemented in any combination thereof, including combinations that exclude, add, or modify certain steps.

[0078] At block 602, the method 600 can include determining (e.g., via the predictive visibility system 100), one
or more attributes associated with a load being transported by a carrier from a source location (e.g., 404, 504) to
a destination location (e.g., 406, 506). In some examples, the one or more attributes can include an identity of
the carrier, an identity of an industry (e.g., food, pharmaceutical, fertilizer, agriculture, aviation, etc.) associated
with the load, an identity of a shipper of the load, one or more load characteristics (e.g., weight, size, shape, type
of load, load restrictions, load delivery requirements, load handling requirements, load preferences, shipment
priority, appointment time, etc.), and/or a pickup time associated with the load (e.g., a day/time when the carrier
picked up the load).

[0079] In some examples, the one or more attributes can include other information about the carrier, the shipper,
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and/or the industry such as preferences, a profile, statistics, descriptive details, contractual details, regulatory
details, constraints, etc. In some cases, the one or more load characteristics can include a type of load, a load
weight, and/or a transportation requirement associated with the load. For example, in some cases, the one or
more attributes can include an appointment time, a transportation vehicle (e.g., a truck, a trailer, etc.), a shipment
priority, a pallet weight and/or size, a type of good, origin and/or destination attributes (e.g., a city, state, country,
facility, business hours, etc.), a weather and/or traffic pattern, a historic usage of different lanes, a driver's
driving and/or resting pattern in those lanes, business hours at an origin and/or destination, business hours at a
stop or rest location, a total distance of a lane from the source to destination location, etc.

[0080] At block 604, the method 600 can include predicting (e.g., via the predictive visibility system 100), based
on the one or more attributes associated with the load, a route (e.g., 410, 412, 414, 416, 418) the carrier will
follow when transporting the load to the destination location. In some cases, the route can be predicted using
sequence modelling, learning, prediction (e.g., using Al), and/or other techniques. In some examples, the route
can be predicted using Markov chains, tensor factorization, dynamic Bayesian networks, conditional random
fields, etc. In other cases, the route can be predicted using one or more neural networks, such as a recurrent
neural network.

[0081] In some examples, at least a portion of the route is predicted without data indicating an actual presence
(e.g., an observed location, a current location, a reported location, etc.) of the carrier and load within the portion
of the route. The portion of the route can include one or more segments of the route, one or more points and/or
locations within the route, one or more paths within the route, and/or any other part of the route.

[0082] Moreover, in some examples, the data indicating the actual presence of the carrier and load can include
location measurements from a device (e.g., a GPS device, an ELD, a sensor, etc.) associated with the carrier
and/or a location update from the carrier (and/or any other party having knowledge of, and/or observed, a
location of the carrier. In some cases, the location measurements can include GPS measurements, ELD data,
phone triangulation values, sensor measurements, and/or any other types of measurements derived from data
associated with a device. In some examples, a location update from the carrier can be an electronic message
provided by the carrier, a voice message provided by the carrier (e.g., via a call or a voice communication), a
text message provided by the carrier, and/or any other location information reported by the carrier.

[0083] In some cases, at least the portion of the route can be predicted without real-time (or substantially near
real-time) data about the carrier, such as real-time data about a location of the carrier, a behavior of the carrier, a
trajectory of the carrier, an intended behavior and/or trajectory of the carrier, the load, a status of a vehicle used
by the carrier, etc.

[0084] In some cases, the route and/or any portion of the route can include a fully-constrained or partially-
constrained environment. For example, in some cases, the portion of the route can include a fully-constrained
environment, which can include an area where observed location information for the carrier is lacking. The
observed location information can include, for example, the data indicating the actual presence of the carrier and
load, such as a real-time location information about the carrier.

[0085] At block 606, the method 600 can include generating (e.g., via the predictive visibility system 100) a load
behavior predicted for one or more points during the route. For example, the method 600 can predict a future
load behavior at one or more points (e.g., locations, periods of time, etc.) along the route. The load behavior can
include predicted visibility information, as previously described. For example, in some cases, the load behavior
can include one or more predicted locations of the load along the route at one or more times/periods during a trip
of the load, an estimated time at which the load is predicted to arrive at the one or more locations along the
route, an estimated time at which the load is predicted to arrive at the destination, etc.

[0086] In some aspects, generating the load behavior predicted for one or more points during the route can
include predicting, based on the one or more attributes, a behavior of the carrier at one or more future times
while transporting the load to the destination location and providing, via a load tracking interface, an indication
of the predicted behavior of the carrier at the one or more future times. For example, the predictive visibility
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system 100 can predict a behavior of the carrier and provide on the load tracking interface a rendering, preview,
visualization and/or description of the predicted behavior.

[0087] In some examples, the predicted behavior of the carrier at the one or more future times can include
stopping at one or more locations (e.g., rest points, fueling stations, lodging facilities, eating facilities,
intermediary stopping or load pickup points, etc.), traveling at a predicted speed, changing a traveling velocity,
changing a traveling trajectory (e.g., performing a u-turn, egressing a highway, turning to a different road/street,
rerouting to an alternate/different path, etc.), a location of the carrier (and the load) at one or more points (e.g.,
times, periods, intervals, etc.) along the route, and/or any other traveling behavior and/or load status. Moreover,
in some cases, the predicted behavior can be predicted using additional information such as, for example, news
reports, actual/observed location and/or behavior updates previously obtained, route statistics, geographic
information, weather information, traffic information, map information, etc.

[0088] In some cases, the load behavior can be predicted using sequence modelling, learning, prediction (e.g.,
using Al), and/or other techniques. In some examples, the load behavior can be predicted using Markov chains,
tensor factorization, dynamic Bayesian networks, conditional random fields, etc. In other cases, the load
behavior can be predicted using one or more neural networks, such as a recurrent neural network.

[0089] In some aspects, the method 600 can include predicting, based on the one or more attributes, a time of
arrival of the load at the destination location and providing, via a load tracking interface, the time of arrival of
the load predicted. In some cases, the time of arrival can be predicted using additional information such as, for
example, news reports, actual/observed location updates previously obtained, route statistics, geographic
information, weather information, traffic information, map information, etc. In some examples, predicting the
route and/or the load behavior can be based at least partly on historical data. The historical data can be
associated with the identity of the carrier, the identity of the industry associated with the load, the identity of the
shipper of the load, the one or more load characteristics, etc. For example, the historical information can include
statistics or logged histories for the carrier, the industry, the shipper, and/or the one or more load characteristics.

[0090] In some cases, the method 600 can include generating a load tracking interface that identifies the route
the carrier is predicted to follow when transporting the load to the destination location and/or the predicted load
behavior. In some examples, the load tracking interface can include a map (e.g., map 402, map 502) displaying
the route the carrier is predicted to follow when transporting the load to the destination location and/or the
predicted load behavior. In some cases, the load tracking interface can include a web page, a graphical user
interface, a window, and/or any other content display. Moreover, in some examples, the load tracking interface
can display tables, charts, lists, messages, statistics, profile information, load information, trip information,
alerts, route visualizations, visualization of actions or patterns, descriptions or depictions of events, descriptions
or depictions of conditions, video content, files, and/or any other type of content or format.

[0091] FIG. 7 illustrates an example computing device architecture of an example computing device 700 which
can implement the various techniques described herein. For example, the computing device 700 can implement
the predictive visibility system 100 shown in FIG. 1 and perform the supply chain visibility techniques described
herein.

[0092] The components of the computing device 700 are shown in electrical communication with each other
using a connection 705, such as a bus. The example computing device 700 includes a processing unit (CPU or
processor) 710 and a computing device connection 705 that couples various computing device components
including the computing device memory 715, such as read only memory (ROM) 720 and random access
memory (RAM) 725, to the processor 710. The computing device 700 can include a cache of high-speed
memory connected directly with, in close proximity to, or integrated as part of the processor 710. The computing
device 700 can copy data from the memory 715 and/or the storage device 730 to the cache 712 for quick access
by the processor 710. In this way, the cache can provide a performance boost that avoids processor 710 delays
while waiting for data. These and other modules can control or be configured to control the processor 710 to
perform various actions.
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[0093] Other computing device memory 715 may be available for use as well. The memory 715 can include
multiple different types of memory with different performance characteristics. The processor 710 can include
any general purpose processor and a hardware or software service, such as service 1 732, service 2 734, and
service 3 736 stored in storage device 730, configured to control the processor 710 as well as a special-purpose
processor where software instructions are incorporated into the processor design. The processor 710 may be a
self-contained system, containing multiple cores or processors, a bus, memory controller, cache, etc. A multi-
core processor may be symmetric or asymmetric.

[0094] To enable user interaction with the computing device 700, an input device 745 can represent any number
of input mechanisms, such as a microphone for speech, a touch-sensitive screen for gesture or graphical input,
keyboard, mouse, motion input, speech and so forth. An output device 735 can also be one or more of a number
of output mechanisms known to those of skill in the art, such as a display, projector, television, speaker device,
etc. In some instances, multimodal computing devices can enable a user to provide multiple types of input to
communicate with the computing device 700. The communications interface 740 can generally govern and
manage the user input and computing device output. There is no restriction on operating on any particular
hardware arrangement and therefore the basic features here may easily be substituted for improved hardware or
firmware arrangements as they are developed.

[0095] Storage device 730 is a non-volatile memory and can be a hard disk or other types of computer readable
media which can store data that are accessible by a computer, such as magnetic cassettes, flash memory cards,
solid state memory devices, digital versatile disks, cartridges, random access memories (RAMs) 725, read only
memory (ROM) 720, and hybrids thereof.

[0096] The storage device 730 can include services 732, 734, 736 for controlling the processor 710. Other
hardware or software modules are contemplated. The storage device 730 can be connected to the computing
device connection 705. In one aspect, a hardware module that performs a particular function can include the
software component stored in a computer-readable medium in connection with the necessary hardware
components, such as the processor 710, connection 705, output device 735, and so forth, to carry out the
function.

[0097] The term "computer-readable medium" includes, but is not limited to, portable or non-portable storage
devices, optical storage devices, and various other mediums capable of storing, containing, or carrying
instruction(s) and/or data. A computer-readable medium may include a non-transitory medium in which data can
be stored and that does not include carrier waves and/or transitory electronic signals propagating wirelessly or
over wired connections. Examples of a non-transitory medium may include, but are not limited to, a magnetic
disk or tape, optical storage media such as compact disk (CD) or digital versatile disk (DVD), flash memory,
memory or memory devices. A computer-readable medium may have stored thereon code and/or machine-
executable instructions that may represent a procedure, a function, a subprogram, a program, a routine, a
subroutine, a module, a software package, a class, or any combination of instructions, data structures, or
program statements. A code segment may be coupled to another code segment or a hardware circuit by passing
and/or receiving information, data, arguments, parameters, or memory contents. Information, arguments,
parameters, data, etc. may be passed, forwarded, or transmitted via any suitable means including memory
sharing, message passing, token passing, network transmission, or the like.

[0098] In some embodiments the computer-readable storage devices, mediums, and memories can include a
cable or wireless signal containing a bit stream and the like. However, when mentioned, non-transitory
computer-readable storage media expressly exclude media such as energy, carrier signals, electromagnetic
waves, and signals per se.

[0099] Specific details are provided in the description above to provide a thorough understanding of the
embodiments and examples provided herein. However, it will be understood by one of ordinary skill in the art
that the embodiments may be practiced without these specific details. For clarity of explanation, in some
instances the present technology may be presented as including individual functional blocks comprising devices,
device components, steps or routines in a method embodied in software, or combinations of hardware and

https://appft.uspto.gov/netacgi/nph-Parser?Sectl1=PTO2&Sect2=HITOFF&p=1&u=%2Fnetahtm|%2FPTO%2Fsearch-adv.html&r=1... 18/21



6/2/22, 12:34 PM United States Patent Application: 0220129844

software. Additional components may be used other than those shown in the figures and/or described herein. For
example, circuits, systems, networks, processes, and other components may be shown as components in block
diagram form in order not to obscure the embodiments in unnecessary detail. In other instances, well-known
circuits, processes, algorithms, structures, and techniques may be shown without unnecessary detail in order to
avoid obscuring the embodiments.

[0100] Individual embodiments may be described above as a process or method which is depicted as a
flowchart, a flow diagram, a data flow diagram, a structure diagram, or a block diagram. Although a flowchart
may describe the operations as a sequential process, many of the operations can be performed in parallel or
concurrently. In addition, the order of the operations may be re-arranged. A process is terminated when its
operations are completed, but could have additional steps not included in a figure. A process may correspond to
a method, a function, a procedure, a subroutine, a subprogram, etc. When a process corresponds to a function, its
termination can correspond to a return of the function to the calling function or the main function.

[0101] Processes and methods according to the above-described examples can be implemented using computer-
executable instructions that are stored or otherwise available from computer-readable media. Such instructions
can include, for example, instructions and data which cause or otherwise configure a general purpose computer,
special purpose computer, or a processing device to perform a certain function or group of functions. Portions of
computer resources used can be accessible over a network. The computer executable instructions may be, for
example, binaries, intermediate format instructions such as assembly language, firmware, source code. Examples
of computer-readable media that may be used to store instructions, information used, and/or information created
during methods according to described examples include magnetic or optical disks, flash memory, USB devices
provided with non-volatile memory, networked storage devices, and so on.

[0102] Devices implementing processes and methods according to these disclosures can include hardware,
software, firmware, middleware, microcode, hardware description languages, or any combination thereof, and
can take any of a variety of form factors. When implemented in software, firmware, middleware, or microcode,
the program code or code segments to perform the necessary tasks (e.g., a computer-program product) may be
stored in a computer-readable or machine-readable medium. A processor(s) may perform the necessary tasks.
Typical examples of form factors include laptops, smart phones, mobile phones, tablet devices or other small
form factor personal computers, personal digital assistants, rackmount devices, standalone devices, and so on.
Functionality described herein also can be embodied in peripherals or add-in cards. Such functionality can also
be implemented on a circuit board among different chips or different processes executing in a single device, by
way of further example.

[0103] The instructions, media for conveying such instructions, computing resources for executing them, and
other structures for supporting such computing resources are example means for providing the functions
described in the disclosure.

[0104] In the foregoing description, aspects of the application are described with reference to specific
embodiments thereof, but those skilled in the art will recognize that the application is not limited thereto. Thus,
while illustrative embodiments of the application have been described in detail herein, it is to be understood that
the inventive concepts may be otherwise variously embodied and employed, and that the appended claims are
intended to be construed to include such variations, except as limited by the prior art. Various features and
aspects of the above-described application may be used individually or jointly. Further, embodiments can be
utilized in any number of environments and applications beyond those described herein without departing from
the broader spirit and scope of the specification. The specification and drawings are, accordingly, to be regarded
as illustrative rather than restrictive. For the purposes of illustration, methods were described in a particular
order. It should be appreciated that in alternate embodiments, the methods may be performed in a different order
than that described.

[0105] One of ordinary skill will appreciate that the less than ("<") and greater than (">") symbols or
terminology used herein can be replaced with less than or equal to (".ltoreq.") and greater than or equal to
(".gtoreq.") symbols, respectively, without departing from the scope of this description.
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[0106] Where components are described as being "configured to" perform certain operations, such configuration
can be accomplished, for example, by designing electronic circuits or other hardware to perform the operation,
by programming programmable electronic circuits (e.g., microprocessors, or other suitable electronic circuits) to
perform the operation, or any combination thereof.

[0107] The phrase "coupled to" refers to any component that is connected to another component either directly
or indirectly, and/or any component that is in communication with another component (e.g., connected to the
other component over a wired or wireless connection, and/or other suitable communication interface) either
directly or indirectly.

[0108] Claim language or other language reciting "at least one of" a set or "one or more of" a set" indicates that
one member of the set or multiple members of the set (in any combination) satisfy the claim. For example, claim
language reciting "at least one of A and B" means A, B, or A and B. In another example, claim language reciting
"one or more of A and B" means A, B, or A and B. In another example, claim language reciting "one or more of
A, B, and C" means A, B, C, A and B, A and C, B and C, or all of A, B, and C.

[0109] The various illustrative logical blocks, modules, circuits, and algorithm steps described in connection
with the examples disclosed herein may be implemented as electronic hardware, computer software, firmware,
or combinations thereof. To clearly illustrate this interchangeability of hardware and software, various
illustrative components, blocks, modules, circuits, and steps have been described above generally in terms of
their functionality. Whether such functionality is implemented as hardware or software depends upon the
particular application and design constraints imposed on the overall system. Skilled artisans may implement the
described functionality in varying ways for each particular application, but such implementation decisions
should not be interpreted as causing a departure from the scope of the present application.

[0110] The techniques described herein may also be implemented in electronic hardware, computer software,
firmware, or any combination thereof. Such techniques may be implemented in any of a variety of devices such
as general purposes computers, wireless communication device handsets, or integrated circuit devices having
multiple uses including application in wireless communication device handsets and other devices. Any features
described as modules or components may be implemented together in an integrated logic device or separately as
discrete but interoperable logic devices. If implemented in software, the techniques may be realized at least in
part by a computer-readable data storage medium comprising program code including instructions that, when
executed, performs one or more of the methods, algorithms, and/or operations described above. The computer-
readable data storage medium may form part of a computer program product, which may include packaging
materials. The computer-readable medium may comprise memory or data storage media, such as random access
memory (RAM) such as synchronous dynamic random access memory (SDRAM), read-only memory (ROM),
non-volatile random access memory (NVRAM), electrically erasable programmable read-only memory
(EEPROM), FLASH memory, magnetic or optical data storage media, and the like. The techniques additionally,
or alternatively, may be realized at least in part by a computer-readable communication medium that carries or
communicates program code in the form of instructions or data structures and that can be accessed, read, and/or
executed by a computer, such as propagated signals or waves.

[0111] The program code may be executed by a processor, which may include one or more processors, such as
one or more digital signal processors (DSPs), general purpose microprocessors, an application specific
integrated circuits (ASICs), field programmable logic arrays (FPGAs), or other equivalent integrated or discrete
logic circuitry. Such a processor may be configured to perform any of the techniques described in this disclosure.
A general purpose processor may be a microprocessor; but in the alternative, the processor may be any
conventional processor, controller, microcontroller, or state machine. A processor may also be implemented as a
combination of computing devices, e.g., a combination of a DSP and a microprocessor, a plurality of
microprocessors, one or more microprocessors in conjunction with a DSP core, or any other such configuration.
Accordingly, the term "processor," as used herein may refer to any of the foregoing structure, any combination
of the foregoing structure, or any other structure or apparatus suitable for implementation of the techniques
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described herein.
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