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COMPUTER APPLICATIONS THAT DETERMINE A PARCEL POSITION ERROR

BACKGROUND OF THE INVENTION

Geolocation  technologies have been continually ifroproving with the
proliferation of mobile computing and location-aware technologigs. These geolocation
technologies typically determine an asset is present by receiving a scan of an object (a
barcode). Each of these scans arc typically stored as cvenis, with inconsistent naming
conventions that are not mapped io physical or logical locations. The scans, among other
things, can be inaccurate or & scan may be missed by the geolocation technologies. Due o
many of these problems, no analytical metrics can be determined. Typical analytical metrics
are unable to determine inaccurate or missing scans which makes fracking the asset
inaccurate and unsuccessful.  As described in more detail herein, aspects improve these

technologies and conventional solutions.

SUMMARY OF THE INVENTION

This sunmmary is provided to introduce a selection of concepis in a stnplified
form that are further described below in the detailed description. This summary is not
intended to identify key features or essential features of the claimed subject matter, vor is it
intended to be used in isclation as an aid in determining the scope of the claimed subject
matter. Further, altemative or additional embodiments exist other than those described in this
summary section.

In general, embodiments of the present invention provide methods, apparatus,
systems, computing entities, and/or the like for determining a parcel position error.

In accordance with ome aspect, a compuicr-implemented method for
determining a parcel position error based on a comparison of load data and configuration data
is provided. The method may inchude receiving a load data with positions of a tag on a
parcel. The method may further include receiving a configuration data with positions of a
plurality of tags on a phurality of parcels. A computer may determine the parcel position
ervor based on comparing the load data to the configuration data. In some embodiments, the
parcel postiion error is determined when the first set of positions area beyond a threshold

from the second st of positions.
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Some embodiments are directed o an apparatus with at least one processor,
memory, and program code that may cause the processor to determine a parcel position error
based on determining a parcel path exceeds a threshold. In some embodiments, the method
comprises receiving a load data comprising a first set of positions of a tag associated with a
first parcel, and receiving a configuration data comprising a phirality of parcel paths of a tag
of a plurality of tags associated with a plurality of parcels. A parcel path may be determined
based on the first set of positions. In some aspects, the parcel position error may be
determined based on determining the parcel path exceeds 2 threshold when compared to the
phurality of parcel paths.

Some embodiments are directed to a computer-implernented method of
determining at least one parcel path of a parcel. In some embodiments, the method includes
receiving a3 load data comprising a first set of positions of a tag on the parcel. The method
may further include determining a load start node with a first initial position based on the
load data. The method may include determining a first series of positions based on the first
set of positions of the tag. Finally, the method may include determining at least one parce

path based on the first set of positions of the tag and the load start node.

BRIEF DESCRIPTION OF THE DRAWING

Having thus described the disclosure in general terms, reference will now be
made to the accompanying drawings, which are not necessarily drawn 1o scale, and wherein:

FIG. 1 is a schematic diagram of an example computing environment in which
aspects of the present disclosure are employed, sccording to some embodiments.

FIG. 2 15 a schematic diagram of one or more logistics server(s) in which
aspects of the present disclosure are employed, according to some embodiments,

FIG. 3 48 2 schematic diagram of a computing entity m which aspects of the
present disclosure are employed, according to some embodiments.

FIGS. 4A and 4B are schematic diagrams of an environment ilhustrating how
one or more positions may be determined, according to some embodiment.

FIG. 5 15 a schematic disgram of an example process for determining parce
position errors, according o some embodiments,

FIG. 6 is another schematic diagram of an cxample process for determining

parcel position errors, according to some embodiments,
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FIG. 7 is an schematic diagram of the parcel path on a graphical user interface,
according to some embodiments,

FIG. 8 is a flow diagram of an example method of determining a parecel
position error, according to some embodiments.

FIG. 9 15 a flow diagram of an example method of determining a parcel
position error, according 1o some embodiments.

FIG. 10 is another flow diagram of an example method of determining at least

one parcel path, according to some embodiments.

DETAILED BESCRIPTION OF THE INVENTION

The present disclosare will now be described more fully hereinafler with
reference fo the accompanying drawings, in which some, but not all embodiments of the
disclosure are shown, The disclosure may be embodied in many different forms and should
not he construed as limited to the embodiments set forth herein. Rather, these embodiments
are provided so that this disclosure will satisfy applicable legal requirements.

L. Overview

As described above, existing geolocation technologies typically determine an
asset is present by receiving a scan of an object, however these scans can have inconsistent
naming conventions that are not mapped to physical or logical locations. The scans of typical
geolocation technologies can be ingccurate or 3 scan may be missing. Due to many of these
problems, no analytical metrics can be used 1o track the asset.

As an example, existing geolocation technologies in environments such as a
sorting facility of a parcel, do not map any recorded data (e.g., scans of parcels) to physical
and logical locations. This recorded data can only be stored as events instead of parcel paths.
In these existing geolocation technologies, an issue with the parcel being mis-sorted can only
be determined by 3 hwman operator noticing a parcel is not at a proper location, for example,
by reading a parcel label, or noticing a parcel has fallen off the conveyer apparatus. Various
embodiments improve these existing geolocation technologies by determining erroneous
scans and by determining a parcel’s path as described herein. These embodiments, among
others described herein, compare a load dats to s configuration data to determine the error.

Various embodiments of the present disclosure improve geolocation

technologies in applications such as sorting facilities by enabling error detection and parcel
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path determination for a parcel. In various instances, this error detection and parcel path
determination allows for even further functionality that improves existing technologies. For
example, a conveyer apparatus may include a plurality of reader components (an
“environmental sensor’) that reads 2 tag coupled to a parcel. As ecach parcel traverses along
the conveyer apparatus, each reader component reads the tag, receiving data recording the
event such as a scan event. The scan event may be stored as load data. This load data may
be compared to a configuration data that may include a plurality of expected or average reads
for the load data. Based on the comparison, a parcel position error may be determined if the
load dats is beyond 3 threshold. In some aspects, for example, the load data may be beyond
the threshold. The load data may be beyond the threshold when the load data is significantly
different than the configuration data. For example, the load data may be different from the
configuration data by a factor of two. In some examples, the parcel may have fallen off of
the conveyer apparatus, or be miss-sorted. By comparison, geolocation technologies in
applications such as sorting facilitics may rely on a manual process {c.g., a human sceing a
package on the floor of the facility} to determine if a parcel has fallen off the conveyer
apparatus.  Systems and methods provided herein, however, can determine parcel posttion
errors automatically.

In some embodiments a parcel path may be determined based on the load data.
in some aspects, the parcel path can be a route of the parcel along the conveyer apparatus. In
embodiments where the parcel path is determined, the configuration data may include a
phurality of parcel paths, for example, for a plurality of reference parcels. In these
embodiments, a parcel position error may be determined based on the parcel path exceeding a
threshold when compared to the plurality of parcel paths.  Accordingly, geolocation
technologies in applications like sorting facilities are enabled to detect errors and determine a
parcel path for a parcel. Implementing a parcel path when determining a parcel position error
can be beneficial. Some benefits of determining the parcel path include editing the parcel
path when an error 18 detected, so the parcel path more accurately reflects the true path the
parcel in the sorting facility.

Embodiments described herein  improve geolocation technologies by
determining load start positions defining an imitial position of a parcel in the sorting facility.
Similarly, a load end node may be determined in some embodiments defining the final
position in the sorting facility for the parcel. From the load start and/or load end node a

parcel path may be determined more accurately. The load start and/or load end nodes may
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aiso be used when determining a parcel position error and compared to a configuration start
and/or configuration end node respectively. In this way, parcel position errors and parcel
paths can be more accurately determined based on the load data.

It is understood that although this overview section describes various
mmprovements to conventional solutions and technologics, these are by way of example only.
As such, other improvements may be described or will become evident through description of
various embodimenis. This overview is provided to introduce a sclection of concepts in g
simplified form that are further described below in the detailed description. This overview is
not intended to: identify key features or essential features of the claimed subject matier, key
improvements, nor is it intended to be used in isolation as an aid in determining the scope of
the claimed subjeoct matter.

H. Apparatuses, Methods, and Systems

Embodiments of the present disclosure may be implemented in varions ways,
including as apparatuses that comprise articles of manufacture. An apparatus may include a
non-transitory computer-readabie storage medivwm storing applications, programs, program
modiles, scripts, source code, object code, byite code, compiled code, interpreted code,
machine code, and/or the like {(also referred to herein as executable mstructions, instructions
for execution, program code, and/or similar terms used herein interchangeably). Such non-
transitory computer-readable storage media include all computer-readable media (including
volatile and non-volatile media).

In some embodiments, a2 non-volatile computer-readable storage medium may
include a floppy disk, flexible disk, hard disk, solid-state storage (8SS) (¢.g., a solid state
drive (SSD}, sohd state card (SSC), solid state module (S5M)), enterprise flash drive,
magnetic tape, or any other non-transitory magnetic medium, and/or the ke, A non-volatile
computer-readable storage medium may also include a punch card, paper tape, optical mark
sheet {or any other physical mediim with patterns of holes or other optically recognizable
mndicia), compact disc read only memory (CD-ROM), compact disc-rewritable (CB-RW),
digital versatile dise (DVD), Blu-ray disc (BD), any other non-transitory optical medium,
and/or the ke, Such a non-volatile computer-readable storage medium may also include
read-only memory (ROM), programmable read-only memory (PROM), ecrasable
programmable read-only memory (EPROM), electrically erasable programmabie read-only
memory (EEPROM]), flash memory {e.g., Serial, NAND, NOR, and/or the like), multimedia

memory cards (MM, secure digital (S} memory cards, SmartMedia cards, CompaciFlash
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{CF) cards, Memuory Sticks, and/or the like. Further, a non-volatile computer-readable
storage mediom may also include conductive-bridging random access memory (CBRAM),
phase-change random access memory (PRAM), ferroelectric random-access meroory
(FeRAM)}, non-volatile random-access memory (NVRAM), magnetoresistive random-access
memory (MRAM), resistive random-aceess memory (RRAM), Silicon-Oxide-Nitride-Oxide-
Silicon memory (SONOS), floating junction gate random access memory (FIG RAM),
Millipede memory, racetrack memory, and/or the like.

In some embodiments, a volatile computer-readable storage medium may
include random access memory (RAM), dynamic random access memory (DRAM), static
random access memory (SRAM), fast page mode dynamic random access memory (FPM
DRAM), extended data-ouf dynamic random access memory (EDO DRAM), synchronous
dynamic random access memory {SDRAM), double information/data rate synchronous
dynamic randorn access memory (DDR SDRAM), double information/data rate fype two
synchronous dynamic random access memory {DDR2 SDRAM), double information/data
rate type three synchronous dynamic random access memory (BDR3 SDRAM)]), Rambus
dynamic random access memory (RDRAM), Twin Transistor RAM (TTRAM), Thyristor
RAM (T-RAM), Zero-capacitor {(Z-RAM), Rambus in-line memory module (RIMM), dual
in-line memory module (DIMM), single in-line memory module (SIMM]}, video random
access memory (VRAM), cache memory {inclading various levels), flash memory, register
memory, and/or the hike. It will be appreciated that where embodiments are deseribed to use
a computer-readable storage medium, other types of computer-readable storage media may be
substituted for or used in addition to the computer-readable storage media described above.

As should be appreciated, various embodiments of the present disclosure may
also be implemented as methods, apparatuses, systems, computing devices/entitics,
computing entities, and/or the like. As such, embodiments of the present disclosure may take
the form of an apparatus, system, computing device, computing entity, and/or the like
gxecuting instructions stored on & computer-readable storage medium to perform certain steps
or operations, However, embodiments of the present disclosure may also take the form of an
entirely hardware embodiment performing certain sieps or operations.

FEmbodiments of the present disclosure are described below with reference to
flow diagrams and flowchart illustrations. Thus, it should be understood that each block of
the flow diagrams and flowchart illustrations may be implemented in the form of a computer

program product, an entirely hardware embodiment, & combination of hardware and



10

13

WO 2022/093532 PCT/US2021/054747

computer program producis, and/or apparatuses, systems, computing devices/entities,
computing entities, and/or the like carrying out instroctions, operations, steps, and similar
words used interchangeably (e.g., the executsble instructions, instructions for execution,
program code, and/or the like} on 3 computer-readable storage medium for execution. For
gxample, retrieval, loading, and execution of code may be performed sequentially such that
ong instruction is reirieved, loaded, and executed at a time. In some exemplary embodiments,
retrieval, loading, and/or execution may be performed in parallel such that multiple
instructions are retrieved, loaded, and/or executed together. Thus, such embodiments can
produce specifically-configured machines performing the steps or operations specified in the
flow diagrarmns and flowchart illostrations.  Accordingly, the flow diagrams and flowchart
illustrations support various combinations of embodiments for performing the specified
instructions, operations, or steps.

1k, Exemplary Svstem Architecture

FI1G. 1 is a schematic diagram of an example computing envircnment 100 in
which aspects of the present discloswre are employed, according to some embodiments. As
shown m FIG. 1, this particular computing environment 1{{ mcludes one or more logistics
vehicles 120, one or more logistics servers 105, one or more computing entities 110 {(e.g., a
mobile device, such as a DIAD), one or more satellites (not shown), one or more networks
135, a plurality of storage units 123, and a conveyor apparatus 125, In some aspects, as
Hlustrated, the load data 127 and configuration data 129 may be stored m the storage units
123, Each of these components, entities, devices, systems, and similar words used herein
interchangeably may be in direct or indirect comumunication with, for example, one another
over the same or different wired and/or wireless networks.  Additionally, while FIG. 1
illustrates the wvarious system entifies as separate, standalone entities, the various
embodiments are not limited to this particular architecture.

In various embodiments, the network{s) 135 represents or inchudes an IoT
(internet of things) or IoE (uternet of everything) network, which s a network of
mtercommected tems {e.g., the storage units 123 and the conveyor apparatus 1235} that are
cach provided with unigue identifiers {e.g., UIDs) and computing logic so as (o communicate
or transfer data with each other or other components. Seoch communication can happen
without requiring human-to-human or human-to~-corapuier interaction. For example, an {oT
network may inchude the logistics vehicle 120, which is equipped with one or more sensors

and transmitiers in order to process and/or transmit sensor data gver the network 135 to the
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logistics server(s} 103, the storage units 123, and/or the conveyor apparatus, In the context of
an foT network, a computer (not shown} within the logistics vehicle 120 (or any of the other
components) can be or include one or more local processing devices (e.g., edge nodes) that
are one or more computing devices configured to store and process, over the network(s) 135,
gither a subset or all of the received or respective sets of data to the one or more remote
computing devices {c.g., the computing entities 110 and/or the logistics server(s) 105) for
analysis,

In some embodiments, the local processing device{s) described above is a
mesh or other network of microdata centers or edge nodes that process and store local data
received from sensors coupled to the storage units 123, conveyor apparatus 125, and/or the
logistics vehicle 120 and push or transmit some or all of the data to a cloud device or a
corporate data center that is or is included in the one or more logistics server(s} 1845, In some
embodiments, the local processing device(s) stores all of the data and ounly transmiis selected
{c.g., data that meets a threshold) or important data to the one or more logistics server{s) 105,
Accordingly, the non-important data or the data that is in a group that does not meet a
threshold is not transmitted.  For example, the convevor apparatos 125 may interrogate a tag
on a parcel to receive data but only push a portion of the recetved data.  Accordingly, only
after the condition or threshold has been met does the local processing device(s} transmit the
data that meets or exceeds the threshold o remote computing devices such that the remote
device(s) can take responsive actions, such as notify a user mobile device (e.g., computing
entity 114 indicating the threshold has been met and/or cause a modification of data (e.g.,
consolidate eniries of purchase grders). The data that does not meet or exceed the threshoid
is not transmitted in particular embodiments. In various embodiments where the threshold or
condition is not met, daily or other time period reports are periodically generated and
transmitted from the local processing device(s) to the remote device(s) indicating all the data
readings gathered and processed at the local processing device(s). In some embodiments, the
one or more local processing devices act as a buffer or gateway between the network(s) and a
broader network, such as the one or more networks 135, Accordingly, in these embodiments,
the one or more local processing devices can be associated with one or more gateway devices
that translate proprictary commumication protocols into other protocols, such as internet
protocols.

For exampile, the storage unit 123 may receive data such as load data 127 from

the conveyor apparatus 125 of scans of a barcode on parcels via the network(s} 135. The
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storage unit 123 may also receive data such as load data 127 from the logistics vehicle 120
which may inchide a reading of the barcode on a parcel indicating an end node (described
herein). Load data 127 and configuration data 129 may be sobmiited to logistics server(s)
105 via network(s) 135. The logistics server(s) 105 may determine a parcel position error as
described herein. The logistics server(s} 105 may commumnicate the parcel position error to a
computing component 110 via the network 135 to cause an action to remedy the parcel
position error or to take an action described herein.

i, Exemplary Analysis Computing Entities

FIG. 2 provides a schematic of a logistics server(s} 185 according to particalar
embodiments of the present disclosure. In general, the terms computing entity, computer,
entity, device, system, and/or similar words used herein interchangeably may refer to, for
gxample, one or more computers, computing entities, desktops, mobile phones, tablets,
phablets, notebooks, laptops, distributed systems, consoles input terminals, servers or server
networks, blades, gateways, switches, processing devices, processing entities, set-iop boxes,
relays, roulers, network access points, base stations, cloud computing nodes, virtual
machines, virtual containers, the like, and/or any combination of devices or entities adapted
to perform the functions, operafions, and/or processes described hercin.  Such functions,
operations, and/or processes may inchude, for example, transmitting, receiving, operating on,
processing, displaying, sioring, determining, crealing/generating, monitoring, evaluating,
comparing, and/or similar terms used herein interchangeably. In particalar embodiments,
these functions, operations, and/or processes can be performed on data, content,
information/data, and/or similar terms used herein interchangeably.

As indicated, in particolar embodiments, the logistics server(s) 105 may also
inchude one or more communications interfaces 220 for conwnunicating with various
computiing entities, such as by communicating data, content, information/data, and/or similar
terms used herein interchangeably that can be fransmiited, received, operated on, processed,
displayed, stored, and/or the like.

As shown in FIG. 2, in particular embodiments, the logistics server(s) 105
may include or be in communication with one or more processing elements 205 (also referred
10 as processors, processing circuitry, and/or similar terms used herein interchangeably) that
communicate with other elements within the logistics server(s) 103 via a bus, for example.
As will be understood, the processing clement 205 may be embaodied in a number of different

ways. For example, the processing element 205 may be embodied as one or more complex
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programmabie logic devices (CPLDs}, microprocessors, multi-core processors, co-processing
entities, applcation-specific instruction-set processors (ASIPs), microcontrotiers, and/or
controllers. Further, the processing clement 205 may be ewbodied as one or more other
processing devices or circuitry.  The term circuitry may refer to an entirely hardware
embodiment or a combination of hardware and computer program products.  Thus, the
processing clement 205 may be embodied as mtegrated circuits, application specific
integrated circuits {(ASICs), field programmable gate arrays (FPGAs), programmable logic
arrays {PLAs), hardware accelerators, other circuitry, and/or the like. As will therefore be
understood, the processing element 205 may be configured for a particular use or configured
1o execute instructions stored in volatile or non-volatile media or otherwise accessible to the
processing clement 205, As such, whether configured by hardware or computer program
products, or by a combination thereof, the processing element 205 may be capable of
performing sieps or operations according to embodiments of the present disclosure when
configured accordingly.

In particuiar embodiments, the logistics server(s) 105 may further include or
be in communication with non-volatile media {also referred to as non-volatile storage,
memory, juemory  storage, mermory circuitry  and/or similar terms  used  herein
interchangeably). In particular embodiments, the non-volatile storage or memory may
include one or more non-volatile storage or memory media 210, including but not limited to
hard disks, ROM, PROM, EPROM, EEPROM, flash memory, MMCs, SD memory cards,
Memory Sticks, CBRAM, PRAM, FeRAM, NVRAM, MRAM, RRAM, SONOS, FIG RAM,
Millipede memory, racetrack memory, and/or the like. As will be recognized, the non-
volatite storage or memory media may store datas stores {e.g., parcel/item/shipment data
store), data siore instances, data storc management systems, data, applications, programs,
program modules, scripts, source code, object code, byite code, compiled code, interpreted
code, machine code, executable instructions, and/or the like. The term data store, data store
instance, data store management system, and/or similar terms vsed hergin interchangeably
may refer to a collection of records or information/data that is stored in a computer-readable
storage medium using one or move data store models, such as a hierarchical data store mode],
network model, relational model, entity—relationship model, obiject model, document model,
semantic model, graph model, and/or the like.

In particular embodimenis, the logistics server(s) 105 may further include or

be in communication with volatile media (also referred to as volatile storage, memory,
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memory storage, memory circoitry and/or similar terms used herein interchangeably). In
particular embodiments, the volatile storage or memory may also inchide one or more volatile
storage or memory media 215, inchuding but not limited to RAM, DRAM, SRAM, FPM
DRAM, EDOC DRAM, SDRAM, DDR SDRAM, DDR2 SDRAM, DDR3 SDRAM, RDRAM,
TTRAM, T-RAM, Z-RAM, RIMM, DIMM, SIMM, VRAM, cache memory, register
memaory, and/or the like. As will be recognized, the volatile storage or memory media may
be used to store at least portions of the data stores, data siore instances, data store
management systems, daia, applications, programs, program modules, scripts, source code,
object code, byte code, compiled code, interpreied code, machine code, executable
instructions, and/or the like being executed by, for example, the processing element 2085,
Thus, the data stores, data store instances, data store management systems, data, applications,
programs, program modules, scripts, source code, object code, byte code, compiled code,
nterpreted code, machine code, executable nstructions, and/or the like may be used io
conirol certain aspects of the operation of the logistics server(s) 105 with the assistance of the
processing element 205 and operating system.

As indicated, in particolar embodiments, the logistics server(s) 105 may also
inchude one or more communications interfaces 220 for conwnunicating with various
computing entitics, such as by communicating information/data, content, information/dats,
and/or similar terms used herein interchangeably that can be transmitted, recetved, operated
on, processed, displayed, stored, and/or the like. Such commmmnication may be executed using
a wired information/data transmission protocol, such as fiber distributed information/data
interface (FDDI}, digital subscriber line (DSL), Ethernet, asynchronous transfer mode
{ATM]}, frame relay, information/data over cable service interface specification (DOCSIS), or
any other wired transmission protocol.  Simularly, the logistics server(s) 105 may be
configured to communicate via wircless external communication networks using any of a
variety of protocols, such as general packet radic service {(GPRS), Universal Mobiie
Telecommumnications Systermn (UMTS), Code Division Multiple Access 2000 (CDMAZ0((),
CDMA2000 1X (IxRTT), Wideband Code Division Multiple Access (WCDMA), Time
Division-Synchronous Code Division Multiple Access (TD-SCDMA), Long Term Evolution
(LTE}, Evolved Universal Terrestrial Radio Access Network (B-UTRAN), Evolution-Data
Optimized (EVDQ), High Speed Packet Access (HSPA), High-Speed Downlink Packet
Access (HSDPA), IEEE 802,11 (Wi-Fi), Wi-Fi Direct, 802.16 (WiMAX), ultra wideband

(UWB), mnfrared (R} protocols, near field communication (NFC) protocols, Wibree,
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Bluetooth protocols, wireless universal serial bus (UUSB) protocols, long range low power
{LoRa}, LTE Cat M1, NarrowBand oT (NB IoT), and/or any other wireless protocol.

Although not shown, the logistics server(s) 105 may include or be in
communication with one or more input elements, such as 2 kevboard input, a2 mouse input, a
touch screen/display input, motion inputi, movement input, audio input, pointing deviee input,
joystick tuput, keypad joput, and/or the hike. The logistics server(s) 105 may also inchude or
be in communication with one or more output elemenis (not shown), such as audic output,
video output, screen/display output, motion output, movement output, and/or the like.

As will be apprecisted, one or more of the logistics server(sy’s 105
components may be located remotely from other logistics server(s) 105 components, such as
in a distributed system {e.g., a cloud computing system). Additionally or alternatively, the
logistics serverf{s) 105 may be represented among a plurality of logistics server(s). For
example, the logistics server(s) 105 can be or be jnchuded i a cloud computing environment,
which includes a network-based, distributed/data processing system that provides one or
more cloud computing services. Further, a cloud computing environment can include many
computers, hundreds or thousands of them or more, disposed within one or more data centers
and configured to share resources over the network{s) 135, Furthermore, one or more of the
components may be combined and additional components performing functions described
herein may be included in the logistics server{(s) 105. Thus, the logistics server{s) 105 can be
adapted to accommuodate a variety of needs and circumstances. As will be recognized, these
architectures and descriptions are provided for exemplary purposes only and are not limiting
to the various embodiments.

2. Exemoplary Computing Entities

Computing entities 110 roay be configured for: reading tag data from a parecel
that fraverses the conveyor apparatus and fransmitting the data, causing automatic rotation of
one of the storage units 123 10 a loading location, processing one or more shipping requests,
monitoring shipments, and/or operation by a user {€.g., a vehicle operator, delivery personnel,
customer, and/or the hke). Tv some embodimenis, a computing entity 110 is embedded
within or otherwise coupled to the storage unils 123, the logistics vehicle 120, and/or
convevor apparatus 125 so that these components may perform their suitable functionality as
described herein.  In certain embodiments, computing entities 110 may be embodied as
handheld computing entities, such as mobile phones, tablets, personal digital assistanis,

and/or the like, that may be operated at least in part based on user input received from a user
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via an input mechanism. Moreover, computing entities 110 may be embodied as onboard
vehicle computing entities, such as central vehicle electronic control units (ECUs), onboard
muitimedia systom, and/or the like that may be operated at least in part based on user mput.
Such onboard vehicle computing entities may be configured for autonomous and/or nearly
apionomons operation however, as they may be embodied as onboard control systems for
anionomous or semi-autonomous vehicles, such as unmanned aerial vehicles (LA V), robots,
and/or the like. As g specific example, computing entities 110 may be utilized as onboard
controllers for UAVs configured for picking-up and/or delivering packages to various
locations, and accordingly such computing entities 110 may be configured to monitor various
inputs {e.g., from various sensors) and generaie various outputs. It should be understood that
various embodiments of the present disclosure may comprise a plurality of computing entities
110 embodied in one or more forms {¢.g., parcel security devices kiosks, mobile devices,
watches, lapiops, carrier personnel devices {e.g., Delivery Information Acquisition Devices
{(DIADY, etc.).

As will be recognized, a user may be an individual, a family, a2 company, an
organization, an entity, a department within an organization, a represenfative of an
organization and/or person, and/or the like—whether or not associated with a camrier. In
particular embodiments, a user may operate a computing endity 110 that may include one or
more components that are fanctionally similar to those of the logistics server(s) 105, FIG. 3
provides an illustrative schematic representative of a compuating entity 110 that can be used in
conjunction with embodiments of the present disclosure. In general, the terms device,
system, compiting entity, entity, and/or similar words used herein interchangeably may refer
to, for example, one or more compaters, computing entities, desktops, mobile phones, tablets,
phablets, notebooks, laptops, distribuied systems, vehicle multimedia systems, autonomous
vehicle onboard control systems, waiches, glasses, key fobs, radio frequency identification
(RFID) tags/readers, ear pieces, scanners, imaging devices/cameras (e.g., part of a multi-view
image capture system}, wristbands, kiosks, input terminals, servers or server networks,
blades, gateways, swiiches, processing devices, processing entities, set-top boxes, relays,
routers, network access points, base stations, the like, and/or any combination of devices or
entities adapted to perform the funclions, operations, and/or processes described hergin.
Comsputing entities 110 can be operated by various parties, including carrier personnel
(sorters, operators, delivery drivers, network administrators, and/or the like). As shown in

FIG. 3, the computing entity 110 can include an antenna 312, a transmitter 304 (e.g., radio), a
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receiver 306 {e.g., radio), and a processing clement 308 (e.g., CPLDs, microprocessors,
mulii-core processors, coprocessing entities, ASIPs, microcontrollers, and/or controllers) that
provide signals to and receive signals from the transmitter 304 and receiver 306, respectively.
In some embodiments, the computing entity 110 includes one or more sensors 330 (e.g., a tag
reader). In some embodiments, at least one of the computing entitics 110 is coupled to the
logistics vehicle 120, The one or more sensors 330 can be one or more of) a pressure sensor,
an accelorometer, a gyroscope, a geolocation sensor {e.g., GPS sensor), a radar, a lidar, sonar,
sltrasound, an object recognition camera, and any other suitable sensor used to detect objects
or obtam information in a geographical environment that the logistics vehicle 128 is within.
The signals provided to and recetved from the transmitter 304 and the receiver
306, respectively, may include signaling information in accordance with air interface
standards of applicable wireless systems. In this regard, the computing entity 110 may be
capable of operating with one or more air interface standards, commumication protocols,
modulation types, and access types. Maore particularly, the computing entity 110 may operate
in accordance with any of a number of wircless communication standards and protocols, such
as those described above with regard to the logistics server(s) 105, In a particolar
embodiment, the computing entity 110 may operate in accordance with multiple wireless
communication standards and protocols, such as UMTS, CDMA2000, IxRTT, WCDMA,
TD-SCDOMA, LTE, E-UTRAN, EVDO, HSPA, HSDPA, Wi-Fi, Wi-Fi Direct, WiMAX,
UWR, IR, NFC, Bluetooth, USB, and/or the Hike, Similarly, the computing entity 110 may
operate in accordance with multipie wired communication standards and protocols, such as
those described above with regard to the logistics server(s) 105 via a network interface 320.
Via these communication standards and protocols, the computing entity 110
can comumunicaic with varicus other entities using conecepts such as Unstructured
Supplementary Service information/data (USSEY), Short Message Service (SMS), Multimedia
Messaging Service (MMS), Dual-Tone Multi-Frequency Signaling {(DTMF), and/or
Subscriber Identity Module Dialer (SIM digler). The computing entity 118 can also
download changes, add-ons, and updates, for instance, o its firmware, software {c.g.,
including executable instructions, applications, program modules), and operating system.
According fo particular embodiments, the compoting entity 110 may include
location determuning aspects, devices, modules, functionalities, and/or similar words used
herein interchangeably. For example, the computing entity 110 may inchide ouidoor

positioning aspects, such as a location module adapted o acquire, for example, latitude,
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longitude, altitude, geocode, course, direction, heading, speed, universal time (UTC), date,
and/or various other information/data. In particular embodiments, the location module can
acquire information/data, sometimes known as ephemeris information/data, by identifying the
number of satellites in view and the relative positions of those satellites {c.g., using global
positioning systems (GPS)). The satellites may be a variety of different satellites, including
Low Earth Orbit (LEO) satellite systems, Department of Defense (DOD) satelliie systems,
the European Union Galileo positioning systems, the Chinese Compass navigation systems,
Indian Regional Navigational satellite systems, and/or the like. This information/data can be
collected using a variety of coordinate systems, such as the Decimal Degrees (DD); Degrees,
Minutes, Seconds (DMS); Universal Transverse Mercator (UTM); Universal Polar
Stereographic {(UPS) coordinate systoms; and/or the like. Aliernatively, the location
information can be determined by iriangulating the computing entity’s 110 position in
connection with a variety of other systems, including cellular fowers, Wi-Fi access points,
and/or the like. Similarly, the computing entity 110 may include indoor posifioning aspects,
such as a location module adapted to acguire, for example, latitude, longitude, altitude,
geocode, course, divection, heading, speed, time, date, and/or various other information/data.
Some of the indoor systems may use various geolocation technologies including RFID tags,
indoor beacons or transmifiers, Wi-Fi access points, cellular towers, nearby computing
devices/entities (e.g., smartphones, laptops), and/or the like, For instance, such technologies
may inclade the iBeacows, Gimbal proximity beacous, Bluetooth Low Energy (BLE)
transmitiers, NFC transmitters, and/or the like. These indoor positioning aspects can be used
in a variety of settings to determine the location of someone or something to within inches or
centimeters.

The computing entity 110 may also comprise a user interface (that can include
a display 316 coupled to a processing element 308} and/or a user input interface (coupled to a
processing element 308}, For example, the user inlerface may be a user application, browser,
user interface, and/or similar words used herein interchangeably executing on andior
accessibie via the computing entity 110 to interact with and/or cause display of information
from the logistics server(sy 103, as described herein. The user input interface can comprise
any of & mumber of devices or interfaces allowing the computing entity 110 to receive
information/data, such as a keypad 318 (hard or sofi}, a touch display, voice/speech or motion
interfaces, or other input device. In embodiments including a keypad 31§, the keypad 318

can include {or cause display of} the conventional numeric (0-9) and related keys (#, ¥}, and
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other keys used for operating the compuling entity 110 and may include a full set of
alphabetic keys or set of keys that may be activated to provide a full set of alphanameric
keys. In addition to providing input, the user input interface can be used, for example, fo
activate or deactivate certain functions, such as screen savers and/or sleep modes.

As shown in FIG. 3, the computing entity 110 may also include a camera,
maging device, and/or similar words used herein interchangeably 326 (e.g., still-image
camera, video camera, 0T enabled camera, loT module with a low resolution camera, a
wireless enabled MCU, and/or the like) configured to capture tmages. The computing entity
110 may be configured to capture images via the onboard camera 326, and to store those
imaging devices/cameras locally, such as in the volatile memory 322 and/or non-volatile
memory 324, As discussed herein, the computing entity 110 may be further configured to
match the captured image data with relevant location and/or time information captared via
the location determining aspects to provide contextual information/data, such as a time-
stamp, date-stamp, location-stamp, and/or the like to the image data reflective of the time,
date, and/or location at which the image data was captured via the camera 326. The
contextual data may be stored as a portion of the tmage (such that a viseal representation of
the image data includes the contextual data) and/or may be sfored as metadata (e.g., data that
describes other data, such as describing a pavload) associated with the image data that may be
accessible to varions computing entities 110.

The computing entity 110 may inclode other inpuwt mechanisms, such as
scanners {e.g., barcode scanners), microphones, accelerometers, RFID readers {or Near-Field
Communication {(NFC) readers), and/or the like configured to capture and store various
information types for the compoting entity 118, For example, a scanner may be used fo
capture parcel/ifen/shipment information/data from an em indicator disposed on a surface
of a shipment or other item. In cerfain cmbodiments, the computing entity 110 may be
configured o associate any captured input information/data, for example, via the onboard
processing element 308, For example, scan data captored via a scanner moay be associated
with image data captured via the camera 326 such that the scan data is provided as contextual
data associated with the image data.

The computing entity 110 can also inchude volatile storage or memory 322
and/or non-volatile storage or memory 324, which can be embedded and/or may be
removable.  For example, the non-volatile memory may be ROM, PROM, EPROM,
BEEPROM, flash memory, MMCs, SD memory cards, Memory Sticks, CBRAM, PRAM,



10

13

WO 2022/093532 PCT/US2021/054747

17

FeRAM, NVRAM, MRAM, RRAM, SONOS, FIG RAM, Millipede memory, racetrack
memory, and/or the ke, The volatile memory may be RAM, DRAM, SRAM, FPM DRAM,
EDC DRAM, SDRAM, DDR SDRAM, DDR2 SDRAM, DDR3 SDRAM, RDRAM,
TTRAM, T-RAM, Z-RAM, RIMM, DIMM, SIMM, VRAM, cache memory, register
memory, and/or the like. The volatile and non-volatile storage or memory can store data
stores, data store nstances, data store management systems, information/data, applications,
programs, program modules, scripts, source code, object code, byie code, compiled code,
interpreted code, machine code, executable instructions, and/or the like fo implement the
functions of the compating entity 110, As indicated, this may include a user apphication that
is resident on the entity or accessible through a browser or other user interface for
communicating with the logistics server(s} 103 and/or various other computing entities.

In another embodiment, the computing entity 110 may include one or more
components or functionality that are the same or similar to those of the logistics server(s)
105, as described in greater detail above. As will be recognized, these architectures and
descriptions are provided for exemplary purposes only and are not limiting to the various
embodiments.

V. Exemplary Schematic Diagrams

FIG. 4A is a schematic diagram of an enviromment 400 illustrating how one or
more parcels may interact with various reader components, according to some embodiments.
The environment 400 may be a sorting facility as described herein. In some embodiments,
the environment 400 alternatively or additionally represents a warchouse facility, another
logistics facility {(e.g., a logistics store to drop off packages), or any other suitable facility
where parcels can be tracked. The environment 400 may include a conveyver apparatus 425
that includes a first reader component 414, a second reader component 420, and a parcel 430,
In some embodiments the first reader component 410 and/or second reader component 420
may be integrated with the conveyer apparatus 425. The parcel 430 includes a tag 440 fixed
the parcel 430. Referencing FIG. 1, in some embodiments, the conveyor apparatos 425
represents the conveyor apparatus 125 and may be communicatively coupled via the network
135,

The environment 400 illustrates that the convever apparatus 425 may shift
{(also referred fo as “move”) the parcel 430 from one position in the environment 400 to
another while receiving {as illustrated in FIG. 1} load data 127. The conveyer apparatus 425

may avtomatically facilitate the movement of the parcel 430. In some embodiments, a
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“conveyor apparatus” as described herein includes any suitable conveyor belt assembly that
includes a convevor belt (continuous mediurg that carries parcels from one location to
another) one or more roliers or idlers that rotate the belt or rotate such that the parcels are
moved, and/or one or more pulleys {(e.g., located on the ends of the conveyor apparatus 425}
that transmit drive power into the belt. A conveyor apparatus, however, need not require a
“belt” but can use rollers or other mechanisms to move parcels. The conveyor apparatus 425
may include a rotating component {¢.g., a belt or set of rollers} that is configured to cause
movement of one or more parcels for loading the one or more parcels. Each time the rotating
component causes movement of a parcel 430 past the first reader component 410 or relative
o the second reader component 420, the first or second reader component 410 or 420 reads
the tag 440 of the parcel 430, which may be then transmifted over a network 135 (as
described in FIG, 1},

The first reader component 410 and/or second reader component 420 may
identify {also referred to as “read™) the tag 440 of the parcel 430 by various methods
described herein. As iHustrated in FIG. 4A, the reader component 418 may include an optical
sensor for reading aspects of the tag 440. For example, the tag 440 may be a barcode. The
barcode may include identifying information about the parcel 430, such as the destination,
type, and size of the parcel 430. In some embodiments, the second reader component 420
may alternatively or in combination with the first reader component 410 identify the tag 444,
The second reader compovent 420 may be configored to identify the tag 440 asing
ciectromagnetic ficlds to track the tag, such as RFID technology. For cxample, the tag 440
may inchide an RFID {ag, and the second reader component 428 may identify the tag 440 as
the parcel 438 moves along the conveyer apparatas 425,

Although FIG. 4A illustrates the first reader component 410 and the second
reader component 420 described above, the first and second reader components 410 and 420
may be described herein with regard 1o several additional and aliernative embodiments. FIG.
44 meludes the conveyer apparatus 425, and the first reader component 410 reading the tag
448 of the parcel 430. As illustrated, the first reader component 418 s coupled to or a part of
the conveyor apparatus 425, with the first reader component 410 specifically being oriented
in a position higher than or above the surface of the conveyor apparatus 425 so that the first
reader component 410 can read each fag 440 of cach parcel 430, Although the first reader
component 410 is illusirated as being attached or a part of the conveyor apparatus 425, it is

undersiood that the first reader component 410 or any other component that reads tags does
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not have to be aitached to a conveyor apparatus 425 and ¢an be oriented in any suitable
position {e.g., on a ceiling or be stand-alone) and can take on any suitable form (e.g., a sphere
or triangle) or any other configuration besides what is iHustrated in FIG. 4A.

The tag 440 may be described with regard to several embodiments. The tag
440 may include information similar fo the barcode described above, and/or include
wdentifying mformation about the parcel 430, such as the destination, type, and size of the
parcel 430, The tag 440 may include specific identifiers and values, such as destination {(e.g.,
address where the parcel 430 is delivered to), size (e.g., weight or dimensions}, and type {e.g.,
smalls, drom, box)}, it is understood that this is representative and that any identifier or values
associated with a corresponding parcel 430 can alternatively or additionally be stored to any
tag. For example, the tag 440 may alternatively or additionally inchude other atftributes or
identifiers, such as: shipper name, fragileness of the parcel 430, the level of security
associated with the parcel 430 (e.g., high security parcels 430 may be sorted to a particular
logistics vehicle, described below), indications of whether the shipment is expedited, zip
code, whether the parcel 430 is domestic or foreign, eic. Some or each of these identifiers
can be used to sort the parcel 430 as described herein.

As the first reader component 410 and/or second reader component 420
identify tags such as tag 440 as they move along the conveyer apparats 425, the information
received may not only include information from the tag 440, but also inchude indications of
the tag 440 position. The second reader component 428 may receive an indication of the tag
440 position based on a relative location of the second reader component 420 to the tag 440,
For example, the second reader component 420 may receive the indication of the tag 440
position based on the signal strength received from the tag 440, In some embodiments, the
signal strength may be stronger when received by the second reader component 420 when the
tag 440 is closer 1o the second reader component 440 than when the second reader component
424 is further from the tag 440. The first reader component 410 may receive an indication of
the position of the tag 440 based on the view of the tag 440 from the optical sensor (described
above). Other methods of receiving an indication of the position of the tag 440 are described
herein.

In some embodiments the first reader component 410 or second reader
component 420 and tag 440 {or any other reader/tag corabination described herein) are RFID,
NFC, or any other suitable combination of reader and/or tag devices equipped with antennas

and the Hike. In some embodiments, each tag 440 is passive, active, or semi-passive. Some
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embodiments of an RFID tag may include an active RFID tag, which comprises at least one
of the following: (1) an internal clock; (2) a memory; (3) a microprocessor; and (4) at least
one input interface for commecting with sensors located in the first or second reader
components 410 and 420, Ancther embodiment of the RFID tag may be a passive RFID tag.
Each RFID tag may communicate wirelessly with RFID interrogators or readers within a
certain geographical range or signal strength threshold of cach other,

It is understood that in particular embodiments, a “tag” and a “reader” are not
limited to RFID, NFC, or similar technologies but may broadly include other embodiments
where any data is read from any suitable medium by a computer-readable machine. For
example, a “iag” may be or inclade a paper or other medium that includes a barcode, QR
code, data matrix code, smart code, or other code or computer-readable indicia of identifiers.
in these embodiments, any suitable associated machine reader can be used to read the code of
wdentifiers, such as an electronic scanner {e.g., 3 bar code scanner).

FI1G. 48 illustrates another schematic diagram of an environment illustrating
how one or more positions may be determined. Similar features and components are
illustrated to those deseribed in FIG. 4A, but the features and components may be different
from or similar 1o those iilustrated in FIG. 4A with regard to several embodiments. In some
embodiments, the components of FIG. 4A are included in FIG. 4B. As illustrated, the first
reader components 410A and 410B may be located at different locations in a sorting facility
such as environment 400. A parcel 430 may be shifted along the conveyer apparatos 425, As
the parcel 430 is shifted, the parcel 430 may be soried along branches of the conveyer
apparatus 425, For example, the parcel 430 may be shified in the direction of the first reader
component 410A or 410B. Each branch of the conveyer apparatus 425 may terminate at a
different logistics vehicles 4504 or 4508.

A set of positions of the tag 440 may be determined by the first reader
components 410A and 410B and/or the second reader component 420 as the parcel 430 is
shifted along the convever apparatus 425. The set of positions may inchude multiple
positions of the tag 440, Bach position may be determuined using a number of methods. As

escribed herein, the tag 440 may be identified by the first and/or second reader components
410A, 4108, 420 by various methods. In embodiments using the first reader components
410A and 4108, the location of the tag 440 may be determined by an association of the time
the tag 440 was identified and/or the static position of the first reader components 410A and

410B. In embodiments using the second reader component 420, the location of the tag 440
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may be determined by the relative signal strength of the tag 440 received by the second
reader component 420 and/or the known position of the second reader component 420,

In the environment 408, a parcel 430 may have muliiple parcel paths, as
illustrated in FIG. 4B. A parcel path may be the route a parcel 430 has taken, inchuding a
series of positions of the tag. For example, in FIG. 4B there are two parcel paths illustrated.
One parcel path may be n the divection of the first reader component 4108 and the second
parcel path may be in the first reader component 410A.  Stated differently, reader
components may be present along different parcel paths. Each serigs of positions of the tag
440 may be associated with a parcel path.

In some embodiments, each parcel path may be defined as a transition of a
parcel 430, A transition may be the seguential change in the position of a parcel. As
described herein, in some embodiments the position of the parcel may be the location of
physical environmental scarmers such as the first environroental scanners 410A and 410B. A
parcel path may be the transition from one environmental scanner 1o the next. For example,
along a particular parcel path, there may be three environmental scanners - scanner A, B, and
C. As the parcel 13 shifted along a conveyer apparatas, the parcel position may be registered
at the location of scanmer A, then B, then C. The transition, therefore, is from Ato Bto C
locations. The parcel path, therefore, may also be the transition from location Ato Bto C.

V. Exemplary Processes

FIG. 5 s an schematic diagram of an example process 500 for determining
parcel position errors, according to some embodiments. The process 508 of FIG. 5§ may
illusirate various process(s) for an environment such as environment 400 ilhustrated in FIGS
4A and 4B for a parcel 430 read by a {irst environmental reader component 410 (or 410A and
410B) and second environmental reader component 420,

FIG. 5 illustrates a data store 540. The data store 540 may be housed in
volatile memory and/or non-volatile memory {such as volatile memory 215 and non-volatile
memory 210 described in FIG. 2). The data store 540 may include a load data 510 which
may be received by environmental sensors described herein. The load data 510 may include
a first set of positions of a tag 440, described herein. The data store 540 may include a
configoration data 520, The confipuration data 520 may inchide indications of the
environmental sensors and the environmuental sensor positions and a second set of positions
of a tag 440. The configuration data 520 and the load data 510 may be submitted t© a

logistics server 550 or the logistics server 550 may be in communication with the data store
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540. In some embodiments the logistics server may be in communication with the data store
over a network {(for example, network 135 described in FIG. 13 The logistics server S50 may
include a determiner component 560 and an error component 570, In some embodiments, the
determiner component 560 and/or error component 570 may include or be in conununication
with one or more processing elements {such as processing element 205 described in FIG. 2).
The determiner cornponent 560 may receive the configuration data 520 and the load data 510,
In some embodiments, the determiner component 560 may compare the load data 510 to the
configuration data 520 to determine the first set of positions are beyond a threshold from the
second set of positions of the tag. Based on the comparison of the determiner component
560, a parcel position error may be determined by the ervor component 574,

Load data 510 may include data received from the environment 400 from
environmental scanners. The load data 510 may include data from scans of a tag 440 on a
parcel 430 (described in FIGS. 4A and 4B). In some embodiments, the load data 510 may
include the data from a phurality of tags associated with a plurality of parcels. The load data
510 may be organized by any identifier of the tag 440 {described herein), the environmental
scanner that identified the tag 440, the time the tag 440 was scanned, or any other weans.
The load data 510 may be disorganized. In some embodiments, the load data 510 may
include a first set of positions of a tag 440 which may be relative to at least one of the
plurality of environmental sensors, as described above., For example, with regard to FIGS.
4R and 3, the environmental sensors may be at & plarality of environmental sensor positions,
illustrated as first reader coroponent 4104 and 410B and second reader component 420 at
different locations in the environment 400. As a parcel 430 with a tag 440 is shifted along
the conveyer apparatas 425, at least one environmental sensor described may read the tag 440
to submit the read event as load data 510 which may include the relative location of the
environmental sensor to the tag 440. For example, the relative location of the tag 440 io the
first environmental sensor 410B may be the location of the first environmental sensor when
the tag 440 1s read. As another example, the relative location of the tag 4440 to the second
environmental sensor 420 may be based on the signal strength to the tag 440. Additional
illostration of each of these embodiments are described herein.

In some embodiments, the load dats S10 may be filtered by filtering
component 515, In embodiments where the Toad data 510 comprises a plurality of tags, the
filtering component 515 may filier the plurality of tags to identify 3 single tag. For example,

the plarality of tags may be associated with a plurality of identifications of a parcel described
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above. The filtering component 515 may present only data corresponding to a single
identification. The filtered load data 510 may be sobmitted to the determiner component 560
1o replace or in addition to the load data 510 as described herein.

Continuing with FIG. 5, the configuration data 520 may include indications of
the plarality of environmental sensors and indications of the environmental sensor positions.
The configuration data 520 may include domain knowledge of the enviromment 400, The
domain knowledge may be manually or automatically determined prior to or concurrent with
any received load data. For example, the configuration data 520 may include indications of a
phurality of environmental sensor positions and indications of the plurality of environmental
SENSOTS,

The configuration data 520 may also inchude other domain knowledge of the
environment 40, For example, the configuration data 520 may include the second set of
positions of a tag of a plurality of tags associated with a plurality of parcels. Fach of the
second set of positions may be validated data or reference data. The second set of positions
may also be relative to at least one of the plurality of environmental sensors at the phurahity of
environmental sensor positions.

In erobodiments where the load data 510 include the first set of positions of
the tag, the first set of positions of the tag may include a series of positions of the tag
associated with the first parcel. In this same embodiment, where the configuration data 520
mcludes the second set of positions of the tag, the second set of positions of the tag may
include a scries of positions of the tag associated with the plurality of parcels. The series of
positions of both the first set of positions and the second set of positions may be a sequential
list of positions organized by timestamp for each respective tag. The series of positions may
be related to one another, as an organized list of related positional data.

The comparison of the load data 510 to the configuration data 520 by the
determiner component 560 may include determining the first set of positions of the tag are
beyond the threshold from the second set of positions from the tag. Determining the load
data 510 exceeds the threshold ray include comparing individual or multiple positions of at
least one tag 440 from the load data 510 to the plurality of tags from the configuration data
520. In some embodiments, determining the load data 510 exceeds the threshold may include
comparing the associated environmental sensor of the load data 510 to the associated

environmental sensor of the configuration data 520. If an individual position of the tag 440
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from the load data 510 exceeds the threshold from the configuration data 520, the parce
position ervor may be determined.

The threshold may be manually, automatically, or individually set by a user or
the logistics server 103, The threshold may be a deviation between the first set of positions
of the tag and the second set of positions of the tag. The deviation between the first set of
positions and second set of positions may be based on time windows. For example, the
threshold may be based on a difference in time between a first set of positions and a second
set of positions of a plurality of tags at a first environmental sensor. The difference in time
may be a time window, where the first and second sets of positions may be historical
distributions of the pluorality of tags. The threshold, therefore, may be automatically
determined based on historical distributions based on the configuration data 520, The
threshold may not be only a gap in time, the threshold may be any aspect of data that may be
received from the tag, described herein. For example, the first set of positions of the tag may
be determined to be beyond the threshold based on a determined missing position by the
determiner component S60. The determiner component 560 may compare all positions of the
first set of positions o the second set of positions to determine the missing position.

In some embodiments, the determination the fivst set of positions of the tag are
beyond the threshold may further be based on start nodes of the configuration data 520 and
foad data 510. In some embodiments, the configuration data 520 may include a phurality of
configuration start nodes. The configuration start node may define a first initial position of
the second set of positions of the tag, In some embodiments, the configuration start node
may be a start position of a conveyer apparatus in a sorting facility, For example, the
configoration start node may be a location where parcels are loaded onto a conveyer
apparatus. A load start node may be determined by 3 start node determiner 590, The start
node determiner 590 may determine 3 load start node from the load data 510 defining a
second initial position of the first set of position of the tag. The start node determiner 590
may receive the load data S10 to determine the load start node. In some embodiments, the
load start node may be the first position of the tag in the load data 510,

In some embodiments, the determination the first set of positions of the tag are
beyond the threshold may farther include, in some embodiments, comparing the plurality of
configuration start nodes and the load start node. For example, the determined load start
node by the start node determiner 590 may not be the same position or beyond a threshold

from the position of any of the configuration start nodes.
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In some embodiments, the determination the first set of positions of the tag are
bevond the threshold may also or alternatively be based on end nodes of the configuration
data 520 and load data 510. In some embodiments, the configuration data 520 may include a
pharality of configuration end nodes. The configuration end node may define a first final
position of the sccond set of positions of the tag. In some embodiments, the configoration
end node may be an end position of a conveyer apparatus in a sorting facility, For example,
the configuration end node may be a position where parcels are loaded onto a logistics
yehicle. A load end node may be determined by an end node determiner 595, The end node
determiner 595 may determine a load end node from the load data 510 defining a second final
position of the fivst set of positions of the tag. The end node determainer 395 may receive the
load data 510 to determine the load end node. In some embodiments, the load end node may
be the final position of the tag in the load data 510.

In some ermmbodiments, the determination the first set of positions of the fag are
beyond the threshold may further include, in some embodiments, comparing the plurality of
configuration end nodes and the load end node. For example, the determined load end node
by the end node determiner 595 may not be the same position or beyond a threshold from the
position of any of the configuration end nodes.

A parcel position error may be based on the comparison of the load data 510
to the configuration data 520, In some embodiments the parcel position error may be
determined by the determiner component 560 and commumicated to the ervor component 570,
In some embodiments the error component 570 may determine the parcel position error.

The error component 570 may communicate the parcel position error 10 a
graphical user interface. In some embodiments, parcel position error may cause for display a
remedial action. The remedial action may include removing a parcel from the conveyer
apparatus, causing to alter or signaling to alter the configuration data 520, or requesting user
input to ignore the error. Additional remedial actions contemplated are further described
herein and/or may be known by one of ordinary skill in the art.

In some embodiments, the association component 380 may determine an
association of the first set of positions of the tag and the second set of positions of the tag of
the plurality of tags. For each of the first and second set of tags the association component
580 may also determine at least one of the plurality of environmental sensors at the
environmental sensor position of the plurality of environmental sensor positions. The

association component 580 may determine for each set of positions of the tag that they share
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at least one environmental sensor position. In some embodiments, when an association is not
determined, error component 570 may commonicate the failed association from the
association component 380,

FIG. 6 1s another schematic diagram of an example process 600 for
determining parcel position errors, according o some embodiments. The process 600 of FIG.
6 may, similar i0 FIG. § desceribed above, illustrate various process{s) for an environment
such as environment 400 illustrated in FIGS 4A and 4B for a parcel 430 read by a first
environmental reader component 418 (or 410A and 410B) and second environmental reader
component 424,

FIG. 6 illusirates data store 540 may mmclude load dats 610 and configuration
data 620 may be received. The configuration data 620 may include a plurality of parcel
paths. The logistics server 650 is also illustrated with a path determiner 694, presentiation
tayer 695, determiner component 660, and an error component 670. The configuration data
620 and the load data 610 may be submitied to the logistics server 650 or the logistics server
650 may be in communication with the data store 640. In some embodiments the logistics
server 650 may be in commumication with the data store 640 over a network {(for example,
network 135 described in FIG. 1). In some embodiments, the determiner component 660,
path determiner 690, and/or error component §70 may include or be in communication with
one or more processing elements (such as processing element 205 described in FIG. 2. The
load data 610 may be received by the path determiner 680 to determine a2 parcel path of a
parcel. The determiner component 660 may determine the parcel path exceeds a threshold
based on the configuration data 620, which may inclade a phlurality of parcel paths of an
environment. The error component 670 may determine a parcel position errvor based on the
determination of the determiner component 660,

Load data 610 may include data similar to the load data 510 described in FIG.
5. The load data 610 may include data from scans of 2 tag associated with a parcel. In some
embodiments the load data 610 may be received from multiple tags associated with multiple
parcels.

The configuration data 620 may inclode indications of the plurality of
environmental sensors and indications of the phurality of environmental sensor positions,
stmilar to the data described for configuration data 520. However, the configuration data 620
may alternatively or additionally include a plurality of parcel paths (described above). The

configuration data 620 may inclade domain knowledge, which may include the plurality of
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parcel paths that may be manually or automatically determined prior to or concurrent with
any received load data 610. The plorality of parcel paths of the configuration data 620 may
inchude a plurality of routes. In some embodiments, each of the phurality of parcel paths
describe every possible path 3 parcel may traverse in the environment.

Determining the parcel path of the parcel by the path determuner 690 may
include receiving the load data 610, In some embodiments, path determiner 690 may filter
the load data 610 for each tag, and organize the filtered data by timestamp, size, or other
information received from the scans of the tag. The path determiner 690 may analyze the
filtered, organized, and/or raw load data 610 and determiine at least one parcel path. For
example, in some embodiments, the parcel path may be determined by deterouming a start
node and an end node of a tag from the load data 610 and from the determined start and end
nodes, organizing the load data 610 for the tag by sequential position. In some embodiments
determining the parcel path may inclade determining sequential positions of the tag and
linking each sequential position to form a path, In some embodiments determining the parcel
path may include comparing the load daia 618 to the configuration data 620 and the plurality
of parcel paths to determine a likely maich.

In some embodiments, determining the at least one parcel path may include
calculating a time difference between a first position and a second position of the first set of
positions of the tag from the load data 610. The first position may be associated with a first
environmental sensor of the plurality of environmental sensors and g second position
associated with 3 second environmental sensor of the plurality of environmental sensors. The
time difference between the first posttion and the second position may indicate the parcel
path. In some embodiments the configuration data 620 may include a time window for each
parcel path of the plurality of parcel paths. The determiner component 660 may compare the
time difference between the at lcast one parcel path and the plurality of parcel paths of the
configuration data 620 to determine a parcel path that corresponds to the time difference.

In some embodiments, the configuration data 620 may not be used io
determine the at least one parcel path. In some embodiments, the time window for each
parcel path may be manually entered. In these embodiments, the determiner component 660
may compare the time difference between the at least one parcel path and the pharality of
parcel paths o the manually entered time window to determine a parcel path that corresponds

1o the manmually entered fime window.
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Determining the at least one parcel path exceeds the threshold may be
determined by the determiner component 660. The determiner component 660 may receive
the at least one parcel path from the path determiner. The determiner component 660 may
also receive the configuration data 620. In some embodiments, the determiner component
may determine the at least one path exceeds the threshold, based on the environmental sensor
positions, the at least one parcel path, and the plurality of parcel paths.

The threshold in Fi(3. 6 may be a deviation of the at least one path from the
configuration data 620, As described above, the configuration data 620 may include a
phurality of parcel paths. The threshold, 1n some embodiments may be a deviation of the at
least one path from the phurality of parcel paths. For example, in some embodiments
described above the plurahity of parcel paths may be every possible path in an environment.
if the at least one path does not maich any of the plurality of parcel paths, the determiner
component 660 may determing the at least one path exceeds the threshold.

In some embodiments, determining the at least one parcel path exceeds 3
threshold may comprise a comparison of an average parcel position to the first set of parcel
positions. For example, the configuration data 620 may inclade an average parcel position
for each position of the second set of positions for each path of the plurality of paths. The
determiner coroponent 660 may determine the parcel path exceeds the threshold by
comparing the average parcel position of the configuration data 620 to the first set of parcel
positions. As described herein, the at least one parcel path may have an associated first set of
positions and the determiner component 660 may determine a position of the first set of
positions are beyond any associated average parcel position.

In embodiments where the parcel path 13 a transition, described above,
determining the at least one parcel path exceeds a threshold may include determining an
invalid transition. The plurality of parcel paths of the configuration data 620 may inchude all
valid transitions. For example, the plurality of parcel paths may include transitions from A to
B o C parcel locations and from A to C to B, these may be valid {glso referred o as “legal™
transitions. If the load data 610 indicates a transition of a parcel from B 1o A to C, the
transition may be invalid (also referred 1o as “illegal™. The invalid transition may exceed an
exact threshold of only valid transitions of the configuration data 620. As another example,
the load data 610 may indicate a fransition from A to C without any indication of parcel
focation B. The transition may be invalid. The imvalid transition may exceed the threshold

because the iransition of the load data 610 is beyond the configuration data 620.
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The error component 670 may receive the determination the at least one parcel
path exceeds the threshold, In some embodiments, the ervor component 670 may determine a
parcel position error based on determining the at least one parcel path exceeds the threshold.
It is contemplated in some embodiments the determiner component 660 may determine the
parcel position error.

In some embodirnents the ervor component 670 may submit the parcel position
error 10 a graphical user interface, described herein. In some embodiments, the at least one
parcel path may be simultancously displayed on the graphical user interface or displayed
independent from the parcel position error,

In some embodiments, the error component 670 may submit the parcel
position error to an amendment component 680. The amendment component $80 may cause
the configuration data 620 to include the at least one parcel path based on the parcel position
error. 1t may be advaniageous, in some embodiments, to add the at least one parcel path io
the configuration data 620. In these described embodiments, the configuration data 620 may
include parcel paths that were not previously with the phurality of parcel paths. The
amendment component 680 may therefore improve the accuracy of the configuration data
620, In some embodiments the amendment component 680 may be caused to amend the
configuration data 620 in response to a user input on g graphical user interface,

In some embodiments, the amendment component 680 may modify the load
data 610. In these same embodiments, the error component 670 may submit the parcel
position error to the amendment component 680. The amendment component 680 may
determine a first position of the first set of positions may correspond to the parcel position
error. Stated differently, the amendment compounent 680 may determine a specific position of
the first set of posttions that exceeds the threshold. The amendment component 680 may also
determine a second position of the second set of positions associated with the first position.
Stated differently, the amendment component 680 may determine which position of the
second position corresponds to the determined specific posttion. In some embodiments this
determination may be completed by the determiner component 660 or error component 670
when determining if the first set of positions exceed a threshold as described herein. The
amendment component 680 may modify the first position to the second posttion of the load
data 610. These ermbodiments may allow the described systems and methods to ensure the
load data accurately reflects the path or position of the parcel, and may account for misreads

from the environmental sensors,



10

13

WO 2022/093532 PCT/US2021/054747

30

In some embodiments, the amendment component 630 may modify the first
position to the second position by implementing a gueoe data structure.  In these
embodiments, the amendmoent component 680 may receive the at least one parcel path from
the path determiner 690, described herein. The amendment component 680 may generate an
empty data structure based on the at least one parcel path. The empty data structore may be
sorted by the at lcast one parcel path’s edit distance with the lowest edit distance on iop of the
resulting data structure. In some cmbodiments, the data structure may be a measure of
difference (or variance} between the at least one parcel path and the configuration data 620,
The edit distance may be the summed cost of amendments by the amendment component
680, The data structure may be a gueuc data structure with the top parcel path with the
lowest edit distance from the data structire may be removed from the data structure and
stored as a current path in data store 640. If for each of the at least one parcel path the
current path has a comparatively larger edit distance, then the at least one parcel path with the
lower edit distance may replace the current path. o some embodiments any corresponding
first position of the load data 610 may be replaced by a second position corresponding to the
current path by the amendment component 680,

In some ernbodiments, the amendment component 680 is in comununication
with the determiner component 660, The amendment component 680 may receive illegal
transitions and/or legal transitions, described herein, and compare them to the current path in
the data store 640, described above. The amendment component 680 may replace any illegal
transitions with legal transitions for the current path. In this way, parcel paths may be
amended to replace any errongous parcel paths with illegal transitions with legal transitions to
ensure a legal parcel path.

In some embodiments, the presentation layer 695 receives the determination of
the parcel position error based on determining the at least one parcel path exceeds the
threshold. The presentation layer 695 may cause to present the parcel position error on a
graphical user interface (such as graphical user interface 700 of FIG. 7 described herein). In
some embodiments, the presentation layer 695 may cause to present the parcel position error
and the at least one parcel path determuined by the path determiner 6%0. In some
embodiments, the presentation laver 695 may cause to present only the at least one parcel
path.

Vi Exemplary Graphical User Interfaces
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FIG. 7 is an schematic diagram of the parcel path on a graphical user inferface
700, according to some embodiments. Also displayed is a graphical representation 710 of a
phurality of parcel paths, fag identifier 720 which may be a parcel tracking number as
illustrated or any other identification of a parcel described above, a first set of positions 730,
and package wamings 740, In some embodiments, as illustrated, the graphical representation
710 may be simultancously displayed with the tag identifier 720, the first set of positions 730,
and package wamings 740. In some embodiments, as illustrated, an indication of the
customer counter 750 may also be displayed simultaneously or independently of other
clements of the graphical user interface 700,

The graphical user interface 700 may be the graphical user mierface of a
computing device 110 (described in FIG. 1). In some embodiments, the graphical user
interface 700 may receive user input via a keyboard and mouse, touch input, or other means.
The graphical user interface 700 may be displayed on a screen of the computing device 116,
printed, and/or provided by other means.

The graphical representation 710 illustrates a plurality of parcel paths 715A,
B, and C. In some embodiments, the graphical representation 710 may inclade the plarality
of parcel paths 715A, 7158, and 715C. As described herein with reference to at-least FIGS.
1 and 6, parcel paths such as the plurality of parcel paths 715A, 7158, and 715C may be
determined by logistics server(s) 105 and/or path determiner 690. Fach of the plurality of
parcel paths 7184, 715B, and 715C may be displayed simultaneously or individually, and in
some embodiments additional or fewer parcel paths 7154, 7158, and 715C may be illustrated
on graphical representation 718,

The graphical representation 710 may illustrate an environment of a sorting
facility, illusirating all possible parcel paths along a conveyer apparatus.  Indications of
direction 760 of the conveyer apparatus may also be illusirated. Indications of a parcel
focation 770 may also be illustrated. In some embodiments, the indications of the parcel
location 770 may change from a first graphical illusitration to a second different graphical
tllustration to illustrate a parcel position ervor, For example, an indication of a parcel position
error 780 illustrates one graphical illustration of the parcel position error. Each of the
ndications of divection 760 and parcel location 770 may be illustrated with a graphical
representation, such as a graphical representation of divection or location, a popup, 3 prompt,
or a color to visually distinguish the indication from other aspects of the graphical

representation 710,
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In some embodiments, as described, the parcel location 770 may coincide with
or rvepresent the location of an envirommental sensor.  In embodiments where the
environmental sensor is an optical sensor for reading a barcode, for example, each parcel
location 770 may indicate the location of an optical sensor.

The embodiment of the graphical representation 710 moay provide a user with a
holistic representation of parcel position ervors, parcel routes, and/or parcel positions.

A first set of positions 730, are also illustrated on the graphical user interface
700. The first set of positions 730 illustrate for the given tag identifier 720, the scan location
of the parcel and the timestamp of the scan location.

Package warnings 740 are also illustrated. Package warnings 740 may
include or be associated with the parcel position error.

VL. Exemplary Flow dicgrams

FIG. 8 is a tlow diagram of an example roethod 800 of determining a parcel
position error, according to some embodiments. The example method 800 may be
implemented by the example computing environment 100, described in FIG. 1 described
above. The method 800 (and/or any of the functionality described herein (e.g., method 9004))
may be performed by processing logic that comprises hardware {(e.g., circuiiry, dedicated
logic, programumable logic, microcode, etc.), software (e.g., instructions Tun on 4 processor o
perform hardware simmulation), firmware, or a combination thereof described in FIGS. 1-3
herein. Although particular blocks described in this disclosure are referenced in a particular
order at a particular quantity, it is understood that any block may occur substantially parallel
with or before or after any other block. Further, more (or fewer) blocks may exist than
illustrated. Such added blocks may include blocks that embody any functionality described
herein. The computer-implemented method, the system (that includes at least one computing
entity 110 having at least one processor and at least one computer readable storage medium),
and/or the computer program product as described herein may perform or be caused o
perform the method 300 or any other functionality described herein.

At block 810 load data may be received. The load data may be received from
a plurality of environmental sensors at a plurality of environmental sensor positions. The
load data may inclode a first set of positions of 3 fag associated with a first parcel relative to
at least one of the plurality of environmental sensors at an environmental sensor position of
the plurality of environmental sensor positions. In some embodiments the first set of

positions of the tag may ceoincide with the positions of the environmental sensors. In some
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embodiments the first set of positions may be relative to the environmental sensors, described
herein.

At block 820 configuration data may be received including indications of the
phurality of environmental sensors and indications of the plurality of environmental sensor
positions. The configuration data may also inchide a second set of positions of a tag of g
plurality of tags associated with a plurality of parcels relative to the at least one of the
pharality of environmental sensors at the environmental sensor positions of the plurality of
environmental sensor positions.

At block 830, a parcel position error may be determined. The parcel posttion
error may be based on a comparison of the load data and the configuration data. In some
embodiments, the comparison may comprise determining the first set of positions of the tag
are beyond a threshold from the second set of positions of the tag of the plurality of tags at
the at least one of the plurality of environmental sensors at the environmental sensor position
of the plurality of environmental sensor positions,

At block 844, indications of the parcel position error is cansed to be presented
on a graphical user inferface (e.g., the graphical user interface 700 as indicated in FIG. 7).
For example, in response o the determining of the parcel position per block 830, the error
component 670 {described FIG 6} may communicate {e.g., via an application programming
interface (AP} with the presentation layer 695, which structares the data in some way and
causes presentation on a oser device {e.g., the computing device 110). In some embodiments,
the presentation layer 695 is a layer of abstraction that comprises or provides data {o one or
more applications or services on a user device, across multiple user devices, or in the clond.
For example, in some embodiments, the presentation layer 695 manages the presentation of
content 1o a user across multiple user devices (such as one or more computing entities 110)
associated with that user. Based on content logic, device features, and/or other user data, the
presentation layer 695 may determine on which user device(s} content is presented or caused
to be presented, as well as the context of the presentation, such as how {or in what format and
how much content, which can be dependent on the user device or context) it is presented,
when it is presented.

In some embodiments, the presentation layer 695 generates graphical
representations such as those described with respect fo FIG. 7. Such graphical
represeniations can include interface clements (such as graphics buttons, sliders, menus,

audic prompts, aleris, alarms, vibrations, pop-up windows, notification-bar or status-bar
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items, in-app notifications, or other similar features for interfacing with a wser), queries, and
prompts. For example, the presentation layer 695 can present parcel paths 7I15A, 7TI8B, and
715C as deseribed in FIG. 7.

Alternative or in addition to block 844, particular embodiments may send a
control signal to one or more machines, apparatuses, or articles of manufacture to activate or
otherwise cause tangible functionality in response to the determining of the parcel position
error at block 830, For example, some embodiments can send a control signal instructing a
conveyor apparatos o slow down in response o determining that the error is above an error
threshold.  Alternatively or additionally, some embodiments may send a computer-readable
instruction o a device or machine, which instructs and causes it to display a notification or
emit an alert (e.g., an auditory alert or visual LED alert) in response o the parcel position
error being above a threshold. In some embodiments a computer-readable instruction may be
submiited to the conveyer apparatus (such as conveyer apparatus 425 of FIG. 44 and 4B
described in FI1G, 4} to sort the parcel onto a particular parcel path or to a holding away from
the conveyer apparatus 425,

FIG. 9 1s second flow diagram of an example method of determining a parcel
position error, according to some embodiments, The example method 900 may be
implemented by the cxample computing environment 100, described in FIG. 1 described
above.

At block 910, a load data may be received. The load data may be received
from a plurality of environmental sensors at a phurality of environmental sensor positions.
The load data may include a first set of positions of a tag associated with a first parcel, each
of the positions of the first set of positions may be relative 1o at least one of the plarality of
environmental sensors at the plorality of environmental sensor positions.

At block 920, a configuration data may be received. The configuration data
may include indications of the plurality of environmental sensors and indications of the
plurality of environmental sensor positions. The configuration data may also inchude a
plurality of parcel paths comprising a route based on a second set of positions of a tag of a
phurality of tags associated with a plorality of parcels.

At block 930, at least one parcel path may be determined, the at least ong
parcel path may be determined from the load data received at block 910, In some
embodiments, the at least one parcel path may be determined based on the first set of

positions of the {ag.
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At block 940, at least one parcel path may be determined to exceed a
threshold. The at least one parcel path may be determined to exceed a threshold based on the
phurality of parcel paths, the at least one parcel path, and the phuwality of environmental
8ENSOr positions.

At block 950, a parcel position error may be based on determining the at least
one parcel path exceeds the threshold.

At block 960, the parcel position error from block 950 may be presented. In
some embodiments the parcel position error may be displayed as described in block 844

FIG. 10 1s a third How diagram of an example method 1000 of determining at
least one parcel path, according to some embodiments. The example method 1060 may be
implemented by the cxample computing environment 100, described in FIG. 1 described
above.

At block 1010, a load data may be received. The load data may be received
from a plurality of environmental sensors at a phurality of environmental sensor positions.
The load data may comprise a first set of positions of a tag associated with a first parcel, each
of the first sct of positions relative to at least one of the plurality of environmental sensors at
the plurality of environmental sensor positions.

At block 1020, a load start node may be determined. The load start node may
be based on the load data received at block 1610, The load start node may define a first
nitial position of the first set of positions of the tag.

At block 1030, a first scries of positions of a tag may be determined. The first
series of positions may comprise an order of the first set of positions of the tag from the
determined load start node at block 1020,

At block 1040, at least one parcel path may be determined. The at least one
parcel path may comprise a route of the first series of positions of the tag based on the first
set of positions of the tag and the load start node.

At block 1050, the at least one parcel path from block 1040 may be caused to
be presenied. In some cmbodiments, the presentation layer 695 generates graphical
representations such as those described with respect to FIG. 7 of the at least one parcel path.
Such graphical representations can inchude interface elements (such as graphics buitons,
sliders, menus, audio prompis, alerts, alarms, vibrations, pop-up windows, nofification-bar or

status-bar items, in-app notifications, or other simnilar features for interfacing with a user),
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gueries, and prompis. For example, the presentation layer 6935 can present parcel paths 7154,
7158, and/or 715C as described in FIG. 7.

Additional embodiments of the present disclosure are contemplated that a
person having ordinary skill in the art wounld recognize:

A compuater-inoplemented method mcluding: receiving a load data from s
plurality of environmental sensors at g plurality of environmental sensor positions, the load
data comprising a transition of a tag from a first position to a second position; receiving a
configuration data comprising a plorality of valid transitions of the tag; and determining a
parcel position ervor based on a comparison of the load data and the configuration data,
wherein the comparison comprises determining the transition of the tag does not match the
phurality of valid transitions,

An apparatus comprising at least one processor and af least one memory
mcluding program code, the at least one memory and the program code configured to, with
the processor, cause the apparatus to at least: receive a load data comprising a transition of g
tag from a first position relative to 3 first environmental sensor position to a second position
relative {0 a second environmental sensor position; receive a configuration data comprising a
phurality of vahd transitions of the tag comprising a plurality of parcel positions relative to a
phurality of environmental sensor positions; determine the load dats exceeds g threshold
based on the transition of the tag and the plurality of valid transitions; and determine a parcel
position error based on determining the at least one parcel path exceeds the threshold

A computer-implemented method comprising: receiving a load dats
comprising a plurality of transitions of a tag comprising a first set of positions of a tag;
determining a load start node defining a first initial position of the first set of positions of the
fag; and determine at least one parcel path comprising a route based on the plurality of

transitions of the tag and the load start node.
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CLAIMS

What is claimed is:

1. A computer-implemented method comprising: receiving a load data from a
phurality of environmental sensors at a plurality of environmental sensor positions, the load
data comprising a first set of positions of a tag associated with a first parcel relative to at least
one of the plorality of environmental sensors at an environmental sensor position of the
phurality of environmental sensor positions; receiving a configuration data comprising
indications of the plorality of environmental sensors and indications of the plurality of
environmental sensor positions and a second set of positions of 3 tag of 3 plurality of tags
associated with a plurality of parcels relative to the at least one of the plurality of
environmental sensors at the environmental sensor position of the plurality of environmental
sensor positions; and determining a parcel position error based on a comparison of the load
data and the configuration data, wherein the comparison comprises determining the first set
of positions of the tag are beyond a threshold from the second set of positions of the tag of
the plorality of tags at the at least one of the plurality of environmental sensors at the

envirpumental sensor position of the plurality of environmental sensor positions.

2. The method of claim 1, wherein the first set of positions of the tag
comprises a series of positions of the tag associated with the first parcel, and wherein the
second set of positions of the tag comprises a series of positions of the tag associated with the

phurality of pareels.

3. The method of claim {, further comprising determining an association of the
first set of positions of the tag and the second set of positions of the tag of the plorality of
tags, and for cach of the first and second set of iags determining an at least one of the
plurality of environmental sensors at the environmenial sensor position of the plurality of

environmental sensor positions.
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4. The method of claim 1, wherein the configuration data further comprises a
phurality of configuration start nodes, each configuration start node defining a first initial
position of the second set of positions of the tag; and wherein the method further comprises:
determining 3 load start node from the load data defining a second initial position of the first
set of positions of the tag; and wherein determining the first set of positions of the fag are
beyond the threshold further comprises comparing the plurality of configuration start nodes

and the load start node.

5. The method of claim 1, wherein the configuration data further comprises a
phurality of configuration end nodes, each configuration end node defining a first final
position of the second set of positions of the tag of the phirality of tags; and wherein the
method further comprises: determining a load end node from the load data defining a second
final position of the first set of positions of the tag; and wherein determining the first set of
positions of the tag are beyond the threshold further comprises comparing the plorality of first

end nodes to the load end node.

6. The method of claim 1, wherein determining the first set of positions of the
tag are beyond the threshold comprises determining a missing position for g position of the
first set of positions of the tag compared to the second set of positions of the tag of the

phirality of tags.

7. The method of claim 1, wherein the load data further comprises a plurality
of parcel 1Ds; and wherein the method further comprises: filtering the load data to comprise a

single parcel ID corresponding to the tag.

8. The method of claim 1, further comprising causing for display on the

graphical user interface a remedial action comprising the parcel position error,

9. The method of claim 1, wherein the first set of positions of the tag comprise
a first scan event data of the tag, the first scan event data at the at least one of the plurality of
environmental sensor positions; and wherein the second set of positions of the tag comprise a
second scan event data of each tag of the second plurality of tags, the second scan event data

at the at least one of the plurality of environmental sensor positions.
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1{. An apparatus comprising at least one processor and at least one memory
mchuding program code, the at least one memory and the program code configured to, with
the processor, cause the apparatus to at least: receive a load data from a plurality of
environmental sensors at a plurality of environmental sensor positions the load data
comprising a first set of positions of a tag associated with a first parcel, each of the positions
of the first set of positions relative to at least one of the plurality of envirormental sensors at
the plurality of environmental sensor positions; receive a configuration data comprising
indications of the phuslity of environmental sensors and indications of the plurality of
environmental sensor positions, and a plurality of parcel paths comprising a roote based on a
a seoond set of positions of a tag of a plurality of tags associated with a plurality of parcels;
determine at least one parcel path comprising a route of the parcel based on the first set of
positions of the tag; determine the at least one parcel path exceeds a threshold based on the
plurality of parcel paths, the at least one parcel path, and the plurality of envirommental
sensor positions; and determine a parcel position error based on determining the at least one

parcel path exceeds the threshold.

11. The apparatos of claim 1, wherein determining the at least one parcel
path exceeds the threshold may comprise a comparison of the phurality of parcel paths to the

at least one parcel path.

12. The apparatus of claim 10, wherein determining the at least one parcel
path comprises calculating a time difference between a first position and a second position of
the first set of positions of a tag, the first position associated with a first environmental sensor
of the pluorality of envirommental sensors and a second position associated with a second

environmental sensor of the plurality of environmental sensors.

13. The apparatus of claim 12, wherein the plurality of parcel paths further
comprise a time window for each parcel path of the plurality of parcel paths for each of the
phurality of parcels at the first position and the second position; and wherein determining the
at least one parcel path exceeds the threshold further comprises a comparison of the fime

difference to the time window.
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14. The apparatus of claim 10, wherein each path of the plarality of parcel
paths further comprise an average parcel position for each position of the second set of
positions for each path of the plurality of paths; wherein determining the parcel path exceeds
the threshold comprises a comparison of the average parcel position to the first set of

positions.

1S. The apparatus of claim 10, wherein the apparatus is further caused to at
least: modifying the configuration data io include the at least one parcel path based on

determining the parcel position error,

16. The apparatus of claim 10, wherein the apparatus is further caused to at
least: determine a first position of the first set of positions corresponding o the parce
position ervor; determine a second position of the second set of positions associated with the

first position; and modify the first position to the second position,

17. The apparatus of claim 10, wherein the apparatus is further caused to at
least: generate for display on a graphical user interface at least the at least one parcel path

simultansously with the at least one parcel position error,

18. A computer-implemented method comprising: recetving a load data from g
plurality of environmental sensors at g plurality of environmental sensor positions, the load
data comprising a first set of positions of a tag associated with a first parcel, each of the first
set of positions relative to at least one of the plorality of envivonmental sensors at the
phurality of environmental sensor positions; determining a load start vode defining a first
initial position of the first set of positions of the fag; determining a first series of positions of
the tag comprising an order of the first set of positions of the tag from the determined load
start node; and determining at least one parcel path comprising a route of the first series of

positions of the tag based on the first set of positions of the tag and the load start node.
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19. The computer-implemented method of claim 18, further comprising:
receiving a configuration data comprising indications of the phuality of environmental
sensors and indications of the plurality of environmental sensor positions, and a plorality of
parcel paths comprising a route based on a second series of positions of a tag of a plurality of
tags associated with a plurality of parcels, each path of the phirality of parcel paths
comprising an average parcel position for cach position of the second series of positions for
cach path of the plurality of parcel paths; determining the at least one parcel path exceeds a
threshold based on a comparison of the average parcel position to the first series of positions;
and mwodifying the load data to replace a position of the first series of positions associated
with the at least one parcel path with an associated average parcel position of the second

series of positions.

20. The computer-implemented method of claim 19, wherein the method
further comprises: determining a plorality of configuration start nodes from the configuration
data defiming a imitial position of the second set of positions of the tag, and wherein
determining the at least one parcel path comprising the route of the first series of positions of

the tag is further based on the phurality of configuration start nodes.
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