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INTELLIGENT DYNAMIC ROUTING AND
DELIVERY SYSTEMS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Application Ser. No. 62/659,455, filed Apr. 18, 2018,
entitled “INTELLIGENT DYNAMIC ROUTING AND

DELIVERY SYSTEMS,” which i1s hereby incorporated by
reference 1n 1ts entirety and for all purposes.

FIELD

[0002] This disclosure relates to systems and methods for
dynamically routing and delivering items within a common

geographic area.

BACKGROUND

[0003] Distribution networks may be optimized for long-
distance transport of items, such as between diflerent cities,
counties, states, or countries. Optimal features for long-
distance transport of 1tems may include a hierarchical struc-
ture 1 which local resources pick up and deliver items
between delivery points and unit delivery facilities. Unit
delivery {facilities may distribute items to resources for
delivery, and/or may send items to other umit delivery
facilities, or to distribution centers and/or hubs to be sent to
other unit delivery facilities. While such organizational
structures may optimize long-distance transport, they may
be 1nefhicient for pickup and delivery of items across short
distances, such as within a common geographical area such
as a town, city, county, or the like.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] The foregoing and other features of the present
disclosure will become more fully apparent from the fol-
lowing description and appended claims, taken 1n conjunc-
tion with the accompanying drawings. Understanding that
these drawings depict only several embodiments 1n accor-
dance with the disclosure and are not to be considered
limiting of 1ts scope, the disclosure will be described with
additional specificity and detail through use of the accom-

panying drawings.

[0005] FIG. 1 1sablock diagram depicting an embodiment
of a system for coordinating pick-up and delivery of items.
[0006] FIG. 2 depicts an exemplary map of dynamic
pick-up and delivery routing.

[0007] FIG. 3 shows an exemplary map on which a
dynamic route 1s created for pick-up and delivery of an item
using an alternate delivery location.

[0008] FIG. 4 1s a flowchart depicting an exemplary
method of dynamically routing delivery resources.

[0009] Various features 1llustrated in the drawings may not
be drawn to scale. Accordingly, the dimensions of the
various features may be arbitrarily expanded or reduced for
clarity. In addition, some of the drawings may not depict all
of the components of a given system, method or device.
Finally, like reference numerals may be used to denote like
features throughout the specification and figures.

SUMMARY

[0010] In one aspect described herein, a system {for
dynamically routing delivery resources comprises a proces-
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sor configured to receive item delivery requests, each item
delivery request comprising a pickup location, a delivery
location, and 1tem information corresponding to an item to
be delivered; a dynamic router processor in communication
with a memory storing a plurality of predetermined resource
routes traveled by a plurality of resources and a plurality of
predetermined transier nodes. The dynamic router processor
1s configured to, for individual item delivery requests, deter-
mine, Irom the plurality of predetermined resource routes, a
first resource route that passes within a first threshold
distance relative to the pickup location; determine, from the
plurality of predetermined resource routes, a second
resource route that passes within the first threshold distance
relative to the delivery location; select, from the plurality of
predetermined transfer nodes, a transifer node disposed
within a second threshold distance relative to at least a
portion of the first resource route and at least a portion of the
second resource route; and send dynamic route information
to the processor, the dynamic route information 1dentifying
at least the first resource route, the second resource route,
and the transfer node. The processor 1s further configured to
cause a display of a first mobile device to display an 1tem
pickup 1nstruction and a {first item transier mstruction to a
first resource located along the first resource route; and
cause a display of a second mobile device to display a
second 1tem transier instruction and an item delivery instruc-
tion to a second resource located along the second resource
route.

[0011] In some embodiments, the dynamic router proces-
sor 1s Turther configured to receive real time or near-real time
location information corresponding to individual resources
located along the predetermined resource routes. In some
embodiments, the dynamic router selects the transier node
based at least 1n part on the location mformation. In some
embodiments, the first item transfer instruction and the
second 1tem transier instruction each include at least one of
an 1dentifier of the selected transier node or directions to the
selected transfer node. In some embodiments, the one or
more item pickup instructions comprise at least one of an
identifier of the pickup location or directions to the pickup
location. In some embodiments, the item delivery instruc-
tions comprise at least one of an identifier of the delivery
location or directions to the delivery location. In some
embodiments, at least one of the first item transfer instruc-
tion or the second item transier instruction comprises an
instruction to deviate from and subsequently return to the
first resource route or the second resource route. In some
embodiments, the dynamic router 1s further configured to
add, modity, and remove individual nodes of the predeter-
mined transier nodes stored in the memory, based at least in
part on aggregated resource location data associated with the
plurality of predetermined resource routes. In some embodi-
ments, the processor 1s further configured to cause the first
mobile device to provide, to the first resource, a visual or
audio alert when the item pickup mstruction 1s displayed;
and cause the second mobile device to provide, to the second
resource, a visual or audio alert when the second item
transier mstruction 1s displayed. In some embodiments, the
selected transier node 1s located on at least one of the first
resource route or the second resource route. In some
embodiments, the first item transifer instruction comprises
identification 1information associated with the second
resource, and the second item transfer mnstruction comprises
identification information associated with the first resource.
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[0012] In another aspect described herein, a method for
dynamically routing delivery resources comprises receiving,
at a computing resource of a distribution network, a request
for delivery of an item from a pickup location to a delivery
location; determining, from a plurality of predetermined
resource routes, a first resource route that passes within a
first threshold distance relative to the pickup location; deter-
mimng, from the plurality of predetermined resource routes,
a second resource route that passes within the first threshold
distance relative to the delivery location; selecting, from a
plurality of predetermined transier nodes, a transfer node
located such that the first resource route and the second
resource route each pass within a second threshold distance
relative to the selected transfer node; sending, to a first
mobile delivery device associated with a first resource
traveling along the first resource route, a first set of 1nstruc-
tions that cause the first resource to retrieve the item at the
pickup location and transport the item to the selected trans-
ter node; and sending, to a second mobile delivery device
associated with a second resource traveling along the second
resource route, a second set of instructions that cause the
second resource to retrieve the 1item from the first resource
at the selected transier node and transport the item to the
delivery location.

[0013] In some embodiments, the request comprises item
information 1dentitying the item, and wherein the first set of
instructions comprises the i1tem information. In some
embodiments, the transfer node i1s selected based at least in
part on real time or near-real time location information
corresponding to the first resource and the second resource.
In some embodiments, the transter node 1s selected such that
the first resource and the second resource can arrive at the
transier node within a predetermined time period. In some
embodiments, the transfer node 1s selected based at least in
part on a temporary parking location of a vehicle associated
with the first resource or the second resource. In some
embodiments, the first set of instructions comprises an
istruction to deposit the item within the vehicle, or the
second set of instructions comprises an instruction to
retrieve the 1item from the vehicle. In some embodiments, the
first set of instructions comprises identification information
associated with the second resource, and the second set of
instructions comprises 1dentification information associated
with the first resource. In some embodiments, at least one of
the first set of instructions or the second set of instructions
comprises an instruction to deviate from and return to the
first resource route or the second resource route. In some
embodiments, the method further comprises receiving a
subsequent request for delivery of a second item from a
second pickup location to a second delivery location within
a requested time period; determining that the delivery of the
second item cannot be performed within the requested time
period, based at least 1n part on the second pickup location,
the second delivery location, and real time or near-real time
location 1nformation corresponding to one or more
resources; and sending, to a user interface associated with
the subsequent request, a notification that the delivery of the
second item cannot be performed within the requested time
period.

DETAILED DESCRIPTION

[0014] The features, aspects and advantages of the present
development will now be described with reference to the
drawings of several embodiments which are intended to be
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within the scope of the embodiments herein disclosed. These
and other embodiments will become readily apparent to
those skilled 1in the art from the following detailed descrip-
tion of the embodiments having reference to the attached
figures, the development not being limited to any particular
embodiment(s) herein disclosed.

[0015] The systems and methods described herein relate to
coordinating pick-up of items from a variety of sources,
including vendors, merchants, and other retailers, including
online retailers. The systems and methods described herein
also relate to coordinating the delivery of the picked up
items within a specific geographical area, such as a metro-
politan area, a city, or a neighborhood. In some embodi-
ments, the system of pick-up and delivery i1s related to
pick-up and delivery of items within a specified or pre-
determined time, such as pick-up and delivery on the same
day, next-day delivery, or other specified time period. A
customer may also wish to order an item for pickup and
delivery within a common geographic area, and may include
preferences for the pickup and delivery locations and times.

[0016] In some embodiments, the systems and methods
described herein may comprise a merchant, retailer, vendor,
or other commercial party which orders an 1tem and wishes
the 1tem to be delivered to another commercial location or
party within the same day or other specified time period.

[0017] As wused heremn, unless otherwise i1ndicated,
resource may refer to a carrier, a vehicle, or other persons or
objects capable of picking up, containing, and/or delivering
items, such as postal carriers and postal vehicles.

[0018] In some embodiments, the system and method
described herein provides real-time tracking of an item and
the 1tem’s pick-up and delivery status throughout the pick-
up and delivery cycle, via a user interface. In some embodi-
ments, the system and method described herein provide
faster delivery by optimizing routes to maximize pick-up
and delivery efliciency, while reducing pick-up and delivery
time and costs.

[0019] In order to provide dynamic routing which opti-
mizes or increases the efliciency of a distribution network, to
improve timeliness and to meet customer expectations or
demands, the distribution network and dynamic routing
systems can take into account various factors. For example,
the dynamic routing systems can take into account weather
conditions, tratlic conditions, resource location, resource
type, GPS breadcrumb data, and other conditions to prepare
dynamic routing instructions for the resources, such as
carriers, vehicles, and the like.

[0020] By using location breadcrumb information,
obtained from GPS-enabled transportation (e.g. bikes, cars,
trucks, vans, trains, planes, drones, etc.) and/or GPS-enabled
handheld devices (e.g. mobile phones, tablets, laptops, GPS-
ecnabled fleet devices, mobile delivery devices (MDD’s),
etc.), to dynamically determine optimal pickup and delivery
routes and intelligently dispatch carriers and transportation
vehicles based on optimal scenarios, e.g. the systems and
methods of the current system are continuously aware of
fleet vehicle and carrier locations and uses the location
information along with other pertinent information (e.g.
weather and ftraflic conditions, transit time, pickup and
destination information, 1item details, etc.) to intelligently
determine an optimal combination of route, carrier, and
transportation type that would fulfill a pickup and delivery
service request.
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[0021] Information used as a basis for systems and meth-
ods of the present disclosure include but are not limited to:
pickup and destination information, local/while in-transit/
destination weather condition information, local/while in-
transit/destination traflic condition information, transporta-
tion schedules (e.g. estimated arrival, transit, and departure
date/times) and GPS location breadcrumb information (e.g.
where 1n the delivery route i1s the vehicle), carrier GPS
location breadcrumb information (e.g. where 1n the delivery
route are the carriers), carrier route information (e.g. what 1s
the current route for the carrier, considering any recently
system-added pickup/delivery points), information pertinent
to the 1tem requiring transport (e.g. the item’s type, size,
quantity, weight, and i applicable, special handling mnstruc-
tions, and pickup and delivery addresses), customer/mailer
information (e.g. a umque ID associated with the mailer/
customer/point of contact, contact information and payment
information).

[0022] In some embodiments, the system and method of
coordinating pick-up and delivery provides a convenient
way to order items and have them delivered within a
specified time frame. For example, a user may live 1 a
metropolitan area, and may not have easy access to an
automobile. The user may want to purchase an item from a
vendor, merchant, or retailer, but may not want or be able to
transport the 1item on public transportation or may not want
or be able to carry the item home. The system and method
described herein provide a way for such a user to purchase
items and have them delivered to the user’s home. For
example, a user may be physically present at a store or other
merchant or retailer, and purchase an item which the user
cannot, or does not wish to transport him or herself. The user
may request pick-up and delivery using the system and
method described herein. The user may then expect delivery
of the item to the user’s home within a specified time period,
such as within the same day as the purchase. In some
embodiments, the system and method described herein
comprise providing an on-line purchasing system wherein
users who purchase an item online can request delivery,
using the system and method of the present application,
within a specified time period, such as within the same day.

[0023] In some embodiments, the customer can request a
pick-up or delivery at locations other than the customer’s
home or mailbox, or can request pick-up and/or delivery at
times that are most convenient for the customer, shipper, or
merchant. As an example, the United States Postal Service
(USPS) could provide customers with service oflerings that
would allow customers to specily a different pickup/delivery
date/time and/or alternate nearby delivery location (e.g.
carrier scheduled to drop ofl a delivery at customer’s pre-
terred pickup location) or delivery by carrier to a customers
secured mail/parcel receptacle. With this type of offering,
the system’s intelligence would be used to determine a
nearby alternate pickup and delivery location, transportation
type, and pricing, based on the actual eflort (e.g. effort could
be based on the number of miles driven, the transit time/
duration, the delivery service type (e.g., same day, next day,
etc.), or special delivery location such as a secure receptacle
(e.g. including but not limited to a drop box or secure mail
receptacle provided by either the Postal Service or the
customer).

[0024] Customers, retailers, merchants, e-commerce ven-
dors, and others can use an interface, such as a website or
mobile phone application to schedule pick-up, delivery,
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local delivery requests, courier requests, and other similar
services. The mterface can communicate with various sys-
tems and devices within the distribution network and exter-
nal to the distribution network.

[0025] FIG. 1 depicts an embodiment of a system 100 for
dynamic routing for pick-up and delivery of items. The
system 100 comprises a control hub 110, a user interface
120, a dynamic router 130, a mobile delivery device 140, a
payment module 150, and a resource interface 160. The
control hub 110 1s in communication, either wired or wire-
lessly, with at least the user interface 120, the dynamic router
130, the mobile delivery device 140, the payment module
150, and the resource interface 160. The resource interface
160 can comprise a memory 165 configured to store
resource information received 1n the resource interface 160.
It will be understood that embodiments of the present
disclosure may be implemented with a plurality of mobile
delivery devices 140, for example, as carried by a plurality
ol delivery resources.

[0026] The control hub 110 may comprise or be a com-
ponent ol a processing system implemented with one or
more processors. The control hub 110 may be a network of
interconnected processors housed on one or more terminals.
The one or more processors may be implemented with any
combination of general-purpose microprocessors, microcon-
trollers, digital signal processors (DSPs), field program-
mable gate array (FPGAs), programmable logic devices
(PLDs), controllers, state machines, gated logic, discrete
hardware components, dedicated hardware finite state
machines, or any other suitable entities that may perform
calculations or other manipulations of information. The
control hub may comprise a processor 118 such as, for
example, a microprocessor, such as a Pentium® processor,
a Penttum® Pro processor, a 8051 processor, a MIPS®
processor, a Power PC® processor, an Alpha® processor, a
microcontroller, or the like. The processor 118 typically has
conventional address lines, conventional data lines, and one
or more conventional control lines. The processor 118 may
be 1 communication with a memory 119, which may
include, for example, RAM memory, flash memory, ROM
memory, EPROM memory, EEPROM memory, registers,
hard disk, a removable disk, a CD-ROM, or any other form
of storage medium known in the art. The memory may
include, for example, software, at least one software module,
instructions, steps of an algorithm, or any other information.
In some embodiments, the processor 118 performs processes
in accordance with instruction stored in the memory 119.
These processes may include, for example, controlling fea-
tures and/or components of the system 100, and controlling
access to and from, and transmitting information and data to
and from the control hub 110 and the constituent compo-
nents of the system 100, as will be described herein.

[0027] The control hub 110 comprises a hub memory 115,
configured to store 1tem information, such as pick-up infor-
mation, delivery information, user information, specific
pick-up instructions, specific delivery instructions, and pay-
ment information. The hub memory 115 may comprise a
database, a comma delimited file, a text file, or the like. The
control hub 110 generates a unique 1dentifier and/or creates
a unique record for each item upon receipt of any item
information regarding the purchase of an item, pick-up of an
item, delivery preferences, etc., which may include the
information described above. The control hub 110 1s con-
figured to associate the item information stored in the hub
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memory 115 for each item, with the unique identifier for
cach 1item, and to store the association in the hub memory
115. The control hub 110 i1s configured to coordinate and
direct the activities of the components of system 100, and to
coordinate providing user access to pick-up and delivery
information for an item being picked-up or delivered via the
system 100. In some embodiments, the control hub 110 1s
configured to assign a unique identifier and/or create a
unique record for a request for concierge services, or other
services provided via the distribution network.

[0028] In some embodiments, the processor 118 1s con-
nected to a communication feature 117. The communication
teature 117 1s configured for wired, and/or wireless com-
munication. In some embodiments, the communication fea-
ture 117 communicates via telephone, cable, fiber-optic, or
any other wired communication network. In some embodi-
ments, the communication feature 117 may communicate
via cellular networks, WLAN networks, or any other wire-
less network. The communication feature 117 1s configured
to recerve instructions and to transmit and recerve informa-
tion among components of the system 100, and 1n some
embodiments, with a central server (not shown) or other
resource outside system 100, as desired.

[0029] In some embodiments, the control hub 1s 1n com-
munication with the user interface 120. The user interface
120 1s configured to provide user access to the pick-up and
delivery system. The user interface 120 may be provided
over a website or internet portal accessible from an internet-
enabled computer or mobile computing device. The user
interface 120 can be provided as an application configured
for use on a smart phone.

[0030] The user interface 120 provides a user with options
to request a pick-up, view requested pick-ups, request deliv-
ery, order an 1tem or product, request a concierge service, or
any other desired functionality. The user interface 120 may
be customizable for a particular user, such as a retailer, a
consumer, customer, merchant, e-commerce vendor, and the
like. In some embodiments, using the user interface 120, a
user may input an order into the system 100. The order may
comprise the purchase of an 1tem and scheduling a pick-up
or designation of the item for delivery using the system 100.
For example, a user may order an 1tem at a store, a vendor,
merchant or other retail location. At the location, a user,
which may be the merchant, vendor, or retailer, or, in some
embodiments, the purchaser, inputs the i1tem information,
including, for example, pick-up location, delivery location,
and any specific pick-up or delivery instructions. In some
embodiments, the customer mputs information into the user
interface 120 including an order, and the control hub 110
communicates the information to a merchant, retailer, etc.
regarding the order. The control hub 110 can also send the
merchant, retailer, etc., information regarding the order form
the user, including a pick-up time determined by the system,
delivery information, etc. In some embodiments, the mer-
chant, retailer, vendor, can provide order information to the
control hub 110, and the control hub 110 can 1nitiate
communication with the user via the user interface 120 to
schedule a pick-up and/or delivery time and location. The
item information 1s then transmitted to the control hub 110.
In some embodiments, the user interface at a particular
location may require a log-in i1dentity to access the system
100. This log-in identity may be transmitted to the control
hub 110 and may automatically identily the pick-up loca-
tion, without the need for user mput of the pick-up location.
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[0031] The user interface 120 may be configured to pro-
vide payment information to a payment module 150. This
information may include whether a fee or payment, such as
postage, for pick-up and/or delivery of the item has been
paid. For example, 1n some embodiments, a user may pay for
pick-up or delivery, by paying a fee or buying postage, at the
time of purchase of the item, either 1n a store or retailer, or
on-line. In some embodiments, a user may indicate that the
fee or the postage, 1s payable upon delivery. In some
embodiments, a user may indicate whether insurance on the
item 1s desired, and may purchase insurance via the user
interface 120.

[0032] The user mterface 120 may comprise other capa-
bilities, which will be described 1n greater detail below.

[0033] Upon receiving the item information from the user
interface 120, the control hub 110 stores the 1tem informa-
tion in the hub memory 115. The control hub 110 also
generates a unique 1dentifier for the item. The unique
identifier may be an alphanumeric string, a computer read-
able code such as, for example, a barcode, a 1-D barcode, a
2-D barcode, a QR-code, an RFID tag, or any other desired
computer readable code, a biometric identification feature, a
color pattern, and 1image, or any other visual identifier. The
control hub 110 associates the 1item information stored in
hub memory 115 with the unique 1dentifier, and stores the
association 1n the hub memory 115. In some embodiments,
the association and/or the unique 1dentifier may be stored in
a database, or may be transmitted via wired or wireless
communication to a central server (not shown) or may be
transmitted to a cloud-based computer location.

[0034] The control hub 110 1s 1n communication with the
dynamic router 130. The dynamic router may comprise a
processor, memory, databases, address and control lines, and
other components similar to those described herein for the
control hub 110. The control hub 1s configured to transmait at
least a portion of the item information to the dynamic router
130. For example, the control hub 110 may transmit the
pick-up location and the delivery location, pick-up time,
delivery time, along with any specific routing instructions, to
the dynamic router 130. The control hub 110 need not
transmit all of the 1tem information, such as some specific
delivery instructions, the purchase price of the item, etc., to
the dynamic router. In some embodiments, the control hub

110 does not transmit the unique identifier to the dynamic
router 130.

[0035] The control hub 110 can also provide resource
information received via the resource interface, including
the locations of carriers, vehicles, traflic, weather, resource
progress along delivery routes, GPS breadcrumb data,
vehicle identity, vehicle inventory, and any other desired
information, as will be described 1n greater detail.

[0036] The dynamic router 130 1s configured to receive the
item information, and resource information from the control
hub 110. The dynamic router 130 1s configured to generate
an optimized route for pick-up, delivery, or both of a
plurality of items. The dynamic router 130 may use a route
optimization software model. In some embodiments, the
dynamic router 130 1s configured to optimize a pick-up or
delivery route based on optimizing one or more variables,
such as minimizing time and/or distance between item
pick-ups or deliveries, overall distance traveled, reducing
the number of left turns, or any other desired variable. The
dynamic router 130 1s further configured to generate routing
instructions for each item, which have been optimized for
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one or more of the above vanables, and group the individual
items 1nto one or more of the optimized routes. The dynamic
router 130 1s configured to generate a route identification
number for each dynamically generated route, and associate
cach item with a route i1dentification number. The dynamic
router 130 can 1dentily a resource nearest a pick-up location
and a resource nearest a delivery location, and can determine
a transfer location (e.g., from a list or database of predeter-
mined transier nodes) which 1s along or near to the planned
routes for the resources identified, and can establish a
transier node, and can provide directions to the resources for
getting to the transfer node, and for resuming their planned
routes. The deviations from the planned routes and the
returns to the planned routes can be part of the dynamic
routes provided by the dynamic router 130. In some embodi-
ments, the dynamic router can identity 1, 2, 3, or more
resources and 1, 2, or more transier points to eflectuate item
delivery.

[0037] The dynamic router 130 communicates the
dynamic routes to the control hub 110, so they can be
communicated to the resources, such as to the mobile
delivery devices 140.

[0038] Insome embodiments, the dynamic routing system
may be configured to receive an input from the control hub
110 regarding time requirements or item-specific restrictions
on the delivery of certain items. In some embodiments, the
dynamic router 1s configured to take into account the
resource availability or limits, special timing or other
instructions while grouping items into routes. In some
embodiments, the dynamic router 130 1s configured to
provide a notification 1f any specific time or other specific
instructions cannot be carried out or met based on the
available resources. In some embodiments, the dynamic

router 130 1s configured to request additional resources from
the control hub 110, 1f needed.

[0039] In some embodiments, during or after purchasing
an item, a customer, a vendor, retailer, merchant, or pur-
chasing party may request and receive the unique identifier
information for a particular item from the control hub 110
via the user intertace 120. The customer, vendor, retailer, or
merchant may print the unique identifier and athx 1t to the
item to be picked-up. For example, when a customer pur-
chases an 1tem at a store, and elects, via the user interface
120, the pick-up and delivery of an 1tem using system 100
the user interface 120 may prompt the customer, vendor,
retailer, or merchant to select an option to print a label
including a unique identifier. In this case, the user interface
120 requests the unique identifier and label information,
such as delivery address and recipient from the 1tem infor-
mation stored 1in hub memory 115, and delivers a printable
label to the customer, vendor, merchant, or retailer. Such a
transaction may occur 1n a store, at a dedicated terminal, or
it may occur at a customer’s home, where the customer
accesses the user interface 120 via the internet.

[0040] In some embodiments, the mobile delivery device
140 1s a portable electronic device comprising a display 142,
an iput device 144, a scanner 146, and a global positioning
system (GPS) unit 148. The mobile delivery device 140 1s
configured to wirelessly communicate with the control hub
110 via a cellular network, a wireless local area network
(LAN), RF network, a near field network such as blue tooth,
or a wireless protocol such as IEEE 802.11x. The mobile
delivery device 140 1s configured to communicate with the
control hub 110 via a docking port or other similar wired
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connection. The mobile delivery device 140 can download
route and/or item information while the mobile delivery
device 140 1s docked with the docking port. In some
embodiments, the mobile delivery device 140 1s a GPS
enabled smartphone, tablet computer, personal digital assis-
tant, or other similar portable communication device. The
mobile delivery device 140 contains a program or mnstruc-
tions which provide an interface with the control hub 110
which enables a resource or carrier to receive and send

instructions and other information to and from the control
hub 110.

[0041] In some embodiments, The display 142 1s config-
ured to display the address or location, including, 11 desired,
longitude and latitude, where an 1tem 1s to be picked up
and/or delivered. In some embodiments, the display 142 is
turther configured to provide navigation instructions, such
as turn-by-turn route instructions, to guide the resource to
cach pick-up or delivery location. The turn-by-turn route
istructions may comprise the routing instructions generated
by the dynamic router 130. In some embodiments, the
display 142 1s further configured to provide one or more
additional information 1tems associated with an 1tem pickup
and/or delivery, such as timing information associated with
a pickup, transfer, or delivery of the item, handling instruc-
tions, or the like.

[0042] Insome embodiments, the input device 144 may be
one or more of a keypad, a keyboard, a touch-screen, a
mouse, a stylus, or other similar mput device. The input
device 144 provides a way for a resource to log-in to the
system 100, access routing instructions stored at the control
hub 110, and to transmit any desired information. In some
embodiments, iputting resource log-in information or i1tem
information may be accomplished using the scanner 146.
For example, a resource may use the scanner 146 to scan an
identification code contained on an ID card or badge. The
scanner 146 receives the scanned code and the mobile
delivery device 140 1s configured to transmit the 1dentifica-
tion information of the resource to the control hub 110. The
scanned code 1dentifies the resource to the control hub 110
and, 11 the scanned code 1s recognized, allows access to the
system 100.

[0043] In some embodiments, the scanner 146 may be
used to scan the umique 1dentifier of each 1tem, which may
be located on the label provided by the control hub 110. In
some embodiments, for example, the scanner 146 1s config-
ured to read the unique identifier on the label athixed to an
item. The unique 1dentifier may be encoded in a 1D or 2D
barcode, a QR code, a RFID tag, an alphanumeric string, a
visual or graphical identifier, or any other desired computer
readable code, By scanning and reading the unique 1denti-
fier, the mobile delivery device 140 may transmit informa-

tion regarding pick-up or delivery status to the control hub
110.

[0044] In some embodiments, the handheld device com-
prises the GPS unit 148. The GPS unit 148 may provide an
input to the navigation instructions by 1dentifying the loca-
tion of the resource, and using the resource location as an
mput to provide turn-by-turn navigation to the pick-up
and/or delivery locations. In some embodiments, the mobile
delivery device 140 1s configured to transmit GPS position
data of the resource to the control hub 110, which enables
real-time tracking of the resource. The control hub 110
receives and stores the GPS coordinates. The control hub
110 may associate the GPS coordinates with a map to
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generate a map of the route the resource has taken, and to
indicate the current position of the resource on the map.

[0045] The mobile delivery device 140 may be configured
to receive an input relating to a location or route, such as a
route 1dentification number assigned to a particular resource
and to transmit the location or route 1dentification number to
the control hub 110. The control hub 110 can then identify
which route generated by the dynamic router 130 1s closest
to or 1s assigned to the particular resource, and transmit the
corresponding route information. The mobile delivery
device 140 1s configured to receive the route information
from the control hub 110, and display the route information
to the resource. In some embodiments, the mobile delivery
device 140 may be configured to receive additional item
specific information sent by the control hub 110, such as
payment information, specific pickup or delivery instruc-
tions, such as where to leave a package, or other desired 1tem
specific information. In some embodiments, the mobile
delivery device 140 1s configured to receirve an mput of a
route 1dentification number. The mobile delivery device 140
can request the route instructions associated with the route
identification number from the control hub 110 and/or the
dynamic router 130.

[0046] Insome embodiments, a user may inquire about the
status of a pick-up or delivery, and request real-time infor-
mation via the user interface 120. In some embodiments, the
user interface 120 may comprise a network access point,
such as, for example, a dedicated computer or terminal at a
vendor, merchant, or retail location. In some embodiments,
the user iterface 120 may be accessible to a customer,
merchant, retailer, vendor, or purchasing party via the inter-
net using an internet enabled computer, or using a tablet
computer, smartphone, using a specific application, or via
any other wired or wireless means. In an exemplary embodi-
ment, the user accesses the user interface 120 via a website
over an 1ternet connection. For example, the user interface
120 1s configured to request and accept a user login. The user
login may be established for a customer at the time of
purchase, or the user may register with the system 100, and
use the same login credentials for all of the user’s purchases,
pick-ups, and/or deliveries. The user login information may
be stored at control hub 110, or may be stored in a memory,
for example, 1n a database accessible by the control hub 110.
When a user requests a login via the user interface 120, the
user intertace 120 1s configured to query the control hub 110
to 1dentily the user as a customer or registered user, and 1s
configured to provide the user with options for tracking
items associated with that user.

[0047] In some embodiments, the user may request to
track the status of a particular 1tem. The user interface 120
1s configured to query the control hub 110 in response to user
requests. The control hub 110 1s configured to provide a
response to the user request. If the user requests real time
tracking information of a user’s item or of the resource, the
control hub 110 may query the mobile delivery device 140
for up-to-date, real-time tracking information. The control
hub 110 may access the stored GPS coordinates. The control
hub 110 may then provide the location of the item or the
resource. The control hub 110 may compare the route
received from the dynamic router 130 and compare 1t to the
location of the resource received from the mobile delivery
device 140. Based on this information, the control hub 110
can estimate the time of delivery of the user’s item, and
provide an estimated delivery time to the user.
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[0048] For example, the user may request the pick-up or
delivery status of an item. I the item has been picked up or
delivered, the control hub 110 1s configured to provide notice
of the pick-up and/or delivery and the confirmation number
associated with the pick-up and/or delivery. If the item has
not been picked-up or delivered vyet, the control hub 110 may
query the mobile delivery device 140 in use by the resource
assigned to pick-up or deliver a specific item or group of
items and request the location or coordinates of the mobile
delivery device 140, and thus, the location of the resource
picking up or delivering the item(s). In response, the mobile
delivery device 140 may respond to the query, and provide
the location or coordinates of the mobile delivery device
140. The control hub 110, then communicates the location of
the mobile delivery device 140 and the resource to the user
interface 120, which can display the location of the resource
on a map for the user. The control hub 110 may not provide
to a user the specific location of the resource due to privacy
or safety concerns. In this instance, the control hub 110 can
provide an approximate or generalized location, such as,
“the resource 1s on your block,” or “the resource 1s 0.8 miles
from your location.” The control hub 110 can also provide
only an estimated time of delivery or pick-up without
providing location information.

[0049] In some embodiments, the control hub 110 may
provide the GPS location and the routing instructions of the
user’s item vis-a-vis the other items. For example, if the
user’s 1item has not yet been picked up, the control hub 110
may communicate to the user interface 120 that the user’s
item 1s, for example, the fourth item scheduled for pick-up
and/or delivery, or that there are two remaining pick-ups or
deliveries prior to the pick-up and/or delivery of the user’s
item. In some embodiments, the control hub 110 may
provide an estimated time of delivery to the user interface
120, based on the GPS coordinates of the mobile delivery
device 140, and the routing instructions corresponding to the
user’s 1tem. The user interface 120 may then display the
location and a pick-up or delivery estimate to the user.

[0050] In some embodiments, the user may be an agent or
other management or supervisory personnel. In these
embodiments, the agent or supervisor logs 1n, and the system
100 15 configured to authenticate the login identification as
described above. More specifically, the agent or supervisor
logs 1n to the user interface 120 and 1s presented with
supervisory options according to the agent or supervisor’s
permissions and responsibilities. The user intertace 120 for
an agent or supervisor may be configured to provide access
to the pick-up and/or delivery status and GPS location of all
the resources assigned to a particular geographic area or area
of responsibility. The agent or supervisory user interface 120
may also be configured to allow the agent or supervisor to
communicate, via the control hub 110, with the individual
resources to provide further instructions, to address prob-
lems, or for any other desired reason. This communication
may be via e-mail, text messages, video, audio, or any other
desired means. In some embodiments, the user interface 120
may be configured to provide the agent or supervisor with a
graphical display pinpointing the location of all available
resources on a map, and provide real-time movement 1nfor-
mation as the resources follow the routing instructions.

[0051] In some embodiments, the control hub 110 1s
configured automatically to monitor the movements and
pick-up and delivery status of each item, and to provide
automated communication to individual resources regarding
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changes 1n routing instructions, developing problems, such
as traflic, road construction, etc., changes i1n pick-up and/or
delivery schedules, cancellations, and for any other desired
reason. These communications may be generated by the
control hub 110 and relayed to the individual resources via
the handheld devices 140 via the communication feature
117. The communication may be an email, SMS text, voice
message, graphical alert on the mobile delivery device 140,
or any other desired communication method.

[0052] As depicted i FIG. 1, the control hub 110 1s 1n

communication with the payment module 150. In some
embodiments, upon receiving item information from the
user interface 120, the control hub may query the payment
module 150 to inquire, for each item whose 1tem information
the control hub receives, whether a fee, payment, such as
postage, has been paid, or whether a fee 1s required. In some
embodiments, the control hub 110 1s configured to provide,
to the dynamic router 130, the 1tem information for only
those items whose postage or fees have been paid, or for
which there 1s no fee or postage required. In some embodi-
ments, the payment module 150 may communicate to the
control hub that the fee or postage for a particular 1tem 1s to
be collected at time of delivery. The control hub 110 may
store this information for subsequent transmission to the
handheld device along with the route information corre-
sponding to the location or i1dentity of the resource.

[0053] The resource interface 160 1s 1n communication
with the control hub 110. In some embodiments, the
resource interface 160 1s configured to receive mformation
from subsystems and information sources for the distribu-
tion network. The resource interface 160 can be connected
to various systems to receive resource information. The
resource information can include, for example, carrier 1den-
tifiers, vehicle 1dentifiers, GPS breadcrumb data from
mobile delivery devices, weather information in the geo-
graphic areas of pick-up and delivery locations, traflic
information in the geographic areas of pick-up and delivery
locations and between the locations, vehicle inventory infor-
mation, assigned carrier routes, carrier loads and timing
requirements for existing carrier deliveries, and any other
desired information useful i determinming an optimal or
eilicient dynamic route for picking up and delivering an
item.

[0054] FIG. 2 shows an exemplary map on which a
dynamic route 1s created for pick-up and delivery of an item,
in association with a control system such as the system 100
of FIG. 1. The map of FIG. 2 shows a geographic area
having 4 carrier regions 202a, 2025, 202¢, and 202d (col-
lectively referred to herein as 202a-d). Each carrier region
202a-d 1s typically serviced by a single carrier, or encom-
passes a region having one carrier route therein. In some
embodiments, the carrier regions 202aq-d are dynamically
drawn around carriers within a geographic areca when a
request for an i1tem pick-up, item delivery, or other service
request 1s received.

[0055] As depicted, one carnier 204a, 2045, 204c¢, or 2044
(collectively referred to herein as 204a-d) 1s delivering items
along planned routes within each of the carrier regions
202a-d. For example, a carrier 204a delivers items along a
planned route within carrier region 202a, etc. As the carriers
204a-d are delivering along their planned routes, at (1), a
request (e.g., an 1tem order, a request for pick-up and
delivery, etc.) 1s received by the system 100. For example,
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the request may be received at the control hub 110 of the
system 100 from a user interface 120.

[0056] At (2a) the system 100 receives the item pick-up
location, desired delivery location, timing requirements, and
resource information, and develops dynamic routes for
delivering the item. For example, the 1tem pick-up location,
desired delivery location, timing requirements, and resource
information may be recerved at the control hub 110. At least
some of the recerved information may be sent from the
control hub 110 to the dynamic router 130 for dynamic route
development. The pickup location (3) 1s determined to be
within carrier region 202a. The delivery location (4) 1s
determined to be within carrier region 2025. The dynamic
router 130 accordingly identifies a transfer point (2d) for
carrier 204a to give the item to carrier 2025.

[0057] Carrier 204aq 1s 1dentified as the optimal carrier to
pick up the 1tem based on the pick-up location (3) and based
on the resource information received from the resource
interface 160. Carrier 2045 1s i1dentified as the optimal
carrier to deliver the 1tem based on the delivery location (4)
and based on the resource information received from the
resource interface 160. In some embodiments, the optimal
carriers are determined based on a delivery time and deliv-
ery location preference, carrier load, position along carrier
route, and the like. If a carrier 1s the closest to a delivery
point, but has just begun a route, or 1s already delivering
time sensitive items, or has no excess capacity to load or
carry the item, the system 100 may not identity that carrier
as the optimal carrier for delivery of the item. The system
100 may determine what the position, status, inventory, etc.,
of the next closest carrier 15, and based on timing require-
ments, may 1dentily the next closest carrier as the optimal
carrier for the delivery. The same or similar analysis may be
performed for the optimal pick-up carrier.

[0058] In some embodiments, the optimal carrier may not
be the closest physically to the pick-up or delivery location
because of heavy traflic along a route or 1n an area, due to
bad weather, etc. In such a case, the dynamic router 130 may
determine that another carrier who may be less impacted by
traflic problems or weather 1ssues 1s the optimal carrier for
cither pick-up or delivery. In some embodiments, the
dynamic router 130 may utilize known and/or real-time
trathic information, weather information, or the like 1n deter-
mining the optimal carrier for pick-up or delivery.

[0059] Adter the system 100 determines optimal carriers
for pick-up and delivery, the system 100 sends instructions
to carrier 204a. The instructions include a notification of the
dynamic pick-up, and can include location information
identifying the pick-up location (e.g., an address, intersec-
tion, GPS coordinates, or the like), directions to the pick-up
location, location imformation i1dentifying a point along the
route of carrier 204q at which carrier 204q will deviate from
his route to reach the pickup location (3), item information,
etc. At (2b) the carrier 204a departs from his planned route
and moves to the pick-up location (3). The carrier 204a picks
up the 1tem at the pick-up location (3) and may return to his
planned route after picking up the item.

[0060] The system 100 also sends instructions to carrier
2045 to deviate from his route, and to move toward the
transier point (2d4). The system 100 can determine an esti-
mate of how long it will take carrier 204a to pick-up the item
and move to the transfer point (24), and how long it will take
carrier 2045 to move to the transter point (24), €.g., based on
an expected travel distance, a predetermined expected walk-
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ing speed, historical data regarding a walking speed of the
carrier 204a, etc. Thus, the system 100 can coordinate the
timing of instructions to the carriers 204aq and 2045H so their
arrival at the transier point (2d) occurs at the same time or
nearly the same time (e.g., within 30 seconds, within one
minute, within three minutes, within five minutes, etc.). At
the transfer point (2d), carrier 204a and carrier 2045 meet
and carrier 204a transiers the 1tem to carrier 2045.

[0061] After carrier 204a transfers the i1tem to carrier
204bH, the carrier 204a receives, via the mobile delivery
device, instructions on returning to his planned route. The
instructions to return to the regular route can be part of the
dynamic route determined by the system 100. For example,
in some embodiments the mstructions to return to the regular
route may include a location at which the carrier 204a 1s to
resume his planned route, step by step directions for return-
ing to the location, etc. In some embodiments, the carrier
204a may be directed to return to the same point at which the
carrier 204a left the planned route to travel to the transfer
point (2d), or the carrier 204a may be directed to travel to
a different point farther along the planned route relative to
the point at which the carrier 204a left the planned route
(e.g., 1t the carrier 204aq was not carrying any other 1items to
be delivered at locations between the point of departure and
the point of resumption of the route).

[0062] In some embodiments, the transier point (24) may
be selected from a plurality of predetermined transier nodes.
A transier node can be a geographic location or point where
an 1tem can be picked up, deposited, or transferred from one
resource to another resource. As described with reference to
FIG. 1, the dynamic router 130 may be configured to
identily, store, modity, delete, or otherwise manage a list or
database of predetermined transier nodes. When a pickup/
delivery request 1s subsequently received that can be ful-
filled using a plurality of routes as described above, the
dynamic routing performed by the dynamic router 130 can
include the selection of one of the predetermined transier
nodes as a location for two resources (e.g., a pickup
resource, a delivery resource, and/or an intermediate
resource) to meet and transfer the item.

[0063] Transier nodes may be i1dentified based on one or
more of a variety of selection factors. Identified transier
nodes can be stored and accessed by the dynamic router 130
and with additional components of the system 100. In some
embodiments, potential transier nodes may be i1dentified
based on their proximity to a plurality of resource routes
(e.g., carrier routes). For example, potential transier nodes
may include intersections, pedestrian-iriendly areas, parks,
plazas, etc., located along portions of existing resource
routes that are in relatively close proximity to one or more
other nearby resource routes (e.g., within a threshold dis-
tance such as within 0.25 miles, within 10 blocks, within a
distance corresponding to a walk time of 1 minutes, 2
minutes, 5 minutes, 10 minutes, etc.). In another example,
potential transfer nodes may include locations that are not
located directly along a resource route but are disposed
within a similar threshold distance of two or more resource
routes. Accordingly, the transfer node locations are selected
such that resources traveling along two diflerent resource
routes can stop along their routes and/or briefly deviate from
their respective routes to meet at a node to transier one or
more items.

[0064] Various additional selection factors may be con-
sidered at the dynamic router 130 to select transfer nodes
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from among the potential node locations. In some embodi-
ments, at least some transfer nodes may be selected based on
historical location data associated with resources. In one
example, GPS location data received from mobile delivery
devices carried by resources may indicate that resources
frequently spend at least a threshold time (e.g., at least 30
seconds, at least one minute, at least two minutes, at least
five minutes, etc.) at some potential node locations (e.g., a
location of an 1tem storage or retrieval box, a location where
resources frequently park their vehicles during “park and
loop™ operations, etc.). In some embodiments, the selection
of such locations may advantageously allow for two
resources to meet and transier items without undesirably
delaying one or both resources. Moreover, 1f a transier node
1s a frequent vehicle parking location, a transfer may be
cllected by 1nstructing one resource to drop off an item 1n a
parked vehicle or retrieve an 1tem from a parked vehicle
while the resource associated with the vehicle 1s not present,
turther reducing the additional time required for one or both
resources during a transfer.

[0065] Insome embodiments, the dynamic router 130 may
determine that some potential node locations should not be
used as transier nodes. For example, an intersection may not
be selected as a transfer node 1f one or more roads at the
intersection do not have sidewalks or are frequently highly
congested. In another example, some outdoor locations may
not be used as transier nodes during adverse weather con-
ditions 11 the locations are known to lack shelter structures.
In yet another example, existing transfer nodes may be
removed (e.g., deleted from a database, etc.) based on one or
more adverse reports from resources traveling to or from the
transier nodes (e.g., adverse reports related to safety, crime,
travel delays, etc.). Accordingly, by selecting and optimizing
the set of transier nodes utilized by the dynamic router 130,
item transiers between resources may be achieved with
minimal 1mpact to the resources’ safety or the timeliness of
the deliveries along the resources’ regularly planned routes.

[0066] FIG. 3 shows an exemplary map on which a
dynamic route 1s created for pick-up and delivery of an 1tem
using an alternate delivery location. The process for a
customer ordering an 1tem, requesting a pick-up and/or
delivery, or requesting a service can be similar to that
described elsewhere herein.

[0067] FIG. 3 depicts 2 carrier areas, area A comprising
the left half of FIG. 3 and area B comprising the right half
of FIG. 3. The pick-up location 305 is located 1n carrier area
A. The customer requested delivery to a delivery point 310
within the carrier area B. At (2b) the system 100 determines
that the customer’s preferred delivery point 310 1s unavail-
able, for example, because 1t 1s 1naccessible, 1s too mnethcient
based on existing routes and/or resource locations, or for
another reason. The system 100 determines the location of a
customer’s alternate delivery locations, which may have
been input with the item order, or which the distribution
network may have associated with the user and the user’s
account. In some embodiments, the system 100 may deter-
mine where the nearest secure delivery facility, such as an
clectronic parcel locker, 1s located, and set that location as a
delivery point. In some embodiments, the system 100
requests the user select one of the proposed delivery loca-
tions, and sets the selected delivery location for delivery.
The system then notifies the carriers according regarding
pick-up and delivery, and the carriers are directed to the
pick-up location, transfer point, and delivery location.
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[0068] The alternate delivery location may be a location
that optimizes or improves efliciency of delivery based on
the systems and methods described herein. In some embodi-
ments, the alternate delivery location may be a node located
near the user’s preferred delivery point 310. For example,
the system may determine that there 1s not a suitable
combination of planned resource routes and/or resource
locations that will allow the item to be delivered to the user’s
preferred delivery point 310 (1n one particular example, the
item can be delivered to a node near the preferred delivery
point 310, but the resource on the planned route from the
node to the preferred delivery point 310 may have already
passed the node). In this case, a node near the preferred
delivery point 310 may be used instead, for example, if the
node includes a secure receptacle, an electronic parcel
locker, a distribution network facility, or other location
where the resource can leave the 1tem for the user. In another
example, a non-node location (e.g., a secure receptacle or an
clectronic parcel locker located relatively near the preferred
delivery point 310 along a different resource route that does
not pass the preferred delivery point 310) may be used as the
alternate delivery location. In further embodiments, an alter-
nate delivery location may be used even 1f the user’s
preferred delivery point 310 1s available, for example, i1 it
would be substantially more eflicient for the distribution
network to do so (e.g., if delivery to the preferred delivery
point 310 would require 15 minutes of resource waiting time
while delivery to a suitable alternate delivery location would
require only 5 minutes of resource waiting time).

[0069] FIG. 4 1s a flowchart depicting an exemplary
method 400 of dynamically routing delivery resources. The
method 400 may be implemented within a variety of distri-
bution networks or systems, such as the system 100 of FIG.
1. In some embodiments, the method 400 may be performed
at least 1n part by the central hub 110 in conjunction with the
dynamic router 130, a user interface 120, and/or one or more
mobile delivery devices 140.

[0070] The method 400 begins at block 405 when a
pickup/delivery request 1s recerved. The request may be
received at the central hub 110 via the user interface 120.
The request may include a pickup location where an 1tem 1s
to be picked up, a delivery location where the item 1s to be
delivered, and item information associated with the item.
The pickup and delivery locations may 1nclude, for example,
addresses or other location information identifying the
pickup and delivery locations. The item information may
include, for example, an alphanumeric 1dentifier correspond-
ing to the item, an 1mage of the item, dimensions and/or
weight of the 1tem, payment information corresponding to
the item, etc. When the pickup/delivery request has been
received the method 400 continues to block 410.

[0071] At block 410, the system 100 determines pickup

and delivery points for the item. In some embodiments, the
pickup and delivery points may be the same as the pickup
and delivery locations received with the request at block
405. In some embodiments, a known delivery point near the
received delivery location (e.g., a secure receptacle, a nearby
street address, etc.) may be substituted for the received
delivery location if the received delivery location 1s not
available as a delivery point. In addition, the system 100
may determine location information corresponding to the
pickup and delivery points, such as latitude and longitude for
cach point, 1n order to facilitate dynamic routing of the item.
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When the pickup and delivery points for the item have been
determined, the method 400 continues to decision state 415.

[0072] At decision state 415, the system 100 determines
whether the pickup and delivery points are located along a
single resource route (e.g., a planned route to be traveled by
a delivery resource within the distribution network). If the
pickup and delivery points can be accommodated by a single
resource along a planned route, the method 400 terminates
at block 420. No dynamic routing 1s necessary, and the
central hub 110 sends instructions to a mobile delivery
device 140 carried by a resource along the 1dentified route
instructing the resource to pickup the item at the pickup
pomnt and to deliver the item at the delivery point. If 1t 1s
determined at block 415 that the pickup and delivery points
are not along a single route, the method 400 continues to
block 425 to dynamically determine a route for the item.

[0073] At block 425, the dynamic router 130 determines a
pickup route. The pickup route may be determined, for
example, by identifying one or more planned resource routes
that pass through or near the determined pickup point. In
some embodiments, the dynamic router 130 selects a
planned resource route that passes within a threshold dis-
tance of the pickup point, for example, within 0.5 miles,
within 0.25 miles, within 0.1 miles, within a predetermined
number of city blocks of the pickup pomt, or within a
distance corresponding to a maximum allowable deviation
time (e.g., within a five-minute walk ofl the planned
resource route). In some embodiments, the dynamic router
130 may consider additional factors in determining the
pickup route. For example, the dynamic router 130 may use
real time or near-real time resource location information and
may only consider routes 1n which the resource serving the
route has not yet passed the pickup point. After the pickup
route 1s determined, the method 400 continues to block 430.

[0074] At block 430, the dynamic router 130 determines a
delivery route. The delivery route may be determined, for
example, by identifying one or more planned resource routes
that pass through or near the determined delivery point. In
some embodiments, the dynamic router 130 selects a
planned resource route that passes within a threshold dis-
tance of the delivery point, for example, within 0.5 miles,
within 0.25 miles, within 0.1 miles, within a predetermined
number of city blocks of the delivery point, or within a
distance corresponding to a maximum allowable deviation
time (e.g., within a five-minute walk ofl the planned
resource route). In some embodiments, the dynamic router
130 may consider additional factors in determining the
delivery route. For example, the dynamic router 130 may
use real time or near-real time resource location information
and may only consider routes 1n which the resource serving
the route has not yet passed the delivery point and/or routes
in which the resource serving the route has not yet passed a
portion of the route that 1s located near the pickup route.
After the delivery route 1s determined, the method 400
continues to block 435.

[0075] At block 435, the dynamic router 130 selects a
transier node between the pickup route and the delivery
route. The dynamic router 130 may select the transier node
from a plurality of stored transfer nodes, which may be
stored 1n association with one or more resource routes. The
dynamic router 130 may select a transier node that 1s within
a threshold distance of both the pickup route and the delivery
route. Similar to the selection criteria for the pickup and
delivery routes, the dynamic router 130 may select a transfer
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node that 1s within a desired maximum deviation distance or
time for each resource. In some embodiments, the selected
transier node may be located on either the pickup route or
the delivery route, or may be located away from both routes
such that both resources will make a small deviation from
their planned routes to transfer the item. The selection of the
transier node may further be based on real time or near-real
time resource location information. For example, the
dynamic router 130 may identily a first node that 1s a
S-minute walk from the pickup resource’s current location
and a 25-minute walk from the delivery resource’s current
location, and a second node that 1s a 17-minute walk {from
the pickup resource’s current location and a 13-minute walk
from the delivery resource’s current location. In this situa-
tion, the dynamic router 130 may select the second node as
the transier node because an 1tem transier at the second node
will only require the delivery resource to wait for approxi-
mately 4 minutes for the arrival of the pickup resource at the
second node, while an item transfer at the first node would
require the pickup resource to wait 20 minutes for at the first
node. Accordingly, selection of the second node as the
transfer node may reduce waiting time and optimize the
elliciency of the dynamic routing system.

[0076] The dynamic router 130 may additionally deter-
mine amendments to one or more of the pickup route and the
delivery route. For example, the amendment to the delivery
route may include a location at which the resource 1s to
deviate from the planned resource route, a route from the
deviation point to the pickup point, and a route from the
pickup point to a location at which the resource 1s to rejoin
the planned resource route. The amendment may further
include a second location at which the resource 1s to deviate
from the planned resource route, a route from the second
deviation point to the transier node, and a route from the
transier node to a point at which the resource is to again
rejoin the planned resource route. When the transier node
has been selected and any amendments have been deter-
mined and sent to the central hub 110, the method 400
continues to block 440.

[0077] At block 440, the method terminates as the central
hub 110 sends 1nstructions to the resources. The central hub
110 may transmit instructions to mobile delivery devices
140 carried by the resources on the pickup and delivery
routes, causing the mobile delivery devices 140 to display
instructions to the resources. The displayed instructions may
include location identifiers indicating locations such as the
pickup point, the delivery point, or the item transier node,
and/or turn-by-turn directions directing the resources to the
identified points. In some embodiments, the instructions
provided to each resource further include information iden-
tifying the other resource to be met at the transfer node (e.g.,
a name or other 1dentifying characteristic to permit the two
resources to 1dentily one another. In some embodiments, the
mobile delivery devices 140 may further provide an alert
such as a visual or audio alert, to notity each resource that
there has been a change to the planned resource route.

[0078] While the above detailed description has shown,
described, and pointed out novel features of the develop-
ment as applied to various embodiments, 1t will be under-
stood that various omissions, substitutions, and changes 1n
the form and details of the device or process illustrated may
be made by those skilled 1n the art without departing from
the spirit of the development. As will be recognized, the
present development may be embodied within a form that
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does not provide all of the features and benefits set forth
herein, as some features may be used or practiced separately
from others. All changes which come within the meaning
and range of equivalency of the claims are to be embraced
within their scope.

[0079] A person skilled in the art will recognize that each
of these sub-systems may be inter-connected and controlla-
bly connected using a variety of techniques and hardware
and that the present disclosure 1s not limited to any specific
method of connection or connection hardware.

[0080] The technology 1s operational with numerous other
general purpose or special purpose computing system envi-
ronments or configurations. Examples of well-known com-
puting systems, environments, and/or configurations that
may be suitable for use with the invention include, but are
not limited to, personal computers, server computers, hand-
held or laptop devices, multiprocessor systems, micropro-
cessor-based systems, a microcontroller or microcontroller
based system, programmable consumer electronics, network
PCs, minicomputers, mainirame computers, distributed
computing environments that include any of the above
systems or devices, and the like.

[0081] As used herein, instructions refer to computer-
implemented steps for processing information in the system.
Instructions may be implemented in software, firmware or
hardware and 1nclude any type of programmed step under-
taken by components of the system.

[0082] A microprocessor may be any conventional general
purpose single- or multi-chip microprocessor such as a
Pentium® processor, a Pentium® Pro processor, a 8051
processor, a MIPS® processor, a Power PC® processor, or
an Alpha® processor. In addition, the microprocessor may
be any conventional special purpose microprocessor such as
a digital signal processor or a graphics processor. The
microprocessor typically has conventional address lines,
conventional data lines, and one or more conventional
control lines.

[0083] The system may be used 1n connection with various
operating systems such as Linux®, UNIX®, MacOS® or
Microsoft Windows®.

[0084] The system control may be written 1n any conven-
tional programming language such as C, C++, BASIC,
Pascal, NET (e.g., C#), or Java, and ran under a conven-
tional operating system. C, C++, BASIC, Pascal, Java, and
FORTRAN are industry standard programming languages
for which many commercial compilers may be used to create
executable code. The system control may also be written
using interpreted languages such as Perl, Python or Ruby.

Other languages may also be used such as PHP, JavaScript,
and the like.

[0085] The foregoing description details certain embodi-
ments of the systems, devices, and methods disclosed
herein. It will be appreciated, however, that no matter how
detailed the foregoing appears 1n text, the systems, devices,
and methods may be practiced 1n many ways. As 1s also
stated above, 1t should be noted that the use of particular
terminology when describing certain features or aspects of
the invention should not be taken to imply that the termi-
nology 1s being re-defined herein to be restricted to includ-
ing any specific characteristics of the features or aspects of
the technology with which that terminology 1s associated.

[0086] It will be appreciated by those skilled in the art that
vartous modifications and changes may be made without
departing from the scope of the described technology. Such
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modifications and changes are intended to fall within the
scope of the embodiments. It will also be appreciated by
those of skill in the art that parts included 1n one embodi-
ment are interchangeable with other embodiments; one or
more parts from a depicted embodiment may be included
with other depicted embodiments 1n any combination. For
example, any of the various components described herein
and/or depicted 1n the Figures may be combined, inter-
changed or excluded from other embodiments.

[0087] With respect to the use of substantially any plural
and/or singular terms herein, those having skill in the art
may translate from the plural to the singular and/or from the
singular to the plural as 1s appropriate to the context and/or
application. The various singular/plural permutations may
be expressly set forth herein for sake of clarity.

[0088] It will be understood by those within the art that, 1n
general, terms used herein are generally intended as “open”
terms (e.g., the term “including” should be interpreted as
“including but not limited to,” the term “having” should be
interpreted as “having at least,” the term “includes” should
be interpreted as “includes but 1s not limited to,” etc.). It will
be further understood by those within the art that 11 a specific
number of an introduced claim recitation 1s intended, such
an intent will be explicitly recited in the claim, and 1n the
absence of such recitation no such intent i1s present. For
example, as an aid to understanding, the following appended
claims may contain usage of the introductory phrases “at
least one” and “one or more™ to introduce claim recitations.
However, the use of such phrases should not be construed to
imply that the introduction of a claim recitation by the
indefinite articles “a” or “an” limits any particular claim
containing such introduced claim recitation to embodiments
contaiming only one such recitation, even when the same
claim 1ncludes the introductory phrases “one or more” or “at
least one” and indefinite articles such as “a” or “an” (e.g.,
“a” and/or “an” should typically be interpreted to mean “at
least one” or “one or more”); the same holds true for the use
of definite articles used to introduce claim recitations. In
addition, even 1f a specific number of an introduced claim
recitation 1s explicitly recited, those skilled in the art waill
recognize that such recitation should typically be interpreted
to mean at least the recited number (e.g., the bare recitation
of “two recitations,” without other modifiers, typically
means at least two recitations, or two or more recitations).
Furthermore, 1n those mstances where a convention analo-
gous to “at least one of A, B, and C, etc.” 1s used, in general
such a construction 1s intended 1n the sense one having skill
in the art would understand the convention (e.g., “a system
having at least one of A, B, and C” would include but not be
limited to systems that have A alone, B alone, C alone, A and
B together, A and C together, B and C together, and/or A, B,
and C together, etc.). In those istances where a convention
analogous to “at least one of A, B, or C, etc.” 1s used, 1n
general such a construction 1s intended 1n the sense one
having skill 1n the art would understand the convention (e.g.,
“a system having at least one of A, B, or C” would include
but not be limited to systems that have A alone, B alone, C
alone, A and B together, A and C together, B and C together,
and/or A, B, and C together, etc.). It will be turther under-
stood by those within the art that virtually any disjunctive
word and/or phrase presenting two or more alternative
terms, whether 1n the description, claims, or drawings,
should be understood to contemplate the possibilities of
including one of the terms, either of the terms, or both terms.
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For example, the phrase “A or B” will be understood to
include the possibilities of “A” or “B” or “A and B.”

[0089] All references cited herein are imcorporated herein
by reference 1n their entirety. To the extent publications and
patents or patent applications incorporated by reference
contradict the disclosure contained in the specification, the
specification 1s intended to supersede and/or take precedence
over any such contradictory material.

[0090] The term “comprising” as used herein 1s synony-
mous with “including,” “contaiming,” or “characterized by,”
and 1s 1nclusive or open-ended and does not exclude addi-
tional, unrecited elements or method steps.

[0091] All numbers expressing quantities of ingredients,
reaction conditions, and so forth used 1n the specification
and claims are to be understood as being modified 1n all
instances by the term “about.” Accordingly, unless indicated
to the conftrary, the numerical parameters set forth in the
specification and attached claims are approximations that
may vary depending upon the desired properties sought to be
obtained by the present invention. At the very least, and not
as an attempt to limit the application of the doctrine of
equivalents to the scope of the claims, each numerical
parameter should be construed 1n light of the number of
significant digits and ordinary rounding approaches.

[0092] The above description discloses several methods
and materials of the present development. This development
1s susceptible to modifications 1n the methods and materials,
as well as alterations 1n the fabrication methods and equip-
ment. Such modifications will become apparent to those
skilled 1n the art from a consideration of this disclosure or
practice of the development disclosed herein. Consequently,
it 1s not intended that this development be limited to the
specific embodiments disclosed herein, but that 1t cover all
modifications and alternatives coming within the true scope
and spirit of the development.

1-20. (canceled)

21. A system {for determining a route for delivery
resources, the system comprising:

a processor configured to receive item delivery requests,
cach 1tem delivery request comprising a pickup loca-
tion, a delivery location, and 1tem information corre-
sponding to an 1tem to be delivered; and

a dynamic router processor in communication with a
memory storing a plurality of predetermined resource
routes traveled by a plurality of resources, the dynamic
router processor configured to:

identily a plurality of potential nodes each located within
a predetermined threshold distance of at least two of the
plurality of predetermined resource routes; and

for individual item delivery requests:

determine, from the plurality of predetermined resource
routes, a first resource route, associated with a first
resource, that passes within a first threshold distance
relative to the pickup location;

determine, from the plurality of predetermined resource
routes, a second resource route, associated with a
second resource, that passes within the first threshold
distance relative to the delivery location;

determine, from among the plurality of potential nodes,
a transfer node disposed within a second threshold
distance relative to at least a portion of the first
resource route and at least a portion of the second
resource route; and
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determine a modified first resource route that passes
within a third threshold distance relative to the
transfer node and a modified second resource route
that passes within the third threshold distance rela-
tive to the transfer node,

wherein the processor 1s further configured to:

transmit the modified first resource route and a first
item transfer instruction to a first device associated
with the first resource and cause the first device to
direct the first resource via the modified first resource
route to a location at or within the third threshold
distance relative to the transfer node; and

transmit the modified second resource route, a second
item transier instruction and an item delivery instruc-
tion to a second device associated with the second
resource and cause the second device to direct the
second resource via the second modified resource
route to the location at or with the third threshold
distance relative to the transfer node, for eflectuating
a transter of the item from the first resource to the
second resource based on the first and second item
transier instruction for delivery of the item to the
delivery location according to the item delivery
instruction.

22. The system of claim 21, wherein the dynamic router
processor 1s further configured to receive real time or
near-real time location information corresponding to indi-
vidual resources located along the predetermined resource
routes.

23. The system of claim 22, wherein the dynamic router
processor selects the transfer node based at least 1n part on
the location information.

24. The system of claim 21, wherein the item delivery
instruction comprises at least one of an identifier of the
delivery location or directions to the delivery location.

25. The system of claim 21, wherein the dynamic router
processor 1s further configured to add, modily, and remove
an 1ndividual transfer node from the plurality of potential
nodes, based at least 1n part on aggregated resource location
data associated with the plurality of predetermined resource
routes.

26. The system of claim 21, wherein the processor 1s
turther configured to:

cause the first device to display the first item transier
instruction and the modified first resource route and
provide, to the first resource, a visual and/or audio alert
when the first item transfer instruction 1s displayed; and

cause the second device to display the second item
transier instruction, the item delivery instruction and
the modified second resource route and provide, to the
second resource, a visual and/or audio alert when the
item transier istruction 1s displayed.

27. The system of claim 21, wherein the first item transier
istruction comprises 1dentification information associated
with the second resource, and wherein the second item
transier instruction comprises identification information
associated with the first resource.

28. A method for determiming a route for delivery
resources, the method comprising:

receiving, at a processor, item delivery requests, each item
delivery request comprising a pickup location, a deliv-
ery location, and 1tem 1nformation corresponding to an
item to be delivered;
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identifying, at a dynamic router processor, a plurality of
potential nodes each located with a predetermined
threshold distance from at least two of a plurality of
predetermined resource routes traveled by a plurality of
resources;

for each item delivery request, at the dynamic router
Processor:

determining, from the plurality of predetermined resource
routes, a first resource route associated with a first
resource, that passes within a first threshold distance
relative to the pickup location and a second resource
route, associated with a second resource, that passes
with the first threshold distance relative to the delivery
location;

determining, from among a plurality of stored transfer
nodes, a transfer node disposed within a second thresh-
old distance relative to at least a portion of the first
resource route and at least a portion of the second
resource route;

determinming a modified first resource route that passes
with a third threshold distance relative to the transfer
node and a modified second resource route that passes
within the third threshold distance relative to the trans-
fer node;

transmitting the modified first resource route and a first
item transfer instruction to a first device associated with
the first resource and causing the first device to direct
the first resource via the modified first resource route to
a location at or within the third threshold distance
relative to the transtfer node; and

transmitting the modified second resource route and a
second 1tem transier instruction to a second device
associated with the second resource and causing the
second device to direct the second resource via the
modified second resource route to the location at or
with the third threshold distance relative to the transfer
node, for eflectuating a transier of the item from the
first resource to the second resource based on the first
and second 1tem transfer istructions for delivery of the
item to the delivery location according to the item
delivery instruction.

29. The method of claim 28, further comprising, at the
dynamic router processor, recerving real time or near real
time location information corresponding to individual
resources located along the predetermined resource routes.

30. The method of claim 29, wherein determining the
transfer node 1s based at least in part on the location
information.

31. The method of claim 28, wherein the item delivery
instruction comprises at least one ol an identifier of the
delivery location or directions to the delivery location.

32. The method of claim 28, further comprising, at the
dynamic router processor, adding, moditying, and/or remov-
ing an 1ndividual transfer node from the plurality of stored
transier nodes, based at least 1n part on aggregated resource
location data associated with the plurality of predetermined
resource routes.

33. The method of claim 28, further comprising, by the
Processor,

causing the first device to display the first item transfer
instruction and the modified first resource route and
provide, to the first resource, a visual and/or audio alert
when the first item transier instruction 1s displayed; and
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causing the second device to display the second item
transier instruction, the item delivery instruction and
the modified second resource route and provide, to the
second resource, a visual and/or audio alert when the
item transier instruction i1s displayed.

34. The method of claim 28, wherein the first item transier
instruction comprises identification information associated
with the second resource, and wherein the second item
transfer instruction comprises identification information
assoclated with the first resource.

35. The method of claim 28, further comprising, by the
dynamic router processor, removing an individual transfer
node from the plurality of stored transier nodes based at least
in part on one or more adverse reports recerved Irom
resources traveling to or from the individual transier nodes.

36. The method of claim 35, wherein the one or more
adverse reports correspond to safety conditions of the indi-
vidual transfer node.

37. The method of claim 35, wherein the one or more
adverse reports correspond to efliciency of utilization of the
individual transfer node for transfer of the item from the first
resource to the second resource.
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38. The method of claim 37, wherein the one or more
adverse reports include traflic conditions at or near the
individual transfer nodes, and/or parking access and time at
or near the mdividual transfer nodes.

39. The method of claim 28, wherein at least one of the
first and the second resource comprises an individual
human.

40. The method of claim 28, further comprising;

receiving a subsequent request for delivery of a second

item from a second pickup location to a second delivery
location within a requested time period;

determiming that the delivery of the second item cannot be

performed within the requested time period, based at
least 1n part on the second pickup location, the second
delivery location, and real time or near-real time loca-
tion information corresponding to one or more
resources; and

sending, to a user interface associated with the subsequent

request, a notification that the delivery of the second
item cannot be performed within the requested time
period.
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