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UNMANNED AERIAL VEHICLE DELIVERY SYSTEM

CROSS-REFERENCE TQO RELATED APPLICATION
[6001] This application claims priority to U.S. Provisional Application 61/896,065,
filed Octobel: 26, 2013, entitled “Autom-ated Aerial Delivery Vehicle;” U.S. Provisional
Application 61/901,431, filed November 7, 2013, entitled “Automated Aerial Delivery
Vehicle Routine And Safety,” and U.S. Application No. 14/502,707, filed September

30,2014, entitled “Unmanned Aerial Vehicle Delivery System.”

BACKGROUND
[0002]  Physical delivery of items to user specified locations has improved
dramatically over the years, with some retailers offering next day delivery of ordered
items. The final, or last mile delivery of physical items to a user specified location is
traditionally accomplished using a human controlled truck, bicycle, cart, etc. For
example, 2 user may order an item for delivery to their home. The item may be picked
from a materials handling facility, packed and shipped to the customer for final delivery
by a shipping carrier, The shipping carrier will load the item onto a truck that is driven
by 2 human to the fnal delivery location and the human driver, or another human
companion with the driver, will retrieve the item from the truck and complete the
delivery to the destimation. For example, the human may hand the item to a recipicnt,

place the item on the user’s porch, store the item in a post office box, ete.

CA 2927096 2017-09-08
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SUMMARY

[0002a] According to one aspect of the present invention, there is provided a system for
aerial delivery of items comprising: a plurality of unmanned aerial vehicles, each of the
plurality of unmanned aerial vehicles configured to aerially transport items; a management
system, including: a processor; and a memory coupled to the processor and storing program
instructions that when executed by the processor cause the processors to at least: receive from
a device a request to order an item for aerial delivery, the item available for purchase through
an e-commerce shopping site; determine a plurality of potential destination locations for
delivery of the item, wherein at least one of the plurality of potential destination locations is
determined based at least in part on a location of the device; receive a selection of a
destination location from the plurality of potential destination locations; and send to an
unmanned aerial vehicle of the plurality of unmanned aerial vehicles, delivery parameters
identifying a source location that includes the item and the destination location; wherein the
unmanned aerial vehicle, in response to receiving the delivery parameters, is further
configured to at least: navigate to the source location; engage the item located at the source
location; navigate a navigation route to the destination location; and disengage the item at the

destination location.

[0002Db] According to another aspect of the present invention, there is provided a
computer-implemented method, comprising: under control of one or more computing systems
configured with executable instructions, receiving from a device a request to order an item for
aerial delivery, the item available for purchase through an e-commerce shopping site;
determining, based at least in part on a location of the device, a destination location for
delivery of the item; selecting an unmanned aerial vehicle; sending delivery parameters to the
selected unmanned aerial vehicle; and causing a delivery of the item from a source location to

the destination location with the selected unmanned aerial vehicle.

[0002¢] According to still another aspect of the present invention, there is provided a
system for aerial transport of items using unmanned aerial vehicles, comprising: a first system

configured to at least: receive from a device a request to order an item for aerial delivery, the

-la-
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item available for purchase through an e-commerce shopping site; determine a plurality of
potential destination locations for delivery of the item; receive a selection of a destination
location from the plurality of potential destination locations; and determine a source location
of the item; a plurality of unmanned aerial vehicles, each of the unmanned aerial vehicles
configured to at least: wirelessly receive delivery parameters from an unmanned aerial vehicle
management system; selectively engage and disengage inventory items; and aerially navigate
between a source location and the destination location along a navigation path; and an aerial
vehicle management system configured to wirelessly communicate with each of the plurality

of unmanned aerial vehicles.

[0002d] According to still another aspect of the present invention, there is provided a
system for aerial delivery of items to a delivery location, comprising: a plurality of aerial
vehicles, each of the plurality of aerial vehicles configured to aerially transport items; an
aerial vehicle management system, including: a processor; and a memory coupled to the
processor and storing program instructions that when executed by the processor cause the
processor to at least: receive, from a device, a request to order an item for aerial delivery, the
item available through an e-commerce shopping site; send to an aerial vehicle of the plurality
of aerial vehicles, delivery parameters identifying at least a delivery location corresponding to
a first current location of the device; receive, subsequent to sending the aerial vehicle the
delivery parameters, a second current location of the device, wherein the second current
location is different than the first current location; and send, to the aerial vehicle, the second
current location; wherein the aerial vehicle is configured to at least: aerially navigate toward
the delivery location with the item; receive, while the aerial vehicle is aerially navigating
toward the delivery location, the second current location; alter a navigation path such that the
aerial vehicle navigates toward the second current location; and disengage the item when the

aerial vehicle arrives at the second current location.

[0002¢] According to still another aspect of the present invention, there is provided a
computer-implemented method, comprising: under control of one or more computing systems
configured with executable instructions, receiving, from a portable device, a request to order
an item; in response to receiving the request: determining a first current location of the

portable device; sending, to an aerial vehicle, delivery parameters identifying at least a

-1b-
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delivery location corresponding to the first current location of the portable device such that
the aerial vehicle begins aerial navigation toward the first current location; subsequent to
sending the delivery parameters, determining a second current location of the portable device,
wherein the second current location is different than the first current location; and sending, to
the aerial vehicle, the second current location such that the aerial vehicle, during aerial
navigation, alters navigation and aerially navigates toward the second current location,

whereby the item is considered to be delivered upon arrival at the second current location.

[0002f] According to yet another aspect of the present invention, there is provided a
system for aerial transport of items using aerial vehicles, comprising: an e-commerce
shopping site configured to at least: receive a request to view information about an item
available for purchase through the e-commerce shopping site; determine a delivery location
corresponding to a first current location of a portable device; determine a delivery time
estimate for aerial delivery of the item from a source location of the item to the delivery
location; provide item information to a user, the item information including a delivery option
for aerial transport of the item to the delivery location and an indication of the delivery time
estimate; and receive a request for aerial delivery of the item to the delivery location; an aerial
vehicle management system configured to at least: wirelessly communicate with an aerial
vehicle; send delivery parameters to the aerial vehicle, the delivery parameters indicating at
least the delivery location corresponding to the first current location of the portable device;
determine, during aerial transport of the item by the aerial vehicle, a second current location
of the portable device, wherein the second current location is different than the first current
location; send, to the aerial vehicle, the second current location; and the aerial vehicle
configured to at least: wirelessly communicate with the aerial vehicle management system;
receive the delivery parameters; receive the item; and aerially navigate with the item toward
the delivery location; receive, while the aerial vehicle is aerially navigating toward the
delivery location, the second current location; and alter a navigation path such that the aerial
vehicle navigates toward the second current location, whereby the item is considered to be

delivered upon arrival at the second current location.

[0002¢g] According to still another aspect of the present invention, there is provided a

delivery location apparatus, comprising: a plurality of storage compartments; a door that is

-le-
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operable to transition between a closed position and an open position so that a container
carried by an aerial vehicle may be passed through an opening and into the delivery location
apparatus when the door is in the open position; a plurality of gears configured to engage with
the container and receive the container into the delivery location apparatus through the
opening; and a control station configured to at least: send a first instruction to cause the door
to transition from the closed position to the open position; send a second instruction to cause
the aerial vehicle to navigate into a position in which the container carried by the aerial
vehicle is aligned with the opening and can be engaged by the gears; send a third instruction
to cause the aerial vehicle to disengage the container; and send a fourth instruction to active
the gears to receive the container and position the container in a storage compartment of the

plurality of storage compartments.

[0002h] According to yet another aspect of the present invention, there is provided an
apparatus, comprising: at least one storage compartment; a door that is operable to transition
between a closed position and an open position so that a container carried by an aerial vehicle
may be passed through an opening and into the apparatus; and a control station configured to
at least: send a first instruction to cause the door to transition from the closed position to the
open position; send a second instruction to cause the aerial vehicle to navigate into a position
in which the container carried by the aerial vehicle is aligned with the opening; and send a
third instruction to cause the aerial vehicle to disengage the container such that the container

passes through the opening and into the at least one storage compartment of the apparatus.

[0002i] According to still another aspect of the present invention, there is provided a
method, comprising: determining that an aerial vehicle is to disengage a container into a
delivery location apparatus; causing a door of the delivery location apparatus to transition
from a closed position to an open position so that the container carried by an aerial vehicle
may be passed through an opening and into the delivery location apparatus; receiving the
container into the delivery location apparatus when the container is disengaged by the aerial

vehicle; and causing the door to transition from the open position to the closed position.

-1d-
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BRIEF DESCRIPTION OF THE DRAWINGS

[0003] The detailed description is described with reference to the accompanying

figures. In the figures, the left-most digit(s) of a reference number identifies the figure

-le-
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in which the reference number first appears. The usc of the samc reference numbers in
different figurcs indicates similar or identical components or featurcs.

[0004] FIG. 1 depicts a graphical user interface for sclecting a delivery option for
the delivery of an item, in an implemcentation.

[0005] FIG. 2 depicts a block diagram of a top-down view of an unmanned aerial
vehicle, according to an implementation.

[0006] FIGs. 3A — 3G depict block diagrams of various inventory engagement
mechanisms for engaging and disengaging inventory handled by the unmanned aerial
vehicle illustrated in FIG. 2, according to an implementation.

[0007] FIG. 4 depicts a block diagram of a secure delivery location, according to an
implementation.

[0008] FIG. 5 depicts a diagram of a UAV environment, according to an
implementation.

[0009]  FIG. 6 depicts a block diagram of a UAV landing at an attended delivery
location, according to an implementation.

[0010] FIG. 7 is aflow diagram illustrating an example process for presenting an
unmanned aerial vehicle delivery option for an item, according to an implementation.
[0011] FIG. 8 is a flow diagram illustrating an cxamplc acrial dclivery planning
process, according to an implementation.

[0012] FIG. 9 is a flow diagram illustrating an example automated aerial delivery
process, according to an implementation.

[0013] FIG. 10 is a flow diagram illustrating an example unmanned aerial vehicle
route planning process, according to an implementation.

[0014] FIG. 11 is a flow diagram illustrating an example route navigation process,

according to an implementation.
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[0015] FIG. 12 is a flow diagram illustrating an cxamplc dclivery notification
process, according to an implementation.

[0016] FIG. 13 is a flow diagram illustrating an example unmanned aerial vehicle
landing proccss, according to an implementation.

[0017] FIG. 14 is a block diagram illustrating various components of an unmanned
acrial vehicle control system, according to an implementation.

[0018] FIG. 15 1s a block diagram of an illustrative implementation of a server system
that may be used with various implementations.

[0019] While implementations are described herein by way of example, those
skilled in the art will recognize that the implementations are not limited to the examples
or drawings described. It should be understood that the drawings and detailed
description thereto are not intended to limit implementations to the particular form
disclosed but, on the contrary, the intention is to cover all modifications, equivalents
and alternatives falling within the spirit and scope as defined by the appended claims.
The headings used herein are for organizational purposes only and are not meant to be
used to limit the scope of the description or the claims. As used throughout this
application, the word “may” is used in a permissive sense (i.e., meaning having the
potential to), rather than the mandatory scnsc (i.c., meaning must). Similarly, the words

9 6ey

“include,” “including,” and “includes” mean including, but not limited to.

DETAILED DESCRIPTION
[0020] This disclosure describes an unmanned aerial vehicle (“UAV”) configured
to autonomously deliver items of inventory to various delivery locations. As discussed
in further detail below, in some implementations, the UAV may receive delivery

parameters (e.g., item information, source location information, and/or delivery
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location information), autonomously or scmi-autonomously retricve the item(s) from a
sourcc location (c.g., a materials handling facility or a third party scller), computc a
route from the source location to a delivery location, and aerially transport the retrieved
item(s) to the dclivery location. In some implementations, the UAV will communicate
with other UAVs in the area to obtain information used in route planning. This
information may be stored in a central location and/or dynamically shared between
nearby UAVs, materials handling facilities, relay locations, a UAV management system
and/or secure delivery locations. For example, other UAVs may provide information
regarding weather (e.g., wind, snow, rain), landing conditions, traffic, etc. The UAV
may utilize this information to plan the route from the source location to the delivery
location and/or to modify the actual navigation of the route. In addition, in some
implementations, the UAV may consider other environmental factors while navigating
a route. For example, if the UAV’s route must cross over a road built for automobiles,
the navigation of the route may be adjusted to minimize the intersection between the
UAV’s path and the road. For example, the UAV may alter its navigation such that the
path of the UAV will intersect with the automobile road at an approximately
perpendicular angle.

[0021] In still other implementations, the UAY may constantly monitor for humans
or other animals that may be in the path or planned path of the UAV and modify the
navigation of the UAV to avoid those humans or other animals.

[0022] When the UAV reaches the delivery location, it will identify an arca at the
delivery location where it can safely approach the ground, or another surface, and leave
the inventory item, thereby completing the delivery. This may be done through
assistance of a remote entity controller taking control of and/or providing control

instructions to the UAV to assist the UAV in landing at the delivery location. In other
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implementations, if thc UAV has previously landed at the delivery location, it may usc
stored information about the delivery location (c.g., safc landing arca, gcographic
coordinates of the landing area) to navigate the landing at the delivery location. Upon
complction of the dclivery, the UAV may return to a matcrials handling facility or
another location to receive different inventory, recharge, etc.

[0023] As used herein, a materials handling facility may include, but is not limited
to, warehouses, distribution centers, cross-docking facilities, order fulfillment facilities,
packaging facilities, shipping facilities, rental facilities, libraries, retail stores,
wholesale stores, museums, or other facilities or combinations of facilities for
performing one or more functions of materials (inventory) handling. A delivery
location, as used herein, refers to any location at which one or more inventory items
may be delivered. For example, the delivery location may be a person’s residence, a
place of business, a location within a materials handling facility (e.g., packing station,
inventory storage), any location where a user or inventory is located, etc. Inventory or
items may be any physical goods that can be transported using a UAV.

[0024] A “relay location” as used herein may include, but is not limited to, a
delivery location, a materials handling facility, a cellular tower, a rooftop of a building,
a sccure delivery location, or any other location where a UAV can land, charge, retricve
inventory, replace batteries, and/or receive service.

[0025] FIG. 1 depicts a graphical user interface 100 for selecting a delivery option
for the delivery of an item, according to an implementation. In this example, the user
has requested to purchase an electronic device titled “6” Touch Screen Display™ 102
sold by ABC Company. As part of the purchase process, the user may select one or
more delivery methods that may be used to deliver the selected item. In this example,

the user has selected “Automated Aerial Delivery” 109 with a delivery time estimate
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110 of 30 minutcs. Lfthc uscr docs not desire to receive the item via automated acrial
dclivery, the user may choosc another delivery option by sclecting the “Choosc Another
Delivery Option” 112 button. In still another implementation, the user may select a
delivery time for the acrial delivery. For cxample, if the user docs not desire to reccive
the item, in this example, in 30 minutes, they may select another time at which they
would like to receive the item.

[0026] In addition to selecting a delivery method, the user may choose a delivery
location 114. With the implementations described herein, a user now has the ability to
choose “Bring It To Me” 114(A). With this option, the actual location of the user is
determined and the UAV delivers the item to the current location of the user. The
current location of the user may be based on, for example, a determined location of a
portable device (e.g., mobile phone) associated with the user, the location of the
network utilized by the user when placing the order, etc. For example, the user may
identify their current location by allowing Global Positioning System (“GPS”) data to
be provided by their mobile device. Alternatively, if the user is connected through a
wireless network (e.g., cellular, Wi-Fi, satellite), the location of the network may be
determined and used as the current location of the user.

[0027] In some implecmentations, the location of the user may be maintained and
updated until the item is delivered to the user. If the current location of the user is
determined based on the GPS data from the user’s mobile device, the GPS data may be
periodically retrieved by the UAV management system (discussed below) and the
delivery destination updated as the GPS data changes. For example, the user may place
an order for an item while at home, select to have the item delivered to their current
location (delivery within 30 minutes of the order) and then leave to go to their friend’s

house, which is three blocks away from their home. As the ordered item is retrieved
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from inventory, the current location of the uscr’s mobile device may be determined and
the delivery location correspondingly updated. As such, the ordered item will be
delivered to the user while the user is at their friend’s house, or any other location.
[0028] In a similar manncr, if the uscr docs not desire to have the item delivered to
their current location, another location may be selected from either the list of locations
114 or select a location on the presented map 118. The list of locations 114 may
include other locations for which the user has received items via delivery from a UAV,
other locations near the user that can receive UAV deliveries, or other locations that are
configured to enable tracking of the current location of the vehicle.

[0029] For example, the user may have previously had an item delivered using a
UAYV to their home, as illustrated by the home delivery location option 114(B).
Likewise, there may be a secure delivery location (discussed below) near the person’s
place of employment, as illustrated by the work delivery location option 114(C).
Alternatively, the user may have identified another location for which location
information can be determined and used for item delivery. In this example, the user has
provided information that can be used to determine the current location of the user’s
boat. The location of the user’s boat may be determined based on the GPS of the boat
and rctricving GPS data from the boat. In still other cxamplcs, the uscr can add other
locations through selection of the “Add Location” button 116 or selecting a location on
the map 118.

[0030] Upon user selection of a delivery location, the estimated delivery time may
be dynamically updated to reflect the estimated amount of time needed for the UAV to
deliver the item to the delivery location. For example, the user’s boat may be
physically farther from the source location than the user’s home. As such, the delivery

estimate time may change. Upon selection of a delivery method and delivery location,
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thc UAV managcement system may proccss the uscr’s order for acrial delivery to the
sclected delivery location.

[0031] FIG. 2 illustrates a block diagram of a top-down view of a UAV 200,
according to an implcmentation. As illustrated, the UAV 200 includces cight
propellers 202-1, 202-2, 202-3, 202-4, 202-5, 202-6, 202-7, 202-8 spaced about the
frame 204 of the UAV. The propellers 202 may be any form of propeller (e.g.,
graphite, carbon fiber) and of a size sufficient to lift the UAV 200 and any inventory
engaged by the UAV 200 so that the UAV 200 can navigate through the air to deliver
the item(s) to a delivery location. While this example includes eight propellers, in other
implementations, more or fewer propellers may be utilized. Likewise, in some
implementations, the propellers may be positioned at different locations on the

UAV 200. In addition, alternative methods of propulsion may be utilized as “motors”
in implementations described herein. For example, fans, jets, turbojets, turbo fans, jet
engines, internal combustion engines, and the like may be used (either with propellers
or other devices) to propel the UAV.

[0032] The frame 204 of the UAV 200 may likewise be of any suitable material,
such as graphite, carbon fiber and/or aluminum. Tn this example, the frame 204 of the
UAYV 200 includes four rigid members 205-1, 205-2, 205-3, 205-4, or bcams arranged
in a hash pattern with the rigid members intersecting and joined at approximately
perpendicular angles. In this example, rigid members 205-1 and 205-3 are arranged
substantially parallel to one another and are approximately the same length., Rigid
members 205-2 and 205-4 are arranged substantially parallel to one another, yet
perpendicular to rigid members 205-1 and 205-3. Rigid members 205-2 and 205-4 are
approximately the same length. In some embodiments, all of the rigid members 205

may be of approximately the same length, while in other implementations, some or all
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of the rigid members may be of different Iengths. Likewisce, the spacing and/or
oricntation between the two sets of rigid members may be approximatcely the same or
different.

[0033] Whilc the implementation illustrated in FIG. 2 includes four rigid

members 205 that are joined to form the frame 204, in other implementations, there
may be fewer or more components to the frame 204. For example, rather than four
rigid members, in other implementations, the frame 204 of the UAV 200 may be
configured to include six rigid members. In such an example, two of the rigid
members 205-2, 205-4 may be positioned parallel to one another. Rigid members 205-
1, 205-3 and two additional rigid members on either side of rigid members 205-1, 205-
3 may all be positioned parallel to one another and perpendicular to rigid members 205-
2,205-4. With additional rigid members, additional cavities with rigid members on all
four sides may be formed by the frame 204. As discussed further below, a cavity
within the frame 204 may be configured to include an inventory engagement
mechanism for the engagement, transport and delivery of item(s) and/or containers that
contain item(s).

[0034] Tn some implementations, the UAV may be configured to reduce
acrodynamic resistance. For example, an acrodynamic housing may be included on the
UAYV that encloses the UAV control system 210, one or more of the rigid members 205,
the frame 204 and/or other components of the UAV 200. The housing may be made of
any suitable material(s) such as graphite, carbon fiber, aluminum, titanium, magnesium,
fiberglass, etc. Likewise, in some implementations, the location and/or the shape of the
inventory (e.g., item or container) may be aecrodynamically designed. For example, in
some implementations, the inventory engagement mechanism may be configured such

that when the inventory is engaged it is enclosed within the frame and/or housing of the
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UAYV 200 so that no additional drag is crcated during transport of the inventory by the
UAV 200. In other implementations, the inventory may be shaped to reducce drag and
provide a more aerodynamic design of the UAV and the inventory. For example, if the
inventory is a container and a portion of the container cxtends below the UAV when
engaged, the exposed portion of the container may have a curved shape.

[0035] The propellers 202 and corresponding propeller motors are positioned at
both ends of each rigid member 205. The propeller motors may be any form of motor
capable of generating enough speed with the propellers to lift the UAV 200 and any
engaged inventory thereby enabling aerial transport of the inventory. For example, the
propeller motors may each be a FX-4006-13 740kv multi rotor motor.

[0036] Extending outward from each rigid member is a support arm 206 that is
connected to a safety barrier 208. In this example, the safety barrier is positioned
around and attached to the UAV 200 in such a manner that the motors and

propellers 202 are within the perimeter of the safety barrier 208. The safety barrier
may be plastic, rubber, etc. Likewise, depending on the length of the support arms 206
and/or the length, number or positioning of the rigid members 205, the safety barrier
may be round, oval, or any other shape.

[0037] Mounted to the framc 204 is the UAV control system 210. In this cxamplc,
the UAV control system 210 is mounted in the middle and on top of the frame 204.
The UAV control system 210, as discussed in further detail below with respect to

FIG. 14, controls the operation, routing, navigation, communication and the inventory
engagement mechanism of the UAV 200.

[0038] Likewise, the UAV 200 includes one or more power modules 212. In this
example, the UAV 200 includes two power modules 212 that are removably mounted

to the frame 204. The power module(s) for the UAV may be in the form of battery
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powecr, solar power, gas power, supcr capacitor, fucl ccll, alternative powcer generation
source, or a combination thercof. For example, the power modules 212 may cach be a
6000mAh Lithium Polymer (lipo) battery. The power module(s) 212 are coupled to
and providc power for thc UAV control system 210 and the propeller motors.

[0039]  In some implementations, one or more of the power modules may be
configured such that it can be autonomously removed and/or replaced with another
power module while the UAV is landed. For example, when the UAV lands at a secure
delivery location, relay location and/or materials handling facility, the UAV may
engage with a charging member at the location that will recharge the power module. In
some implementations, a container may include a power module and when the
engagement mechanism of the UAV engages with the container, the power module of
the container may provide power to the UAV. Forexample, when an item is being
delivered to a secure delivery location, the power module included in the container may
be utilized to power the UAV, rather than and/or in addition to the power modules 212
of the UAV 200. When the container is disengaged (e.g., when placed into the secure
delivery location), the power provided by the container is removed and the UAV 200
operates using power from the UAV power module 212.

[0040]  As mentioned above, the UAV 200 also includcs an inventory cngagement
mechanism 214, The inventory engagement mechanism may be configured to engage
and disengage items and/or containers that hold items. In this example, the inventory
engagement mechanism 214 is positioned within a cavity of the frame 204 that is
formed by the intersections of the rigid members 205. In this example, the inventory
engagement mechanism is positioned beneath the UAV control system 210. In
implementations with additional rigid members, the UAV may include additional

inventory engagement mechanisms and/or the inventory engagement mechanism 214
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may bc positioned in a diffcrent cavity within the frame 204. The inventory
cngagement mechanism may be of any size sufficient to sccurcly engage and discngage
containers that contain inventory. In other implementations, the engagement
mcchanism may opcrate as the container, containing the inventory item(s) to be
delivered. The inventory engagement mechanism communicates with (via wired or
wireless communication) and is controlled by the UAV control system 210,

[0041] While the implementations of the UAV discussed herein utilize propellers to
achieve and maintain flight, in other implementations, the UAV may be configured in
other manners. For example, the UAV may include fixed wings and/or a combination
of both propellers and fixed wings. For example, the UAV may utilize one or more
propellers to enable takeoff and landing and a fixed wing configuration or a
combination wing and propeller configuration to sustain flight while the UAV is
airborne.

[0042]  FIGs. 3A-3G illustrate side views of various example configurations of the
inventory engagement mechanism 214, illustrated in FIG. 2. Each inventory
engagement mechanism is configured to define a cavity into which inventory and/or a
container containing inventory may be positioned for the secure transport by a UAV.
The cavity includes a top cdge and side cdges. In the cxamplcs illustrated in F1Gs. 3A-
3F, the cavity includes a top edge and four side edges. Two of the side edges are not
shown so that the position, arrangement and operation of the other two side edges can
be illustrated. In some implementations, the cavity may include fewer or additional
edges.

[0043] Turning first to FIG. 3A, the inventory 302 is positioned within the
inventory engagement mechanism 314 and held in position with angled support

arms 316A and 316B. While the examples discussed with respect to FIGs. 3A -3D
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rcfer to inventory, in other implementations, the inventory cngagement mcechanisms
discussed with respeet to FIGs. 3A — 3D operatc in a similar manner with containers.
[0044] In the example of FIG. 3A, both angled support arms are configured to pivot
around pivot points 318A and 318B, respectively. The pivoting of the angled support
arms are controlled by one or more motors 320, such as a servo motor. The motors 320
may likewise be controlled to open and close the angled support arms by the UAV
control system 210. When the angled support arms 316A and 316B are in a closed
position, the inventory 302 is securely held in the inventory engagement

mechanism 314 and can be aerially transported by the UAV 200. When the angled
support arms are in an open position, the inventory 302 is released from the inventory
engagement mechanism and exits the inventory engagement mechanism under
gravitational force.

[0045] When the UAV 200 is retrieving inventory, it may position the inventory
engagement mechanism 314 over the inventory, open the angled support

arms 316A, 316B and lower itself, and thus the inventory engagement mechanism 314
down and around the inventory 302. As it reaches the inventory 302, the UAV control
system 210 may instruct the motor(s) 320 to begin closing the angled support

arms 316A, 316B and continuc to align the inventory cngagement mechanism 314
around the inventory 302 so that as the angled support arms 316A, 316B close, the
leading edge of each angled support arm will move underneath the inventory thereby
securely enclosing the inventory 302 in the inventory engagement mechanism 314.
[0046] Likewise, when the UAV 200 is disengaging inventory (e.g., as part of
inventory delivery), it may position itself and thus the inventory engagement
mechanism 314 over a delivery location (e.g., flat surface, ground, table, chair,

balcony) and the UAV control system 210 may instruct the motor(s) 320 to begin
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opcning the angled support arms 316A, 316B. As the angled support arms open or
move away from the inventory, gravity will extract the inventory 302 from the
inventory engagement mechanism 314 and the inventory 302 will come to rest on the
flat surfacc. When the inventory has been disengaged, the UAV 200 may reposition or
close the angled support arms 316A, 316B and navigate away from the area.

[0047] FIG. 3B illustrates another side view of an example configuration of an
inventory engagement mechanism 330 that may be coupled to the UAV 200 and used
to engage and disengage inventory 302 to enable transport and delivery of the
inventory 302. In this example, the inventory engagement mechanism 330 includes a
cavity with two angled support arms 336A, 336B. However, in comparison to FIG. 3A,
only one of the angled support arms 336B is configured to pivot about a point 338B.
Similar to FIG. 3A, the pivot may be controlled by a motor 320, such ag a servo motor.
Likewise, the servo motor may be controlled by the UAV control system 210.

[0048] In the FIG. 3B example, the inventory is securely held in the inventory
engagement mechanism 330 when the angled support arm 336B is in a closed position
and will exit the inventory engagement mechanism when the angled support arm 336B
is in an open position (positioned away from inventory 302).

[0049] FIG. 3C illustratcs another sidc view of an cxamplc configuration of an
inventory engagement mechanism 340 that may be coupled to the UAV 200 and used
to engage and disengage inventory 302 to enable transport and delivery of the
inventory 302. In this example, the inventory engagement mechanism 340 includes
two angled support arms 346A, 346B. However, in comparison to FIG. 3A, rather than
the entire angled support arm pivoting, only the bottom protruding

edges/surfaces 349A, 349B pivot about pivot points 348A, 348B, respectively. Similar

to FIG. 3A, the pivot of each bottom protruding edge 349A, 349B may be controlled by
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a motor 320, such as a scrvo motor. Likcwise, the scrvo motor may be controlled by
the UAV control system 210.

[0050] In the FIG. 3C example, the inventory is securely held in the inventory
cngagement mechanism 340 when the bottom protruding cdges 349A, 349B of cach
angled support arm are in a closed position. Likewise, the inventory 302 will exit the
inventory engagement mechanism 340 when one or both of the bottom protruding
edges 349A, 349B are in an open position.

[0051] FIG. 3D illustrates another side view of an example configuration of an
inventory engagement mechanism 350 that may be coupled to the UAV 200 and used
to engage and disengage inventory 302 to enable transport and delivery of the
inventory 302. In this example, the inventory engagement mechanism 350 includes
two angled support arms 356A, 356B, each of which have bottom protruding
edges/surfaces 359A, 359B. In comparison to FIG. 3C, only one of the bottom
protruding edges, in this example bottom protruding edge 359B, is configured to pivot
about apoint 358B. Similar to FIG. 3A, the pivot may be controlled by a motor 320,
such as a servo motor. Likewise, the servo motor may be controlled by the UAV
control system 210.

[0052] In the FIG. 3D cxamplc, the inventory is sccurcly held in the inventory
engagement mechanism 350 when the bottom protruding edge 359B is in a closed
position and will exit the inventory engagement mechanism when the bottom
protruding edge 359B is in an open position.

[0053] In FIG. 3E, the inventory 302 is enclosed in a container 361 that is
removably connected to the inventory engagement mechanism 360. The container 361
is connected with the inventory engagement mechanism through a series of members

(e.g., pins) 362 or gears that are configured to engage and/or disengage the container.
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The positioning of the members 362 or gears arc controlled by onc or morce motors 320,
such as a scrvo motor. Alternatively, the members 362 or gears may be
electromechanically controlled. For example, when there is no power and thus no
magnctic chargc, springs may causc thc members 362 to move to an cxtended position,
thereby securing the container in the inventory engagement mechanism. Likewise,
when no power is applied, the gears may be locked into place so that the container is
secured into the inventory engagement mechanism, as discussed below. Conversely,
when power is applied, the resulting magnetic charge will cause the members to retract
into the inventory engagement mechanism, thereby releasing a previously secured
container from the inventory engagement mechanism. Likewise, gears may be
configured to freely rotate when power is applied, thereby releasing the container from
the inventory engagement mechanism.

[0054] The motors 320 may likewise be controlled to extend or retract the
members 362 or rotate the gears, by the UAV control system 210. When the inventory
engagement mechanism is positioned around the container 361 and the members 362
are in an extended position, the members securely hold the container, and thus the
inventory 302, in the inventory engagement mechanism. In this example, the container
has an cxtended ridge 364 that fits within the cavity of the inventory cngagement
mechanism 360. When the container is positioned within the cavity of the inventory
engagement mechanism 360 and the members are in an extended position, the members
are positioned under the ridge 364 thereby securing the container in the inventory
engagement mechanism 360. When the members 362 are retracted, the container 361 is
released from the inventory engagement mechanism and exits the inventory
engagement mechanism 360 under gravitational force. Likewise, rather than members,

gears with extended teeth may rotate within the cavity of the inventory engagement
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mechanism and cngage slots in the sides of the containcer 361. When the container is
positioned within the cavity of the inventory cngagement mechanism 360, the gears
may rotate and the teeth of the gears engage with slots in the side of the container 361,
thereby sccuring the container in the inventory cngagement mechanism 360. When the
gears are rotated in an opposite direction, the container 361 is expelled from the cavity
of the inventory engagement mechanism 360 and released.

[0055] When the UAV 200 is engaging a container 361, it may position the
inventory engagement mechanism 360 over the container 361 and lower itself, and thus
the inventory engagement mechanism 360 down and around the container 361. When
the ridge 364 of the container 361 is within the cavity of the inventory engagement
mechanism 360, the UAV control system 210 may instruct the motor(s) 320 to begin
extending the members 362 such that the members become positioned beneath the
extended ridge 364 of the container, thereby securing the container 361 in the inventory
engagement mechanism 360. In implementations utilizing gears, the gears may be
allowed to rotate freely as the UAV descends onto the container 361. When the
container is inside the inventory engagement mechanism and the gears have rotated into
the slots on the sides of the container 361, the gears may be locked into place, or
prohibitcd from rotating in an oppositc dircction, thereby sccuring the container 361 in
the cavity of the inventory engagement mechanism 360.

[0056] Likewise, when the UAV 200 is disengaging a container (e.g., as part of a
delivery), it may position itself and thus the inventory over a surface (e.g., ground,
table, chair, balcony) and the UAV control system 210 may instruct the motor(s) 320 to
begin retracting the members 362 or rotating the gears in an opposite direction. When
the members retract, gravity will extract the container 361 from the inventory

engagement mechanism 360 such that the container 361 will come to rest on the flat
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surfacc. Likcewise, when the gears rotatc in the opposite direction, the container will be
released from the inventory engagement mechanism and come to rest on the surface.
When the container 361 has been disengaged, the UAV 200 may navigate away from
the arca.

[0057]  FIG. 3F illustrates another side view of an example configuration of an
inventory engagement mechanism 370 that may be coupled to the UAV 200 and used
to engage and disengage a container 371 that holds inventory 302, thereby enabling
transport and delivery of the inventory 302. In this example, the inventory engagement
mechanism 370 includes a series of members 372 that are configured to extend or
retract, for example through the use of electromagnetics as discussed above.
Alternatively, or in addition thereto, the inventory engagement mechanism may utilize
gears that rotate within the inventory engagement mechanism.

[0058] Similar to FIG. 3E, when the members are extended and/or the gears rotated,
they engage and secure a container 371 within the inventory engagement

mechanism 370. When the members 372 are retracted or the gears rotated in an
opposite direction, the container is released from the inventory engagement

mechanism 370. However, in comparison to the container 361 illustrated in FIG. 3E,
the container 371 of FIG. 3F may not have an cxtended ridge 364 undcer which the
members position. Instead, the container 371 may have one or more openings, holes or
slots into which the members 372 and/or gears of the inventory engagement mechanism
may mate with the container, thereby securing the container into the inventory
engagement mechanism. Similar to FIG. 3E, the extending and retracting of the
members and/or rotation of the gears may be controlled by a motor 320, such as a servo

motor. Likewise, the motor 320 may be controlled by the UAV control system 210.
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[0059] In the FIG. 3F cxamplc, the container 371 is sccurcly held in the inventory
cngagement mechanism 370 when the members 372 are extended and will exit the
inventory engagement mechanism when the members 372 are retracted. Likewise,
when using gears, the container 371 is sccurcly held in the inventory cngagement
mechanism 370 when the gears are rotated and mate with the slots of the container 371
and will exit the inventory engagement mechanism when the gears are rotated in an
opposite direction and disengage with the slots of the container 371.

[0060] FIG. 3G illustrates yet another view of the inventory engagement
mechanism 380 configured to engage and/or disengage a container 381 or other
inventory, according to an implementation. In this example, the inventory engagement
mechanism 380 may include one or more conical or other shaped extrusions 383 that
extend from the inventory engagement mechanism 380 toward the container 381.
Likewise, the container 381 may include one or more conical or other correspondingly
shaped indentations 384 into which the inventory engagement mechanism 380
extrusions 383 mate. As illustrated in FIG. 3G, the inventory engagement mechanism
380 includes two conical shaped extrusions 383 that extend downward toward the
container 381. Tn other implementations, more or fewer extrusions 383 may be used.
Likewise, the container 381 includces corresponding conical indentations 384 into which
the extrusions 383 of the inventory engagement mechanism 380 may mate when the
UAYV 200 is positioned over and onto the container 381.

[0061] While the example illustrated in FIG. 3G depicts the extrusions 383
extending downward and into a top of the container 381, in other implementations, the
extrusions 383 may have other orientations. For example, one or more extrusions may
be oriented at approximately ninety degrees and configured to extend into a side of an

indentation located on a side of the container 381. In one implementation, there are two
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cxtrusions oricnted to cxtend into opposing sides of the container 381, In such an
implementation, the extrusions may be horizontally adjustable with respect to onc
another to enable engagement and disengagement of the container. For example, the
cxtrusions may be adjustcd to an open or cxtended position that is widcer than the
container. When the UAV is positioned over the container with the extrusions on either
side of the container, the extrusions may be horizontally moved to a closed or retracted
position in which each extrusion mates with a respective indentation on the

container 381, thereby engaging the container for transport.

[0062] The shape of the extrusions and corresponding indentations provide
assistance in the alignment between the UAV 200 and the container 381 and the
ultimate engagement of the container 381 by the inventory engagement mechanism 383
of the UAV 200. Forexample, as long as the points 385 of the extrusions 383 pass into
the openings of the indentations 384 of the container 381, the corresponding shapes will
help align the UAV 200 as it continues to lower over the container.

[0063] Likewise, in some implementations, the extrusions 383 may include one or
more members 382 (e.g., pins) that may be used to secure the container to the inventory
engagement mechanism 380 when engaged. As discussed above, the members 382
may bc controlled by a motor (not shown), such as a scrvo motor. In another
implementation, the members 382 may be electromagnetically controlled. For
example, springs may cause the members 382 to extend out of the extrusions 383 when
there is no electromagnetic charge. When a charge is applied, the electromagnet may
cause the members 382 to retract into the extrusions 383.

[0064] The container 381 may include one or more rings, recesses, openings, or
other forms of slots 386 within the indentations 384 into which the members 382 may

extend to secure the container to the inventory engagement mechanism 380. For
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cxample, thc members 382 of the inventory engagement mechanism 380 may be
rotracted whilc the UAV is landing on the container 381. When the inventory
engagement mechanism 380 has fully mated with the container 381, the members 382
may be relcascd such that they cxtend into the slots 386 and sccurc the container 381 to
the inventory engagement mechanism 380. In some implementations, the ends of the
members 382 may be angled so that as the conical shaped extrusions 383 of the
inventory engagement mechanism 380 mate with the indentations of the angle, the
indentation will push the members 382 into the retracted position until they reach the
slots 386 within the indentations and release, thereby securing the container 381.
[0065] While the example discussed above illustrates conical extrusions 383 and
corresponding indentations 384 that are pointed, in other implementations, other shapes
and/or sizes of extrusions and/or indentations may be utilized. For example, the
extrusions and indentations may be curved rather than pointed. Likewise, rather than
having the members 382 as part of the extrusions 383, in other implementations, the
members may be included in the indentations 384 and the corresponding slots may be
included in the extrusions 383.

[0066] The examples discussed above with respect to FIGs. 3A-3G are merely
illustrative and it will be appreciated that the inventory cngagement mechanism may be
configured in many different forms. A feature of any inventory engagement
mechanism configuration is the ability to securely engage and disengage inventory
and/or containers so that the inventory and/or container can be acrially transported by a
UAYV 200 and delivered to a delivery location. For example, in addition to or as an
alternative to utilizing pivoting angled support arms, members and/or gears, in some
implementations, the angled support arms may be configured to move in a horizontal

direction such that the size of the cavity formed to contain the inventory 302 or
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container can be adjusted to account for the size of the inventory and/or container to be
cngaged, transported and disengaged. As another example, in some implementations,
the inventory engagement mechanism may include a positioning arm and/or cable that
may bc uscd to position, raisc and/or lower inventory. In some implementations, the
positioning arm or cable may operate as the inventory engagement mechanism. In
other implementations, the positioning arm or cable may operate as part of an inventory
engagement mechanism. In one implementation, a positioning cable may be included
that removably attaches to the inventory and can be used to engage the inventory and
raise the inventor up to a location of the UAV. Likewise, when the inventory is being
disengaged at a delivery location, rather than having to land the UAV, the positioning
cable may be extended so that the inventory is lowered to the landing area. When the
inventory has reached the landing area, the positioning cable may be detached from the
inventory and retracted back into the UAV.

[0067] FIG. 4 depicts a block diagram of a secure delivery location 400, in one
implementation. The secure delivery location 400 may include one or more control
stations 401 and one or more storage compartment modules 403, 405, 407, 409. The
control station 401 acts as the central control point for the secure delivery location 400,
providing powcr, computing rcsources, uscr input and nctwork access to the sccure
delivery location 400. For example, control station 401 may include an internal
computing system (not shown), or other computing system, that is capable of
maintaining state information for cach storage compartment at the secure delivery
location 400 and providing other computing functions. For example, the internal
computing system may include a command component that maintains information as to
which storage compartments of the secure delivery location 400 are empty, which

storage compartments include inventory items and/or containers that contain inventory
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itcms, the access codc(s) or other identificr(s) nccessary to open cach of the storage
compartments and any other information nccessary to maintain the sccurc delivery
location. The command component may also issue commands or instructions to the
storage compartment modulcs to lock/unlock storage compartments, active and/or
deactivate sensors, and the like.

[0068] The secure delivery location 400 may be configured to obtain and/or provide
information to a remote computing resource, such as the UAV management system
(FIG. 5), UAVs, materials handling facilities, relay locations, or may be configured to
operate primarily as a stand-alone unit, with limited external communication.

[0069] In communicating with UAVSs, the control station 401 may be configured to
identify when a UAV is arriving, determine a storage compartment module 403, 405,
407, 400 into which the UAV is to place a container 480, open the storage compartment
module to allow placement of the container 480 by a UAV and/or take control of the
UAV to assist in landing the UAV at the secure delivery location 400. For example, as
a UAV approaches the secure delivery location 400, the control station 401 may
identify the UAV and determine that the UAV is to disengage a container 480 into the
storage compartment module 403. The top doors 403(A) and 403(B) of the storage
compartment modulc 403 may be opencd by the control system 401 and onc or morc
cameras 406, and/or other input components, activated to monitor the position of the
UAYV 200 (not shown). The cameras 406 may be positioned inside the storage
compartment modules and only visible externally when the top doors are opened, may
be positioned on another exterior surface of the secure delivery location 400 and/or may
be positioned remote from the secure delivery location 400 and in communication (e.g.,

wired and/or wireless) with the control station 401.

23



CA 02927096 2016-04-11

WO 2015/061008 PCT/US2014/058497

[0070] As the UAYV approaches, the control station 401 may opcratc as a remote
cntity controller and request control of the UAV so that it can control the landing of the
UAYV and/or disengagement of the container 480 into the opening of the storage
compartment module 403. As discusscd below with respect to FIG. 13, upon taking
control of the UAV, the control station 401 may monitor the position of the UAV by
processing images of the UAV captured by the one or more cameras 406 and provide
navigation instructions to the UAV that will cause the UAV to descend over the
opening in the storage compartment module 403 and insert the container 480 into the
opening of the storage compartment module 403. In some implementations, a series of
instructions may be provided to the UAV by the remote entity controller to enable
positioning of the UAV over the storage compartment module 403. For example, the
remote entity controller may capture one or more images of the UAV, determine and
provide instructions to the UAV and the UAV may execute the instructions. During
and after execution of the instructions, the remote entity controller may continue to
monitor the UAV and provide additional instructions to the UAV. This process may
continue until the UAV has landed or reached a determined height above the landing
area.

[0071] In some implementations, the sides of the container 480 include slots 481
that are configured to mate with the gears of the inventory engagement mechanism of
the UAV (discussed above) as well as mate with gears 408 within the storage
compartment module 403. As the container is lowered by the UAV into the opening of
the storage compartment module 403, the gears 408 within the storage compartment
module 403 may rotate such that the teeth of the gears mate with the slots 481 of the

container 480, thereby securing the container 480 in the storage compartment module
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403. Oncc the container 480 is sccurcd by the storage compartment module 403, the
control station 401 may instruct thec UAV to discngage the containcr 480.

[0072] In other implementations, rather than having the UAV lower the container
into the storage compartment module 403, in some implementations, when the top
doors of the storage compartment module 403 open, a shelf (not shown) or other
support platform may be extended out of and above the opening of the storage
compartment module 403. In such an implementation, the UAV may place the
container 480 onto the shelf and disengage from the container 480. Once the UAV has
disengaged from the container 480, the shelf and container 480 may be lowered back
into the storage compartment module 403 and secured.

[0073] In some implementations, the gears 408 of the storage compartment module
403 may be configured to provide electrical connectivity to the container 481 and/or
through the container to the UAV. As noted above, the container 480 may include a
power module 482 and the gears 408 may be configured so that when the container 480
is engaged, the connection between the gears 408 and the container 480 can be used to
provide power to and recharge the power module 482. Likewise, gears may also be
configured to provide electrical connection to the UAV to recharge the power module
212 of thc UAV 200.

[0074] Once the UAV 200 has disengaged the container 480 and separated, the
control system 401 may coordinate the placement of the container within the secure
delivery location 400, provide a notification to the inventory management system that
the item has been delivered and/or notify the customer that the item has been delivered
to the secure delivery location 400 and is available for retrieval. For example, the
gears 408 may be used to move the container 48() within the secure delivery

location 400 and position the container 480 in one of the storage compartments 433.

25



CA 02927096 2016-04-11

WO 2015/061008 PCT/US2014/058497

The containcr may be configured such that it is the same sizc as a storage
compartment 433 and such that the front side 410 of the container 480 will open when
the user is provided access to the storage compartment 433.

[0075] The control station 401 may also includc a uscr interface 411. The user
interface 411 is configured to receive and provide information to one or more users of
the secure delivery location 400 and may include, but is not limited to, a display 413,
such as a touch-screen display, a scanner 415, a keypad 417, a biometric scanner 419,
an audio transducer 421, one or more speakers 423, one or more image capture
devices 425, such as a video camera, and any other types of input or output devices that
may support interaction between the secure delivery location 400 and one or more
users. For example, the user interface 411 may also include a credit card reader, the
ability to accept money (such as cash or coins) and/or the ability to vend items (e.g.,
labels, envelopes, shipping packages) using a vending slot 426. Providing the ability
for the secure delivery location 400 to accept credit cards and/or money enables the
delivery of items to a storage compartment at the secure delivery location 400 for
which the items are paid for at the time of pickup (e.g., cash on delivery). Likewise,
enabling vending of items, such as labels or envelopes, supports the ability for users to
utilize a sccurc delivery location to ship or dcliver goods. In some implementations,
items that are frequenily purchased (often referred to as high velocity items) may be
delivered to and stored in the secure delivery location prior to anyone ordering the item.
When the item is ordered, it may be made available to the user for retrieval from the
secure delivery location and/or the secure delivery location 400 may act as a source
location, providing a container that includes the ordered item to a UAV that retrieves
the container from the secure delivery location and provides it to another user selected

delivery location.
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[0076] The control station 401 may also includc a connector componcnt configurcd
to provide wired and/or wircless network conncctivity with the other storage
compartment modules 403, 405, 407, 409, as well as to remote computing devices
(F1G. 5), materials handling facilitics and/or UAVs. Wircless connectivity may be
implemented using a wireless antenna 431, which may provide both receive and
transmit functionality. Power and/or network communication with remote computing
devices may be obtained from a main access point 432. In addition, in some
implementations, the control station 401 may include one or more storage
compartments 435, 437, 439. In comparison to the storage compartments 435, 437, 439
of the storage compartment modules, these storage compartments may store UAVs
and/or parts, such as batteries, propellers, jets, etc., for use in servicing a UAV.
Likewise, in some implementations, other storage compartment modules, such as
storage compartment module 409 may not be configured to autonomously receive
containers from UAVs. Instead, these storage compartment modules may operate in a
more traditional manner providing storage for items, inventory, parts, UAVs, etc. For
example, storage compartment 467 may include a number of shelves, each of which are
configured to store a UAV that can be deployed by the control station 401 and/or by the
UAV management system 526 (FIG. 5). In somc implementations, the storage
compartment 467 may be configured to provide a charge to the UAVs so that when
deployed the UAVs will be fully powered for flight. When deploying a stored UAV,
the control station 401 may provide instructions to open the door of the storage
compartment 467 so that UAVs can disengage and fly out of the storage compartment.
In such an implementation, access to the storage compartment and/or the door of the
storage compartment may be oriented away from any area in which a human may

interact with the secure delivery location 400.
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[0077] A storcd UAV, when deployed, may beuscd to cxpand the capacity of the
UAV nctwork and used to retricve an item from a source location and deliver it to a
destination location. Alternatively, a UAV may be deployed to replace another UAV
that nceds to be removed from scrvice (c.g., to recharge and/or for repairs). In still
other implementations, a UAV may only be temporarily deployed to assist in
reconfiguring the placement of containers within a storage compartment module 403,
405, 407, 409 of the secure delivery location 400. For example, if the containers need
to be repositioned such that empty containers can be retrieved and returned to the
materials handling facility, a UAV 200 may be deployed to retrieve containers from the
opening of the top of the storage compartment module, and reposition the containers
within the secure delivery location 400.

[0078] The control station 401 may also include one or more connector
components to which a storage compartment module, such as storage compartment
module 405 or storage compartment module 407 may connect with the control

station 401. For example, a connector component may provide power to storage
compartment module 405 and another connector component may provide
communication with storage compartment module 405. Likewise, the storage
compartment modules may also include one or more conncctor components to provide
power and connectivity to additional storage compartment modules.

[0079] Each storage compartment module, such as storage compartment

modules 403, 405, 407, 409, may be configured so the secure delivery location 400 is
modular, such that one or more storage compartment modules can be easily removed or
added to the control station 401 of the secure delivery location 400. The ability to add
or remave storage compartment modules at a secure delivery location 400 supports the

ability to easily and quickly expand or remove capacity so that the demand for that
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sccurc delivery location can be satisficd. For cxamplc, during the holiday scason,
additional storage compartment modules may need to be added to the sccure delivery
location 400 to support the increased demand of items ordered by users. As storage
compartment modulcs 403, 405, 407, 409 arc added or removed from a sccurc delivery
location 400, the control station 401 informs the UAV management system 526 of the
added or removed capacity.

[0080] Each storage compartment module 403, 405, 407, 409 includes one or more
storage compartments, one or more receptor components for connecting with connector
components of a control station 401 (or another storage compartment module) and one
or more connector components for allowing other storage compartment modules to
connect thereto, thereby providing power and/or connectivity with the control

station 401. The storage compartments of each storage compartment module may be of
varying sizes and number. As shown, different storage compartment modules may be
configured to receive and provide access to different sizes of containers. For example,
storage compartment module 403 may be configured such that the storage
compartments 433 are large enough to receive containers the size of container 480. In
comparison, the storage compartment module 407 may have smaller storage
compartments 449 that arc configurced to reccive smaller containers. As such, storage
compartment modules with different storage compartment sizes can be added to a
secure delivery location 400 to optimize the storage compartment configuration to
match that of the sizes of containers typically scheduled for acrial delivery to the secure
delivery location.

[0081] In addition to including storage compartments, power and connectivity
points, the storage compartment modules 403, 405, 407, 409 may also include one or

more wireless antennas and/or one or more general computing systems, or a simpler
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computing system such as a printcd circuit board, RFID tag, or anything clsc that may
be detectable by the control station 401 and uscd to identify the storage compartment
module. The computing component(s) of each storage compartment module may
includc a uniquc identificr of the storage compartment module and configuration
information of the storage compartment module, which includes dimension information
and location information of each storage compartment of the storage compartment
module. The computing component may also include a storage compartment
management component configured to control movement of containers between the
storage compartments and/or to control the actuators that enable locking and unlocking
of the storage compartment doors of the storage compartment

module 403, 405, 407, 409 in response to receiving commands or instructions from a
command component of the control station 401.

[0082] A storage compartment module, such as storage compartment module 407,
when added to a control station 401 and power is applied, provides information to the
control station 401 identifying the storage compartment module 407, the number,
location, and dimensions of each storage compartment of the storage compartment
module and any other configuration or information necessary to enable the control
station 401 to control the storagc compartment module 407. It will be apprcciated that
any number, size and configuration of storage compartments of a storage compartment
module may be utilized with the various implementations described herein.

[0083] In an alternative implementation, rather than providing all of the information
from the storage compartment module to the control station 401, the storage
compartment module 407 may only provide limited information, such as an identifier,
to the control station 401. The control station 401, upon receiving the limited

information from an added storage compartment module 407, may make a request to a
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rcmotc computing system, such as the UAV management system, and obtain
information about the configuration, number and sizes of the storage compartments of
the added storage compartment module 407.

[0084] The control station 401, upon rcceiving identifying information of an added
storage compartment module 407, may allocate the added capacity to the secure
delivery location 400. In various implementations, the added storage compartment
module may act as a slave component for the control station, receiving instructions
(e.g., open storage compartment, open top doors of storage compartment module, move
containers between storage compartments, close storage compartment, activate image
capture device, monitor motion sensor) from the command component of the control
station 401 and providing responses (e.g., closed-door, closed, open-door,
object/movement detected, container moved) to the control station 401 via the storage
compartment management component.

[0085] Each storage compartment of a storage compartment module 403, 405, 407,
409 or control station 401 includes upper, bottom, side and rear surfaces and at least
one door configured to form a cavity in which items and/or containers may be
positioned. For example, the upper surface and bottom surface of the storage
compartment may bc open so that a container may pass through the storage
compartment. Likewise, gears 408 may be on the side surfaces to control the
movement of containers 480 into and out of the storage compartment, secure the
container in the storage compartment and/or charge a power module 482 included in the
container 480. In some implementations, the storage compartments and/or the storage
compartment module may be configured such that containers can be moved
horizontally (side-to-side or front-to-back) so that other containers can move vertically

within the storage compartment module. For example, in some implementations,
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containcrs may be received on the left side of a storage compartment modulc, be
positioncd within a storage compartment of the storage compartment module until the
contained item is removed and then moved horizontally to the right side (or back) of the
storagc compartment module until the cmpty container is retricved by a UAV, or
another entity, and removed from the secure delivery location.

[0086] In addition, each storage compartment may include various security or other
components. For example, looking at the expanded view of storage compartment 457,
disposed within the cavity the storage compartment may include a locking

mechanism 469, which may be controlled remotely by the command component of the
control station 401 via the storage compartment management component. The locking
component may be configured to secure the door 475 in a closed position. Likewise,
the locking component may be configured to engage with the side 410 of the

container 481 such that when the door 475 of the storage compartment 457 opens the
side 410 of the container 480 also opens. The locking mechanism 469 may be
controlled by the control station 401, either through wired or wireless communication
with the storage compartment management component, to effect locking and unlocking
of the door 475 of the storage compartment 457 and/or the container 480. For example,
when auscr intcracts with the control station 401 via the display 413 and provides an
access code or other identifier, the control station 401 may identify a specific storage
compartment associated with the access code or other identifier and the command
component may wirelessly send instructions to the storage compartment management
component of the storage compartment module 407 to unlock a storage

compartment 457. The instructions may include a command (e.g., unlock), an address
or identifier of the specific storage compartment and any other information necessary

for communication between the control station 401 and the storage compartment
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module 407. In rcsponsc to rcceiving the instructions from the command component,
the storage compartment management componcent of the storage compartment

module 407 may activate a locking mechanism that moves the members of the locking
mechanism 469 on the door 475 of the identificd storage compartment 457 such that the
members retract, thereby disengaging the lock of the storage compartment 457 allowing
the door 475 to open. In some implementations, the storage compartment 457 may also
include an interior latch and spring mechanism (not shown) such that when the locking
mechanism 469 of the storage compartment 457 is disengaged the latch engages the
side 410 of the container and the spring mechanism propels the door 475 of the storage
compartment 457 and the side 410 of the container outward, thereby identifying to a
user that the door 475 is unlocked and the storage compartment 457 is accessible.
[0087] While the locking mechanism described above utilizes retractable members
and a latch, any mechanical, magnetic, electrical or other form of locking mechanism
may be utilized with the various implementations described herein. In addition, the
storage compartment 457 may also include magnets to help retrieve a door when it is
not all the way closed. Also, the locking mechanism of different storage compartments
and different storage compartment modules may be the same or different.

[0088] As containers arc cmpticd by uscrs retricving delivered items, the control
system 401 may reposition the containers so that containers with items are at a level
easily accessible by users, while empty containers are higher in the storage
compartment to facilitate retrieval and return of empty containers to the materials
handling facility. For example, empty containers may be moved horizontally (side-to-
side and/or front-to-back) within the storage compartment module so that other

containers can be positioned within the storage compartment module.
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[0089] Somc storagce compartments, such as any of the storage compartments
and/or containers 480, may be refrigerated. In various implementations, such
refrigerated storage compartments and/or containers may include their own cooling
mechanisms or may rely on those of ncighboring refrigerated storage compartments to
which they are environmentally coupled, or alternatively each of the

modules 401, 403, 405, 407, 409 or the entire secure delivery location 400 may have a
centralized cooling system. The temperature of previously non-refrigerated storage
compartments may be adjusted to become refrigerated storage compartments and vice-
versa. The temperature in each of the refrigerated storage compartments and/or
containers may be separately adjustable, such that items inside each of the refrigerated
storage compartments and/or containers may be cooled to a desired temperature. For
example, when a container positioned at one of the storage compartments is to be
refrigerated, its temperature may be controlled by the control system 401. For example,
the control system may provide cooling around the container thereby cooling the
interior of the container. Alternatively, an access point may be available in the
container to allow airflow into and/or out of the container to assist in cooling the
container. Tn still another example, the container itself may have cooling capabilities
and draw powcr from the container’s power modulc to operate the cooling of the
container. As noted above, the power module of the container may be charged by the
secure storage location while the container is within the secure storage location 400.
[0090] In another example, the secure delivery location 400 may also include a
storage compartment module configured as a drop-box (not shown). Rather than
utilizing specific storage compartments of the secure delivery location 400 to store
returned items and/or items for delivery, a storage compartment module configured as a

drop-box may be utilized to securely store such items. For example, a drop-box may be
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configurcd with a pivoting door, lid or tray that allows itcms to be placed in the drop-
box but not retricved without having additional access to the drop-box. For cxamplc, a
pivoting lid may be configured on the storage compartment so that a UAV can position
itsclf over the storage compartment and discngage inventory and/or a containcr. The
disengaged inventory and/or container will pass through the pivoting lid and into the
drop-box. When a user arrives at the storage compartment, they may provide a
personal identification number (PIN) or other identifier to gain access to the drop-box
and retrieve the item.

[0091] The storage compartment modules 403, 405, 407, 409 as well as the control
station 401 may also include self-leveling feet 479 that may be used to level the storage
compartment modules 403, 405, 407, 409 and/or control station 401 when located on
un-level surfaces. In addition, the self-leveling feet 479 may also be adjusted so that a
storage compartment module, such as storage compartment module 405, 407, can be
positioned so it is flush and aligned with a control station 401 or another storage
compartment module. As an alternative to self-leveling feet 479, any other type of
support mechanism may be utilized with various implementations described herein for
supporting the control station 401 or any storage compartment module 403, 405, 407,
409. Also, the control station 401 and onc or morc of the storage compartment
modules 403, 405, 407, 409 may utilize different types of support mechanisms. For
example, the control station 401 may utilize self-leveling feet while the storage
compartment modules 403, 405, 407, 409 may utilize rolling casters or wheels. The
casters/wheels may further enable the ease with which storage compartment modules
may be added or removed from a control station 401, thereby allowing the easy

addition/removal of capacity at the secure delivery location 400.
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[0092] In somc implementations, the sccurce delivery location may be of a size to
prevent interfoerence between UAVs and humans. For cxample, a scoure delivery
location may be built so that it is taller than the average human or taller than the reach
of an avcrage human. In onc implementation, the sccurc delivery location may be ten
feet tall. In such an implementation, the storage compartments that are out of the reach
of most humans may be utilized to store empty containers, parts for UAVs (e.g.,
batteries, propellers), computing components, UAVs, etc., and/or for use in
repositioning containers within the secure delivery location.

[0093]  As another example, portions of the secure delivery location that may
receive or provide containers to UAVs or otherwise interact with UAVs may be
separated from areas where humans may interact with the secure delivery location 400.
For example, the secure delivery location 400 may be inside a facility or have a
covering that extends out from a top of the secure delivery location. If the secure
delivery location is inside a facility, the top of the secure delivery location 400 may
extend through a roof of the facility or otherwise have external access that separates the
top of the secure delivery location from humans. Likewise, a covering extending from
the secure delivery location separates areas of the secure delivery location accessed by
humans from arcas in which a UAV may opcratc.

[0094]  While the illustrated examples describe a UAV providing a container into a
top of a secure delivery location 400, in other implementations, the container may be
provided into a rear, side or front of the secure delivery location 400.

[0095] While the example discussed above, describes a secure delivery location that
is capable of receiving multiple containers, in some implementations, the secure
delivery location may be a simplified version that is configured for personal and/or

family use (referred to herein as a personal secure delivery location). For example, a
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personal sccure delivery location may be positioned at a person’s home and include
componcents similar to thosc of the sccure delivery location discusscd above. However,
rather than having multiple storage compartments, it may be configured to only have an
opcning top and/or a reduccd number of storage compartments. Like the sccurc
delivery location discussed above, a personal secure delivery location may include,
among other things, an opening top (to facilitate container delivery) that can be opened
by an included computing system, a camera to monitor an arriving UAV, and an access
panel to control user access to the personal secure delivery location. In such an
implementation, when a UAV arrives at the personal secure delivery location, the
computing system may cause the top door of the personal secure delivery location to
open and guide the landing of the UAV and/or the disengagement of the container or
item into the secure delivery location. The container and/or item may not be engaged
by the personal secure delivery location (e.g., with gears) but may instead just come to
rest inside the cavity of the personal secure delivery location. When disengagement of
the item(s) or the container has been completed, the personal secure delivery location
may cause the top door to close, thereby securing the item, and inform the user and/or
the UAV management system that the item has been delivered. In some
implementations, the personal sccure delivery location may also provide charging to
the UAV.

[0096] FIG. 5 depicts a block diagram of a UAV environment 500 that includes
UAVs 200, secure delivery locations 400, relay locations 502, materials handling
facilities 504 and remote computing resources 510, according to an implementation.
Each of the UAVs 200, secure delivery locations 400, relay locations 502, materials
handling facilities 504 and/or remote computing resources 510 may be configured to

communicate with one another. For example, the UAVs 200 may be configured to
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form a wircless mesh network that utilizes Wi-Fi or another wircless mcans of
communication, cach UAV communicating with othcr UAVs within wircless range. In
other implementations, the UAVs 200, UAV management system 526, materials
handling facilitics 504, rclay locations 502 and/or the sccurc dcelivery locations 400 may
utilize existing wireless networks (e.g., cellular, Wi-Fi, satellite) to facilitate
communication. Likewise, the remote computing resources 510, materials handling
facilities 504, secure delivery locations 400 and/or relay locations 502 may also be
included in the wireless mesh network. In some implementations, one or more of the
remote computing resources 510, materials handling facilities 504, secure delivery
locations 400 and/or relay locations 502 may also communicate with each other via
another network (wired and/or wireless), such as the Internet.

[0097] The remote computing resources 510 may form a portion of a network-
accessible computing platform implemented as a computing infrastructure of
processors, storage, software, data access, and other components that is maintained and
accessible via a network, such as the mesh network and/or another wireless or wired
network (e.g., the Internet). As illustrated, the remote computing resources 510 may
include one or more servers, such as servers 520(1), 520(2), ..., 520(N). These

scrvers 520(1)-(N) may be arranged in any numbcr of ways, such as scrver farms,
stacks, and the like that are commonly used in data centers. Furthermore, the

servers 520(1)-(N) may include one or more processors 522 and memory 524 which
may store a UAV management system 526.

[0098] The UAV management system 526 may be configured, for example, to
communicate with the secure delivery locations 400, UAVs 200, materials handling
facilities 504, and/or relay locations 502. As an example, an access code may be

synchronized between a control station 401 and the remote computing resources 510 so
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that thc access code can be provided to a customer once the item has been delivered and
uscd by the customer to retricve the item.

[0099] When a message is sent to or from a UAV, the message may include an
identificr for the UAV and cach UAV may act as a nodc within the nctwork,
forwarding the message until it is received by the intended UAV. For example, the
UAV management system 526 may send a message to UAV 200-6 by transmitting the
message and the identifier of the intended receiving UAV to one or more of UAVs 200-
1, 200-2, 200-3 that are in wireless communication with the UAV management

system 526. Each receiving UAV will process the identifier to determine if it is the
intended recipient and then forward the message to one or more other UAVs that are in
communication with the UAV. For example, UAV 200-2 may forward the message
and the identification of the intended receiving UAV to UAV 200-1, 200-3 and 200-5.
In such an example, because 200-3 has already received and forwarded the message, it
may discard the message without forwarding it again, thereby reducing load on the
mesh network 500. The other UAVs, upon receiving the message, may determine that
they are not the intended recipients and forward it on to other nodes. This process may
continue until the message reaches the intended recipient.

[0100] In some implementations, if a UAV loscs communication with othcr UAVs
via the wireless mesh network, it may activate another wireless communication path to
regain connection. For example, if a UAV cannot communicate with any other UAVs
via the mesh network 500, it may activate a cellular and/or satellite communication
path to obtain communication information from the UAV management system 526,
materials handling facility 504, relay location 502 and/or a secure delivery

location 400. If the UAV still cannot regain communication and/or if it does not

include an alternative communication component, it may automatically and
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autonomously navigatc toward a dcsignatcd location (¢.g., a ncarby matcrials handling
facility 504, rclay location 502 and/or sccurc delivery location 400).

[0101] The wireless mesh network 500 may be used to provide communication
between UAVSs (c.g., to share weather information, location information, routing
information, landing areas), UAV management system 526, materials handling
facilities 504, secure delivery locations 400 and/or relay locations 502. Likewise, in
some implementations, the wireless mesh network may be used to deliver content to
other computing resources, such as personal computers, electronic book reading
devices, audio players, mobile telephones, tablets, desktops, laptops, etc. For example,
the mesh network may be used to deliver electronic book content to electronic book
reading devices of customers. For example, one or more secure delivery locations 400,
relay locations 502, materials handling facilities 504, the UAV management system
526, and/or UAVs may include a storage medium that contains digital content that may
be provided to other computing devices.

[0102] FIG. 6 depicts a block diagram of a UAV 200 landing at an attended
delivery location, according to an implementation. In this implementation, the remote
entity controller is a portable device 600 of the user. For example, the remote entity
controllcr may be an application cxccuting on a uscr’s portablc device, such as a laptop,
mobile phone, tablet, etc. In general, the portable device 600 may be any portable
device 600 capable of executing a software program, communicating wirelessly with
the UAV 200 (e.g., Wi-Fi, Bluetooth, Near Field Communication (NFC), cellular) and,
in some embodiments, capable of capturing one or more images and/or video of the
UAYV using an image capture device 602, such as a camera.

[0103] In such an implementation, the user may be asked to position their portable

device 600 with the camera facing upward on a surface where they would like to have
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the item dcelivered. For examplc, the uscr may place their phone on a table outside their
housc with the camera facing upward. As thec UAV 200 approaches the delivery
location, for example using GPS data, the remote entity controller sends a request to the
UAV 200 to take control of thc UAV for landing and disecngagement of the inventory
and/or container. The UAV 200 may provide control to the remote entity controller and
receive commands from the remote entity controller. Once control has been established
by the remote entity controller operating on the user’s portable device 600, the input
component 602 may capture one or more images of the UAV 200, determine position,
altitude, speed, etc. of the UAV and provide instructions that are executed by the UAV
to facilitate a safe landing. In some implementations, a series of instructions may be
provided to the UAV by the remote entity controller to enable landing of the UAV. For
example, the remote entity controller may capture one or more images of the UAV,
determine and provide instructions to the UAV and the UAV may execute the
instructions. During and after execution of the instructions, the remote entity controller
may continue to monitor the UAV and provide additional instructions to the UAV.

This process may continue until the UAV has landed or reached a determined height
above the landing area.

[0104] In addition to the images, the UAV may provide information to the remote
entity controller. Forexample, the UAV 200 may provide location, altitude, speed,
weight, etc. to the remote entity controller. Likewise, the UAV 200 may monitor the
surrounding environment to confirm that the landing arca is safe and free of any
humans or other animals. In some implementations, the remote entity controller may
guide the UAV down directly above the device 600 and the inventory may be
disengaged and come to rest on the device 600. In other implementations, the remote

entity controller may navigate the UAV 200 to a safe landing area near the device 600
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so that when the inventory and/or container arc disengaged they come to rest near, but
not on the device 600.

[0105] When the UAV 200 lands, or reaches a determined height over the landing
arca, thc remotce entity controller provides instructions to the UAV to discngage the
inventory and/or the container, or to perform other actions. In alternative
implementations, the remote entity controller, after landing the UAV 200 may return
control to the UAV 200 and the UAV 200 may determine the action(s) to be performed.
[0106]  While the above example describes an attended landing using a portable
computing device 600 of the user, in other implementations, other devices may be used
to assist and/or control the landing of the UAV 200. For example, a camera (e.g., web-
cam) positioned inside the user’s house or another location that is capable of obtaining
images and/or video of the UAV 200 may be utilized.

[0107] In still other implementations, unattended landings may be performed by the
UAYV without assistance from a remote entity controller. For example, if the UAV has
previously landed at a delivery location, the coordinates of the landing area may be
utilized and the UAV may land at the same coordinates. In such an implementation one
or more sensors of the UAV may be utilized to assist in the landing. For example, a
time of flight scnsor, radar, sonar, camera, infrarcd scnsor, or other input component
that is capable of determining the landing area configuration may be used by the UAV
to guide the UAV to a safe landing.

[0108] In still another implementation, the landing and/or takeoff (or other
operations) of the UAV may be manually performed or otherwise assisted by a user at
the location and/or by a user at a remote location. For example, one or more images or
other information obtained by the UAV and/or a remote entity controller (e.g.,

customer’s phone) may be provided to a remote location where a user views the images
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and controls the landing of thc UAV. In onc implecmentation, the imagces and/or other
information arc provided over a wircless network, such as the wircless notwork
discussed above with respect to FIG. 5, using a cellular network, etc., to a human
opcrator that takcs control of thc UAV to perform the landing and/or takcoft of the
UAV (or other operations). Control instructions may be provided from the human
operator over the wireless network to control the UAV.

[0109] In still another example, the landing and/or takeoff (or other operations)
may be semi-autonomous. For example, as a UAV prepares to land and/or takeoff, one
or more images of the area surrounding the UAV or other information may be provided
by the UAV to a user at a remote location and the user may provide an authorization
before the UAV takes off or lands.

[0110] FIG. 7 is a flow diagram illustrating an example process for presenting an
unmanned aerial vehicle delivery option for an item, according to an implementation.
This process, and each process described herein, may be implemented by the
architectures described herein or by other architectures. The process is illustrated as a
collection of blocks in a logical flow. Some of the blocks represent operations that can
be implemented in hardware, software, or a combination thereof. In the context of
softwarc, the blocks represent computer-cxccutable instructions stored on onc or morc
computer readable media that, when executed by one or more processors, perform the
recited operations. Generally, computer-executable instructions include routines,
programs, objects, components, data structures, and the like that perform particular
functions or implement particular abstract data types.

[0111] The computer readable media may include non-transitory computer readable
storage media, which may include hard drives, floppy diskettes, optical disks, CD-

ROMs, DVDs, read-only memories (ROMSs), random access memories (RAMs),
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EPROMs, EEPROMSs, flash memory, magnctic or optical cards, solid-statc memory
devicoes, or other types of storage media suitable for storing clectronic instructions. In
addition, in some implementations the computer readable media may include a
transitory computer rcadable signal (in compressed or uncompressed form). Examples
of computer readable signals, whether modulated using a carrier or not, include, but are
not limited to, signals that a computer system hosting or running a computer program
can be configured to access, including signals downloaded through the Internet or other
networks. Finally, the order in which the operations are described is not intended to be
construed as a limitation, and any number of the described operations can be combined
in any order and/or in parallel to implement the process.

[0112] The example process 700 begins by receiving a request to view and/or order
an item for delivery, as in 702. For example, as discussed above with respect to FIG. 1,
a user may request to view and/or order an item, such as an electronic device. In
response to receiving a request to view and/or order an item for delivery, a delivery
location is determined, as in 704. In some implementations, a delivery location may be
a defined delivery location associated with a user account of a user that is accessing an
e-commerce shopping site. In other implementations, the delivery location may be
determined bascd on the current location of the uscr and/or a device associated with the
user that requested to view and/or order the item. For example, if the user has
identified their portable device as a device that can be used to determine the users
current location, the position (e.g., GPS position) of the portable device may be
determined by requesting that the portable device provide position information. In
another implementation, the location of the device utilized by the user to request to
view and/or order the item may be determined. For example, if the user requested to

view and/or order the item using a device that includes a GPS receiver, the GPS
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coordinates of the device may be included in the request to view and/or order the item.
Likewise, if the device is connccted to a wircless network (c.g., Wi-Fi, ccllular,
satellite) the location of the device may be determined and used as the default location.
For cxamplc, many Wi-Fi nctworks have been mapped and associated with specific
locations. The Wi-Fi network may be identified and the corresponding location
determined. In still another example, the user may identify their location.

[0113] Based on the determined delivery location, a delivery time estimate for
automated aerial delivery is determined, as in 706. An example process for
determining a delivery time estimate for automated aerial delivery is discussed below
with respect to FIG. 8.

[0114]  Upon determining the delivery time estimate, the example process 700
provides one or more delivery options to the user for selection, as in 708. For example,
the user may be presented with an automated aerial delivery option, which could be as
fast as 30 minutes or less, overnight delivery, ground delivery, etc. In response to
providing one or more delivery options, the user may select a delivery option and order
the item for delivery to a designated delivery location, as in 710.

[0115] FIG. 8 is a flow diagram illustrating an example aerial delivery planning
process 800, according to an implementation. The cxample process 800 begins
receiving a source location, a delivery location and item information. As discussed
above, the source location may be the location of the item or items that are to be
retrieved by a UAV for delivery to a delivery location. For example, the source
location may be a materials handling facility, a secure delivery location, a third party
seller, or any other location from which an item may be retrieved for delivery.
Likewise, the delivery location may be any location specified by a user for delivery of

an item(s). Item information may include, among other things, an identification of the
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ordered item(s), the size, shape and/or weight of the ordered item(s), whether the
item(s) is fragilc, hazardous, ctc.

[0116] Based on the provided information, a UAV is selected that will provide
acrial dclivery of the item(s), as in 804. Many factors may be considered in sclecting a
UAYV for item delivery. For example, the size, shape and/or weight of the item(s) may
be considered in determining the size and/or type of UAV that will be used to deliver
the item(s) to the delivery location. Heavier items may require a larger UAV and/or
one with a larger number of propellers and/or power module(s). Likewise, larger items
may require a larger UAV to complete aerial item delivery. In addition to the size,
shape and/or weight of the item, the available UAVs in the area where the item is to be
retrieved and/or delivered may be considered. In other implementations, addition
factors, such as optimizing for the use and/or distribution of the UAVs may be
considered as a factor in selecting an available UAV. Once a UAV in the area where
the item is to be retrieved and or delivered has been selected, a power requirement
estimate for the selected UAV may be determined, as in 806. The power requirement
estimate may be based on, for example, the weight of the UAV, the power consumption
of the UAV, the weight of the item(s) to be delivered, the distance from the UAV to the
sourcc location, the distance from the source location to the destination location, the
weather (higher winds may require additional power requirements), etc.

[0117] Based on the power requirements needed for the UAV to complete aerial
item delivery, a power module is sclected for the UAV, as in 807. For example,
different power modules may be utilized depending on the determined power
requirements needed. For example, smaller, lighter weight power modules that provide
less power and/or power modules that are not fully charged may be utilized for delivers

with lower power requirements (e.g., shorter deliveries and/or delivers of lighter items).
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In comparison, larger and/or multiple power modules may be utilized for deliverics
with higher power requircments (c.g., longer deliverics and/or deliverics of heavier
items).

[0118] In addition to sclecting a power module(s), a determination may bc made as
to whether one or more relay locations are to be included in the route from the source
location to the delivery location, as in 808. A relay location may be included if it is
determined that the power requirement estimate exceeds the power available to the
UAV. For example, a relay location may be added as a way point in the route so that
the UAV can land at the relay location and either recharge or obtain different and/or
additional power modules.

[0119] If it is determined that a relay location is to be included in the route, a relay
location that is near or along the route from the source location to the delivery location
is determined, as in 810. Tn addition to determining the relay location, a determination
is made as to whether a power module that will provide sufficient power to the UAV is
available at the relay location for use by the UAV, as in 812. For example, a relay
location may include additional power modules that can be used to replace extinguished
power modules of the UAV. Tf it is determined that a power module is available at the
rclay location, the power modulc is rescerved for the UAV, as in 814. Howcver, if it is
determined that a power module is not available at the relay location, a recharge time
may be added to the delivery time estimate, as in 816. For example, a time required to
recharge the power module of the UAV to a sufficient level to allow delivery of the
item(s) to the delivery location and transport of the UAV to another location may be
determined and included in the delivery time estimate. In an alternative

implementation, a different relay location may be selected.
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[0120] After including a recharge time in the delivery time cstimate, or if it is
determined that the relay location is not to be included in the routc between the source
location and the delivery location, the delivery time estimate is determined and
provided, as in 818. For cxamplc, the delivery time cstimate may be provided to the
user as part of the example process 700, discussed above with respect to FIG. 7. The
delivery time estimate may include an estimate of the time required for the selected
UAV to travel to the source location, retrieve the item, travel to the delivery location
and disengage the item. Likewise, if the route includes a relay location, the time
required for the UAV to travel to the relay location, switch power modules (or
recharge) may be included in the delivery time estimate.

[0121] If the user has selected a delayed delivery time, the selected delivery time
may be used as the delivery time estimate. For example, if it is determined that an item
can be aerially delivered within thirty minutes, the user may have the option to select a
delayed aerial delivery time that is longer than thirty minutes. In such an example, the
UAV may delay the initiation of the delivery of the item until the delivery will result in
the item being delivered at the requested delivery time. Likewise, in some
implementations, the item may be partially delivered (e.g., to a relay location, secure
delivery location) and remain there until it is retricved by a UAV and dclivered to the
user selected delivery location at the requested delivery time.

[0122] In addition to determining the delivery time estimate, delivery parameters
for the delivery of the item(s) may be generated and provided to the UAV. This may
only be done when an item is ordered. The delivery parameters may include, among
other information, the identity of the UAV that is to transport the ordered item(s) from

the source location to the delivery location, the weight, size and/or shape of the item,
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the identification of the source location from which the item is to be retricved, the
destination location to where the item is to be delivered, cte.

[0123] While the example of FIG. 8 only refers to a single UAV transporting the
item(s) from a sourcc location to a dclivery location, in some implementations, multiple
UAVs may be involved in delivery of an item. For example, a first UAV may transport
the item from a source location to a relay location. A second UAV may retrieve the
item from the relay location and complete the delivery to the delivery location.

[0124] FIG. 9 is aflow diagram illustrating an example automated aerial delivery
process 900, according to an implementation. The example process 900 begins by a
UAYV receiving inventory information and a delivery location, as in 902. Inventory
information may include, for example, an identification of one or more items of
inventory that are to be delivered to a delivery location, a location of the inventory, a
location of a container that includes the inventory, etc. The delivery location may
include location information for a delivery location for the inventory. For example, the
delivery location may be identified by longitude and latitude information, GPS data, a
physical address, etc.

[0125] Upon receiving inventory information and a delivery location, the UAV may
autonomously navigate to the physical location of the inventory identificd in the
inventory information, as in 904. For example, the UAV may utilize its propellers and
propeller motors to move aerially and a navigation system to navigate the UAV to the
location of the inventory. Upon reaching the inventory location, the UAV may engage
the inventory using the inventory engagement mechanism coupled to the UAV, as

in 906. Upon engaging inventory, a determination may be made as to whether the
inventory is securely engaged, as in 908. For example, one or more input devices on

the UAV may be used to determine the position of the inventory in the inventory
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cngagement mechanism. For cxamplc, the input device may be a camcera, pressurc
scnsor, ctc. that can be uscd to determine the position of the inventory with respect to
the inventory engagement mechanism.

[0126] If it is dcterminced that the inventory is not sccurcly engaged, the cxample
process 900 returns to block 906 and continues until the inventory is securely engaged.
If it is determined that the inventory is securely engaged, the example process 900
develops a navigation path from the current location to the delivery location. Insome
implementations, the navigation path may be provided to the UAV. In other
implementations, the UAV may determine the navigation path. In still other
implementations, the navigation path may be determined based on a combination of
both provided information and navigation path determinations made by the UAV. In
still other examples, multiple UAVs may communicate and share information, such as
weather, dangerous areas, flight paths, etc., that may be used by the UAV to determine
a navigation path.

[0127] Based on the determined navigation path, the UAV navigates to the delivery
destination, as in 910. Upon reaching the delivery destination, the UAV identifies a
fairly level surface with a clear path to which the UAV can navigate and disengage the
inventory for final delivery. A Ievel surface may be, for cxamplc, a table, the ground, a
chair, abalcony, or the like. Upon identifying a level surface, the UAV positions itself
over the level surface and lowers itself such that it is hovering just above the level
surface. When the UAV reaches a desired position, the inventory is disengaged from
the inventory engagement mechanism, as in 912. Upon disengagement, the inventory
exits the inventory engagement mechanism and comes to rest on the level surface. A
determination may be made as to whether the inventory has been fully released, as

in 914. For example, the input devices on the UAV may be used to determine the
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position of the inventory on the Ievel surface and/or to confirm that there is no longer
any inventory in the inventory cngagemoent mechanism. If it is detcrmined that the
inventory has not been fully released, the example process 900 returns to block 912 and
continucs until the inventory is relcascd. Upon dctermining that the inventory has been
released from the inventory engagement mechanism, the example process 900
completes, as in 916.

[0128] FIG. 10 is a flow diagram illustrating an example UAV route planning
process 1000, according to an implementation. The example process 1000 begins by
receiving the delivery parameters, such as those created as part of the example process
800, as in 1002. Based on the delivery parameters, relevant environment information
may be obtained from the UAV mesh network, such as the mesh network discussed
above with respect to FIG. §, as in 1004. For example, information regarding the
weather, traffic, dangerous areas, etc. along a general path between the source location
and a delivery location may be obtained from the UAV network. Based on the delivery
parameters and the environmental conditions obtained from the UAV network, a route
from the current location of the UAYV to the source location and from the source
location to the delivery location is developed, as in 1006. For example, the UAV may
be at a physical location that is scparatc from the source location and thus, may be
required to navigate to the source location to retrieve the item that is to be delivered.
For example, if a third party has sold an item that is to be delivered by a UAV, the
location of the item sold by the third party may be the source location. In some
implementations, the route may only include route information (e.g., directions from
the current location to the source location and from the source location to the
destination location). In other implementations, the route may also include altitude,

speed and/or other information about the route.
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[0129] Oncc the route is determined, the UAV may begin following the route, as in
1008. As discussed in further detail below with respect to FIG. 11, the specific
navigation of the route may be determined by the UAV during traversal of the route.
As the routc is followed, the status of the UAV may be periodically reported to the
UAV management system. For example, the position on the route, trajectory, speed,
altitude, etc. may be periodically reported to the UAV management system.

[0130] As the UAV traverses the route, the UAV may be in constant or periodic
communication with other UAVs, the UAV management system, materials handling
facilities and/or relay locations, receiving and/or providing updates regarding the
environment and/or other information. Based on received and/or collected information,
a determination may be made as to whether one or more environmental conditions have
changed, as in 1010. If it is determined that an environmental condition has changed,
the example process 1000 returns to block 1006 and redevelops the route. However, if
it is determined that the environment has not changed, the example process 1000
determines if the destination location has changed, as in 1012. As discussed above, the
destination location may dynamically update based on the activities of the user to which
the item(s) is being delivered. For example, if the user has selected that the item be
dclivered to their current location, the destination location may change if the user
moves (o a new location while the item is being delivered.

[0131] If it is determined that the destination location has changed, the example
process 1000 returns to block 1006 and redevelops the route so that it terminates at the
new delivery location. However, if it is determined that the delivery location has not
changed, a determination is made as to whether the delivery of the item(s) has
completed, as in 1014. If it is determined that the delivery has not completed, the

example process 1000 returns to block 1008 and continues. Ifthe delivery has been
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complcted, the example process complctes and the UAV awaits additional instructions.
In some implementations, if additional instructions arc not provided, thc UAV may
automatically begin traveling back to the nearest relay location and/or materials
handling facility.

[0132] FIG. 11 is a flow diagram illustrating an example route navigation process
1100, according to an implementation. The example process may be performed by
each UAV and be designed around a prime directive of causing no harm to humans or
other animals. Generally, the UAV may navigate a route such that the UAV, even if it
completely loses control and/or power will not cause harm to humans or other animals.
For example, the navigation of a route may be developed such that even if the UAV
loses power it will not collide with a human or other animal.

[0133] The example route navigation process 1100 begins by determining the
current speed, altitude and/or trajectory of the UAV, as in 1102. Likewise, the
surrounding environment of the UAV may be determined, as in 1104. For example, the
UAYV may utilize one or more inputs to determine the surrounding environment and/or
receive information from other UA Vs in the area. For example, time of flight sensors,
sonar, cameras, etc. may be used to determine the surrounding environment. Tn other
implcmentations, storcd maps and/or information about the cnvironment surrounding
the UAV may be accessed. Based on the determined speed, altitude, trajectory and
surrounding environment, a failure path is determined, as in 1106. A failure path may
be the path the UAV would follow if all power and control of the UAV was lost. For
example, based on the collected information, it may be determined where the UAV
would land if all control and power were lost.

[0134] Based on the current path of the UAV and the determined failure path, a

determination is made as to whether the current navigation path and/or failure path
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intersects with humans, other animals, roads, walkways and/or other arcas that may be
populated with humans and/or animals (c.g., houscs, building, parks), as in 1108. If it
is determined that the navigation path and/or failure path intersects with a human and/or
othcr animals, roads, walkways, ctc., the navigation path may be altcred to avoid the
humans, animals, roads, walkways, etc., as in 1110. In some implementations, the
intersection can be completely avoided. In other implementations, potential interaction
cannot be completely avoided. In such an instance, the navigation path will be altered
to minimize any potential interaction. For example, if the navigation path intersects
with a road, walkway or other human occupied path, the navigation path may be
modified so that the intersection is limited (e.g., the UAV may cross the path ata
perpendicular angle). As another example, the navigation path may be developed to
minimize any potential human interaction. For example, if the navigation path requires
that the UAV travel over and/or into a densely populated neighborhood, the navigation
path will be modified such that if the UAV loses all power and control it will come to
rest on a rooftop, in a tree, or another area that is not frequented by humans.

[0135] If it is determined that the current navigation path does not potentially
intersect with humans and/or other animals, or if it has already been modified to reduce
any such intcraction, the cxamplc process 1100 rcturns to block 1102 and continucs.
[0136] FIG. 12 is a flow diagram illustrating an example delivery notification
process 1200, according to an implementation. The example process 1200 begins when
a UAYV departs a source location with an item(s) that is to be delivered to a delivery
location, as in 1202. When the UAV departs the source location with the item(s) to be
delivered, a notification is provided to the user that ordered the item(s) and/or that is to
receive the item(s), as in 1204. For example, the user may receive an email message,

text message, instant message, phone call, or the like that notifies the user that the
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ordered item(s) has departed the source location and is in-routc to the uscr sclected
delivery location. The message may also include an estimated delivery time.

[0137]  Next, it is determined by the example delivery notification process 1200 that
thc UAYV is arriving at the delivery location, as in 1206, For cxample, when the UAV
is within a defined distance (e.g., 1 mile) of the delivery location, it may be determined
that the UAV is arriving at the delivery location. Upon determining that the UAV is
arriving at the delivery location, a notification may be provided to the user alerting
them that the ordered item(s) will soon be arriving, as in 1208. As with the prior
notification, the notification that the item will soon be arriving may be provided via
email, text message, instant message, phone call, or the like.

[0138] In addition to determining that the item will soon arrive at the user selected
delivery location, a determination may be made as to whether a request for placement
of a remote entity controller is to be made, as in 1210. For example, if the delivery is
an attended delivery to a user selected location where a delivery has not been
previously made, it may be determined that a remote entity controller is to be placed at
the delivery location. As discussed above with respect to FIG. 6, a remote entity
controller may be, for example, a portable device of the user.

[0139] 1f it 1s determined that a request for placement of a remote entity controller
is to be made, the request is provided to the user, as in 1212. After requesting
placement of the remote entity controller, the delivery of the item is completed, as

in 1214, If the remote entity controller is placed at the delivery location, the delivery
may be completed by providing control of the UAV to the remote entity controller, as
discussed above. If the remote entity controller is not placed at delivery location, or if
it is determined that a request for placement of a remote entity controller is not to be

made or is not needed, the example process 1200 may continue by determining a
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landing arca for landing thc UAV and dclivering the item(s), as in 1216. For cxamplc,
if an item has previously been delivered to the delivery location, stored landing arca
information may be obtained from the UAV management system and used to select a
landing arca for dclivery of the item. Alternatively, the UAY may usc onc or more
inputs to determine a location for delivery of the items. For example, the UAV may
include and/or use a camera, sonar, time of flight sensor, radar, etc. to analyze the
delivery location and select a landing area. Once the landing area has been selected, the
delivery is completed, as in 1218. In addition, once delivery is completed, a
notification may be provided to the user that ordered the item(s) and/or the user that is
to receive the item(s) that the delivery of the item(s) has been completed, as in 1220).
[0140] FIG. 13 is a flow diagram illustrating an example UAV landing process
1300, according to an implementation. The example process 1300 begins when a UAV
arrives at a source location, a delivery location and/or a relay location, as in 1302. As
the UAV arrives at the location, a landing area is determined, as in 1304. As discussed
above with respect to FIG. 12, the landing area may be determined based on a position
of a remote entity controller, a prior landing at the area, etc.

[0141] Tn addition to determining the landing area, a determination may be made as
to whcether the landing arca and the path between the UAV and the landing arca arc
safe, as in 1306. For example, one or more inputs of the UAV and/or the remote entity
controller may be used to obtain information (e.g., images) of the area. The obtained
information may be processed to determine whether there are any humans, animals or
other obstacles in the landing area and/or the path between the UAV and the landing
area. Alternatively, or in addition thereto, the obtained information may be provided to
a remote entity, such as a user or the UAV management system, and the remote entity

may verify that the landing area is safe.
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[0142] 1f it is dcterminced that there arc humans, animals or other obstacles, it may
be determined that the landing arca is not safc. If it is determined that the landing arca
is not safe, an alternate landing area at the delivery location is determined, as in 1308.
Upon sclecting an altcrnate landing arca, the cxample process 1300 returns to decision
block 1306 and continues.

[0143] If it is determined that the landing area and the path between the UAV and
the landing area are safe, a determination is made as to whether a control request has
been received by the UAV from a remote entity controller at the landing area, as in
1310. Ifitis determined that a control request has not been received, the UAV may
complete an unattended landing at the delivery area, as in 1312. Alternatively, the
UAYV may not deliver the item. In another example, control of the UAV may be
provided to a remote entity (e.g., a user or the UAV management system) and the
remote entity may guide the UAV to the landing.

[0144] However, if it is determined that a control request has been received, control
of the UAV is provided to the remote entity controller that requested control of the
UAV, as in 1314. As discussed above, when control is provided to the remote entity
controller, the remote entity controller may capture images or other information about
thc UAV and provide navigation instructions to thc UAV to assist thc UAV in landing
at the landing area. Those instructions are received by the UAV and executed, as

in 1316.

[0145] Once the UAV has landed or reached a desired height above the landing
ared, a4 determination is made as to whether to engage or disengage an item and/or
containgr containing an item, as in 1318. For example, if the UAV is at a source
location, it may be determined that the UAYV is to engage an inventory item and/or a

container that contains the inventory item. Engagement of items and containers is
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discussed above. Likewisc, if the UAV alrcady has an cngaged inventory item(s)
and/or a containcr, it may be determined that the UAV is to discngage the inventory
item(s) or container. If it is determined that the UAV is to engage or disengage an
inventory item(s) or a container, the UAV performs the determined action, as in 1320.
However, if it is determined that the UAV is not to engage and/or disengage an item or
container, the UAV may complete landing at the area, as in 1322, This may be done to
recharge the UAV, so that repairs may be performed, to store the UAV, ete.

[0146]  While the above examples have primarily discussed using the
implementations for the aerial transport of inventory to a user, in other
implementations, the UAVs may be configured for other purposes. For example, in
some implementations, the UAVs may be configured to retrieve and/or transport other
UAVs. In such an example, the UAV(s) being transported are the inventory. Likewise,
in some implementations, the inventory transported may be power modules, empty
containers, and the like. For example, a UAV may retrieve multiple power modules
from a source location and transport those power modules to a delivery location (e.g.,
secure delivery location, a relay location) for use by other UAVs. When the UAV is at
the delivery location it may retrieve one or more containers and transport those
containcrs to another delivery location. In still other cxamples, UAVs may be used to
transport inventory between materials handling facilities, between a third party
merchant and a materials handling facility, etc.

[0147] FIG. 14 is a block diagram illustrating an example UAV control system 210
of the UAV 200. In various examples, the block diagram may be illustrative of one or
more aspects of the UAV control system 210 that may be used to implement the various
systems and methods discussed above. In the illustrated implementation, the UAV

control system 210 includes one or more processors 1402, coupled to a non-transitory
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computcr rcadablc storage medium 1420 via an input/output (1/0) intcrface 1410. The
UAYV control system 210 may also includc a propeller motor controller 1404, such as an
electronic speed control (ESC), a power module 1406 and/or a navigation system 1403,
The UAV control system 210 further includes an inventory cngagement mechanism
controller 1412, a network interface 1416, and one or more input/output devices 1418.
[0148] In various implementations, the UAV control system 210 may be a
uniprocessor system including one processor 1402, or a multiprocessor system
including several processors 1402 (e.g., two, four, eight, or another suitable number).
The processor(s) 1402 may be any suitable processor capable of executing instructions.
For example, in various implementations, the processor(s) 1402 may be general-
purpose or embedded processors implementing any of a variety of instruction set
architectures (ISAg), such as the x86, PowerPC, SPARC, or MIPS ISAs, or any other
suitable ISA. Tn multiprocessor systems, each processor(s) 1402 may commonly, but
not necessarily, implement the same ISA.

[0149] The non-transitory computer readable storage medium 1420 may be
configured to store executable instructions, data, navigation paths and/or data items
accessible by the processor(s) 1402. In various implementations, the non-transitory
computcr rcadablc storage medium 1420 may be implemented using any suitable
memory technology, such as static random access memory (SRAM), synchronous
dynamic RAM (SDRAM), nonvolatile/Flash-type memory, or any other type of
memory. In the illustrated implementation, program instructions and data
implementing desired functions, such as those described above, are shown stored within
the non-transitory computer readable storage medium 1420 as program

instructions 1422, data storage 1424 and navigation path data 1426, respectively. In

other implementations, program instructions, data and/or navigation paths may be
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rcceived, sent or stored upon different types of computer-accessible media, such as
non-transitory media, or on similar media scparate from the non-transitory computer
readable storage medium 1420 or the UAV control system 210. Generally speaking, a
non-trangitory, computcr rcadablc storage medium may includc storage media or
memory media such as magnetic or optical media, e.g., disk or CD/DVD-ROM,
coupled to the UAV control system 210 via the I/O interface 1410. Program
instructions and data stored via a non-transitory computer readable medium may be
transmitted by transmission media or signals such as electrical, electromagnetic, or
digital signals, which may be conveyed via a communication medium such as a
network and/or a wireless link, such as may be implemented via the network

interface 1416.

[0150] In one implementation, the I/O interface 1410 may be configured to
coordinate /0 traffic between the processor(s) 1402, the non-transitory computer
readable storage medium 1420, and any peripheral devices, the network interface 1410
or other peripheral interfaces, such as input/output devices 1418. In some
implementations, the I/O interface 1410 may perform any necessary protocol, timing or
other data transformations to convert data signals from one component (e.g., non-
transitory computer rcadablc storage medium 1420) into a format suitablc for usc by
another component (e.g., processor(s) 1402). In some implementations, the I/O
interface 1410 may include support for devices attached through various types of
peripheral buses, such as a variant of the Peripheral Component Interconnect (PCI) bus
standard or the Universal Serial Bus (USB) standard, for example. In some
implementations, the function of the I/O interface 1410 may be split into two or more
separate components, such as a north bridge and a south bridge, for example. Also, in

some implementations, some or all of the functionality of the I/O interface 1410, such
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as an intcrfacc to the non-transitory computer rcadablc storage medium 1420, may be
incorporated dircetly into the processor(s) 1402.

[0151] The propeller motor(s) controller 1404 communicates with the navigation
system 1408 and adjusts thc power of cach propeller motor to guide the UAV along a
determined navigation path to a delivery location. The navigation system 1408 may
include a GPS or other similar system than can be used to navigate the UAV to and/or
from a delivery location. The inventory engagement mechanism controller 1412
communicates with the motor(s) (e.g., a servo motor) used to engage and/or disengage
inventory. For example, when the UAV is positioned over a level surface at a delivery
location, the inventory engagement mechanism controller 1412 may provide an
instruction to a motor that controls the inventory engagement mechanism to release the
inventory.

[0152] The network interface 1416 may be configured to allow data to be
exchanged between the UAV control system 210, other devices attached to a network,
such as other computer systems, and/or with UAV control systems of other UAVs. For
example, the network interface 1416 may enable wireless communication between
numerous UAVs that are transporting inventory to various delivery destinations. In
various implementations, the network interface 1416 may support communication via
wireless general data networks, such as a Wi-Fi network. For example, the network
interface 1416 may support communication via telecommunications networks such as
cellular communication networks, satellite networks, and the like.

[0153] Input/output devices 1418 may, in some implementations, include one or
more displays, image capture devices, thermal sensors, infrared sensors, time of flight
sensors, accelerometers, pressure sensors, weather sensors, etc. Multiple input/output

devices 1418 may be present and controlled by the UAV control system 210. One or
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morc of these sensors may be utilized to assist in the landing as well as avoid obstaclcs
during dclivery and/or engagement of inventory. For cxample, utilizing a location
signal from the GPS receiver and one or more IR sensors, the UAV may safely land on
a location designated by the uscr. The IR scnsors may be uscd to provide real-time data
to assist the UAV in avoiding moving/movable obstacles.

[0154] As shown in FIG. 14, the memory 1420 may include program

instructions 1422 which may be configured to implement the example processes and/or
sub-processes described above. The data storage 1424 may include various data stores
for maintaining data items that may be provided for determining navigation paths,
retrieving inventory, landing, identifying a level surface for disengaging inventory, etc.
[0155] In various implementations, the parameter values and other data illustrated
herein as being included in one or more data stores may be combined with other
information not described or may be partitioned differently into more, fewer, or
different data structures. In some implementations, data stores may be physically
located in one memory or may be distributed among two or more memories.

[0156] Those skilled in the art will appreciate that the UAV control system 210 is
merely illustrative and is not intended to limit the scope of the present disclosure. The
UAYV control systcm 210 may also be connccted to other devices that arc not illustrated,
or instead may operate as a stand-alone system. In addition, the functionality provided
by the illustrated components may in some implementations be combined in fewer
components or distributed in additional components. Similarly, in some
implementations, the functionality of some of the illustrated components may not be
provided and/or other additional functionality may be available.

[0157] Those skilled in the art will also appreciate that, while various items are

illustrated as being stored in memory or storage while being used, these items or
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portions of thcm may be transferred between memory and other storage devices for
purposes of memory management and data integrity. Altcrnatively, in other
implementations, some or all of the software components may execute in memory on
another device and communicate with the illustrated UAV control system. Somc or all
of the system components or data structures may also be stored (e.g., as instructions or
structured data) on a non-transitory, computer-accessible medium or a portable article
to be read by an appropriate drive, various examples of which are described above. In
some implementations, instructions stored on a computer-accessible medium separate
from the UAV control system 210 may be transmitted to the UAV control system 210
via transmission media or signals such as electrical, electromagnetic, or digital signals,
conveyed via a communication medium such as a wireless network. Various
implementations may further include receiving, sending or storing instructions and/or
data implemented in accordance with the foregoing description upon a computer-
accessible medium. Accordingly, the techniques described herein may be practiced
with other UAV control system configurations.

[0158] FIG. 15 is a pictorial diagram of an illustrative implementation of a server
system, such as the server system 520, that may be used in the implementations
described herein. The scrver system 520 may include a processor 1500, such as onc or
more redundant processors, a video display adapter 1502, a disk drive 1504, an
input/output interface 1506, a network interface 1508, and a memory 1512. The
processor 1500, the video display adapter 1502, the disk drive 1504, the input/output
interface 1506, the network interface 1508, and the memory 1512 may be
communicatively coupled to each other by a communication bus 1510.

[0159] The video display adapter 1502 provides display signals to a local display

(not shown in FIG. 15) permitting an operator of the server system 520 to monitor and
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configurc opcration of the scrver system 520. The input/output interface 1506 likewisc
communicates with cxternal input/output devices not shown in FIG. 15, such as a
mouse, keyboard, scanner, or other input and output devices that can be operated by an
opcrator of the scrver system 520. The network interface 1508 includes hardwarc,
software, or any combination thereof, to communicate with other computing devices.
For example, the network interface 1508 may be configured to provide communications
between the server system 520 and other computing devices, such as a UAV, materials
handling facility, relay location and/or a secure delivery location, as shown in FIG. 5.
[0160] The memory 1512 generally comprises random access memory (RAM),
read-only memory (ROM), flash memory, and/or other volatile or permanent memory.
The memory 1512 is shown storing an operating system 1514 for controlling the
operation of the server system 520. A binary input/output system (BIOS) 1516 for
controlling the low-level operation of the server system 520 is also stored in the
memory 1512,

[0161] The memory 1512 additionally stores program code and data for providing
network services to the UAV management system 526. Accordingly, the memory 1512
may store a browser application 1518. The browser application 1518 comprises
computcr cxecutable instructions that, when cxccuted by the processor 1500, generate
or otherwise obtain configurable markup documents such as Web pages. The browser
application 1518 communicates with a data store manager application 1520 to facilitate
data exchange between the inventory data store 1522, the user data store 1524, and/or
secure delivery location data store 1526, and/or other data stores.

[0162] As used herein, the term “data store” refers to any device or combination of
devices capable of storing, accessing and retrieving data, which may include any

combination and number of data servers, databases, data storage devices and data
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storage media, in any standard, distributed or clustered cnvironment. The scrver
system 520 can include any appropriatc hardwarc and softwarc for intcgrating with the
data stores 1522-1526 as needed to execute aspects of one or more applications for the
UAV managcement system, UAVs, matcrials handling facilitics, sccure delivery
locations, and/or relay locations

[0163] The data stores 1522-1526 can include several separate data tables,
databases or other data storage mechanisms and media for storing data relating to a
particular aspect. For example, the data stores 1522-1526 illustrated include
mechanisms for inventory information, container information, UAV information, user
information, weather information, route information, source location information,
delivery location information, etc., which can be used to generate and deliver
information to the UAV management system 526, materials handling facilities, secure
delivery locations, UAVs, relay locations, and/or users.

[0164] It should be understood that there can be many other aspects that may be
stored in the data stores 1522-1526. The data stores 1522-1526 are operable, through
logic associated therewith, to receive instructions from the server system 520 and
obtain, update or otherwise process data in response thereto.

[0165] The memory 1512 may also include the UAV management system 526,
discussed above. The UAV management system 526 may be executable by the
processor 1500 to implement one or more of the functions of the server system 520. In
one implementation, the UAV management system 526 may represent instructions
embodied in one or more software programs stored in the memory 1512. In another
implementation, the UAV management system 526 can represent hardware, software

instructions, or a combination thereof.
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[0166] The server system 520, in onc implementation, is a distributed cnvironment
utilizing scveral computer systems and components that arc interconnccted via
communication links, using one or more computer networks or direct connections.
Howecver, it will be appreciated by those of ordinary skill in the art that such a system
could operate equally well in a system having fewer or a greater number of components
than are illustrated in FIG. 15. Thus, the depiction in FIG. 15 should be taken as being
illustrative in nature and not limiting to the scope of the disclosure.

[0167] Those skilled in the art will appreciate that in some implementations the
functionality provided by the processes and systems discussed above may be provided
in alternative ways, such as being split among more software modules or routines or
consolidated into fewer modules or routines. Similarly, in some implementations,
illustrated processes and systems may provide more or less functionality than is
described, such as when other illustrated processes instead lack or include such
functionality respectively, or when the amount of functionality that is provided is
altered. In addition, while various operations may be illustrated as being performed in
a particular manner (e.g., in serial or in parallel) and/or in a particular order, those
skilled in the art will appreciate that in other implementations the operations may be
performed in other orders and in other manncers. Those skilled in the art will also
appreciate that the data structures discussed above may be structured in different
manners, such as by having a single data structure split into multiple data structures or
by having multiple data structures consolidated into a single data structure. Similarly,
in some implementations, illustrated data structures may store more or less information
than is described, such as when other illustrated data structures instead lack or include
such information respectively, or when the amount or types of information that is stored

is altered. The various methods and systems as illustrated in the figures and described
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herein represent example implementations. The methods and systcms may be
implemented in softwarc, hardwarce, or a combination thercof in other implementations.
Similarly, the order of any method may be changed and various elements may be
addcd, rcordered, combined, omitted, modificd, ctc., in other implemcentations.

[0168] From the foregoing, it will be appreciated that, although specific
implementations have been described herein for purposes of illustration, various
modifications may be made without deviating from the spirit and scope of the appended
claims and the elements recited therein. In addition, while certain aspects are presented
below in certain claim forms, the inventors contemplate the various aspects in any
available claim form. For example, while only some aspects may currently be recited
as being embodied in a computer readable storage medium, other aspects may likewise
be so embodied. Various modifications and changes may be made as would be obvious
to a person skilled in the art having the benefit of this disclosure. It is intended to
embrace all such modifications and changes and, accordingly, the above description to
be regarded in an illustrative rather than a restrictive sense.

[0169] Implementations of the disclosure can be described in view of the following

clauses:
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CLAUSES

1. A system for aerial delivery of items to a destination location, comprising:
a plurality of unmanned aerial vehicles, each of the plurality of unmanned aerial
vehicles configured to aerially transport items;
an unmanned aerial vehicle management system, including:
a processor; and
a memory coupled to the processor and storing program instructions that
when executed by the processor cause the processors to at least:
receive a request to deliver an item to a destination location; and
send to an unmanned aerial vehicle of the plurality of unmanned
aerial vehicles, delivery parameters identifying a source location that includes the item
and a destination location;
whercin the unmanncd acrial vchicle, in response to receiving the delivery
parameters, is further configured to at least:
navigate to the source location;
engage the item located at the source location;
navigate a navigation route to the destination location; and

disengage the item.

2. The system of any preceding clause, wherein the unmanned aerial vehicle is
further configured to:
receive environment information from a second unmanned aerial vehicle; and
develop the navigation route from the source location to the destination location

based at least in part on the delivery parameters and the environment information.
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3. The system of any preceding clause, wherein the destination location is at Icast
onc of a sccurc delivery location, a matcrials handling facility, a uscr designated

delivery location, or arclay location.

4. The system of any preceding clause, wherein the program instructions that when
executed by the processor further cause the processor to at Ieast:

determine, based at least in part on the request, a delivery time estimate
identifying an estimated amount of time required to transport the item from the source

location to the destination location.

S. The system of any preceding clause, wherein the program instructions that when
executed by the processor further cause the processor to at least:
receive from an e-commerce website an order for the item; and

determine, based at least in part on the order, the destination location.

6. The system of any preceding clause, wherein the destination location is updated

based on a current location of a user.

7. A computer-implemented method, comprising:
under control of one or more computing systems configured with executable
instructions,
receiving 4 request to deliver an item to a destination location;
selecting an unmanned aerial vehicle;

sending delivery parameters to the selected unmanned aerial vehicle; and
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autonomously delivering the item from a source location to the

destination location with the sclected unmanncd acrial vechicle.

8. The computer-implemented method of any preceding clause, wherein the
delivery parameters include at least one of an identity of the unmanned aerial vehicle, a
weight of the item, a size of the item, a shape of the item, an identification of the source

location from which the item is to be retrieved, or the destination location.

9. The computer-implemented method of any preceding clause, wherein the
unmanned aerial vehicle utilizes the delivery parameters to develop a route between the

source location and the destination location for the autonomous delivery of the item.

10.  The computer-implemented method of any preceding clause, further
comprising:

estimating a power requirement for autonomously delivering the item based at
least in part on one or more of the selected unmanned aerial vehicle, the destination
location, the source location, a weight of the item, a size of the item, a distance between
the source location and the destination location, weather between the source location

and the destination location, the monetary value of the item, or the item.

11.  The computer-implemented method of any preceding clause, further
comprising:
determining that a power module of the unmanned aerial vehicle is to be

replaced or recharged as part of the autonomous delivery of the item;
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sclccting a relay location at which the power modulc is to be replaced or
recharged; and

wherein the delivery parameters identify the relay location.

12.  The computer-implemented method of any preceding clause, wherein the
destination location is determined based at least in part on global positioning data of a

portable device associated with a user.

13.  The computer-implemented method of any preceding clause, wherein the
destination location is a secure delivery location configured to receive and store at least

one item delivered by an unmanned aerial vehicle.

14.  The computer-implemented method of any preceding clause, further
comprising:

receiving a delivery notification from the unmanned aerial vehicle confirming
that the item has been delivered to the destination location; and

sending a notification that the item has been delivered to the destination

location.

15. A system for aerial transport of items using unmanned aerial vehicles,
comprising;
a plurality of unmanned aerial vehicles, each of the unmanned aerial vehicles
configured to at least:
wirelessly receive information from an unmanned aerial vehicle

management system,;
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sclectively engage and disengage inventory items; and

acrially navigatc between a source location and a destination location
along a navigation path; and
an acrial vchicle management system configurcd to wirclessly communicatc

with each of the plurality of unmanned aerial vehicles.

16. The system of any preceding clause, wherein each of the plurality of unmanned
aerial vehicles are further configured to at least:
wirelessly communicate with a second unmanned aerial vehicle of the plurality

of unmanned aerial vehicles.

17. The system of any preceding clause, wherein each of the plurality of unmanned
aerial vehicles are further configured to at least:

determine the navigation path between the source location and the destination
location;

periodically update the navigation path during aerial navigation along the

navigation path.

18.  The system of any preceding clause, wherein the navigation path is determined
based at least in part on one or more of delivery parameters provided by the aerial
vehicle management system, environmental information, or information received from

a second unmanned aerial vehicle.

19.  The system of any preceding clause, wherein the plurality of unmanned aerial

vehicles are further configured to:
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form a wircless nctwork; and

provide digital content to a device via the wircless network.

20.  The system of any preceding clause, further comprising;

a secure delivery location configured to receive an item delivered by at least one

of the unmanned aerial vehicles.
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CLAIMS:
1. A system for aerial delivery of items comprising:

a plurality of unmanned aerial vehicles, each of the plurality of unmanned

aerial vehicles configured to aerially transport items;
a management system, including:
a processor; and

a memory coupled to the processor and storing program instructions that when

executed by the processor cause the processor to at least:

receive from a device a request to order an item for aerial delivery, the item

available for purchase through an e-commerce shopping site;

determine a plurality of potential destination locations for delivery of the item,
wherein at least one of the plurality of potential destination locations is determined based at

least in part on a location of the device;

receive a selection of a destination location from the plurality of potential

destination locations; and

send to an unmanned aerial vehicle of the plurality of unmanned aerial
vehicles, delivery parameters identifying a source location that includes the item and the

destination location;

wherein the unmanned aerial vehicle, in response to receiving the delivery

parameters, is further configured to at least:
navigate to the source location;
engage the item located at the source location;

navigate a navigation route to the destination location; and
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disengage the item at the destination location.

2. The system of claim 1, wherein the unmanned aerial vehicle is further

configured to:
receive environment information from a second unmanned aerial vehicle; and

develop the navigation route from the source location to the destination

location based at least in part on the delivery parameters and the environment information.

3. The system of claim 1, wherein the destination location is at least one of a
secure delivery location, a materials handling facility, a user designated delivery location, or a

relay location.

4. The system of claim 1, wherein the program instructions that when executed by

the processor further cause the processor to at least:

determine, based at least in part on the request, a delivery time estimate
identifying an estimated amount of time required to transport the item from the source

location to the destination location.

5. The system of claim 1, wherein the program instructions that when executed by

the processor further cause the processor to at least:

update the destination location based at least in part on a current location of the

device.

6. The system of claim 1, wherein the location of the device is determined based
at least in part on one or more of Global Positioning System data received from the device, or

an indication of a network through which the device is communicating.
7. A computer-implemented method, comprising:

under control of one or more computing systems configured with executable

instructions,
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receiving from a device a request to order an item for aerial delivery, the item

available for purchase through an e-commerce shopping site;

determining, based at least in part on a location of the device, a destination

location for delivery of the item;
selecting an unmanned aerial vehicle;
sending delivery parameters to the selected unmanned aerial vehicle; and

causing a delivery of the item from a source location to the destination location

with the selected unmanned aerial vehicle.

8. The computer-implemented method of claim 7, wherein the delivery
parameters include at least one of an identity of the unmanned aerial vehicle, a weight of the
item, a size of the item, a shape of the item, an identification of the source location from

which the item is to be retrieved, or the destination location.

9. The computer-implemented method of claim 7, wherein the unmanned aerial
vehicle utilizes the delivery parameters to develop a route between the source location and the

destination location for an autonomous delivery of the item.
10. The computer-implemented method of claim 7, further comprising:

estimating a power requirement for autonomously delivering the item based at
least in part on one or more of the selected unmanned aerial vehicle, the destination location,
the source location, a weight of the item, a size of the item, a distance between the source
location and the destination location, weather between the source location and the destination

location, a monetary value of the item, or the item.
11. The computer-implemented method of claim 10, further comprising:

determining that a power module of the unmanned aerial vehicle is to be

replaced or recharged as part of the autonomous delivery of the item;
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selecting a relay location at which the power module is to be replaced or

recharged; and
wherein the delivery parameters identify the relay location.

12. The computer-implemented method of claim 7, wherein the destination

location is further determined based at least in part on global positioning data of the device.

13. The computer-implemented method of claim 7, wherein the destination
location is a secure delivery location configured to receive and store at least one item

delivered by an unmanned aerial vehicle.
14. The computer-implemented method of claim 7, further comprising:

receiving a delivery notification from the unmanned aerial vehicle confirming

that the item has been delivered to the destination location; and

sending to the device a notification indicating that the item has been delivered

to the destination location.
15. The computer-implemented method of claim 7, further comprising:

determining, during aerial transport of the item by the selected unmanned

aerial vehicle, that the delivery location has changed; and

causing the delivery destination to be updated such that the item is delivered by

the selected unmanned aerial vehicle to the updated delivery location.
16. The computer-implemented method of claim 15, wherein:
the delivery location is a current location of the device; and

the delivery location is determined to change based at least in part on a

movement of the device from a first location to a second location.

17. The computer-implemented method of claim 7, further comprising:
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determining, based at least in part on the location of the device, an estimated

delivery time for delivery of the item to the delivery location; and

providing to the device an indication of the estimated delivery time for delivery

of the item to the delivery location.

18. A system for aerial transport of items using unmanned aerial vehicles,

comprising:
a first system configured to at least:

receive from a device a request to order an item for aerial delivery, the item

available for purchase through an e-commerce shopping site;
determine a plurality of potential destination locations for delivery of the item;

receive a selection of a destination location from the plurality of potential

destination locations; and
determine a source location of the item;

a plurality of unmanned aerial vehicles, each of the unmanned aerial vehicles

configured to at least:

wirelessly receive delivery parameters from an unmanned aerial vehicle

management system;
selectively engage and disengage inventory items; and

aerially navigate between a source location and the destination location along a

navigation path; and

an aerial vehicle management system configured to wirelessly communicate

with each of the plurality of unmanned aerial vehicles.
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19. The system of claim 18, wherein each of the plurality of unmanned aerial

vehicles are further configured to at least:

wirelessly communicate with a second unmanned aerial vehicle of the plurality

of unmanned aerial vehicles.

20. The system of claim 18, wherein each of the plurality of unmanned aerial

vehicles are further configured to at least:

determine the navigation path between the source location and the destination

location; and

periodically update the navigation path during aerial navigation along the

navigation path.

21. The system of claim 20, wherein the navigation path is determined based at
least in part on one or more of delivery parameters provided by the aerial vehicle management

system, environmental information, or information received from a second unmanned aerial

vehicle.
22. The system of claim 18, wherein the plurality of unmanned aerial vehicles are
further configured to:
form a wireless network; and
provide digital content to a device via the wireless network.
23. The system of claim 18, further comprising:

a secure delivery location configured to receive an item delivered by at least

one of the unmanned aerial vehicles.

24, The system of claim 18, wherein the first system is further configured to at

least:
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determine a delivery estimate for aerial delivery of the item to the destination

location; and
provide to the device an indication of the delivery estimate.
25. A system for aerial delivery of items to a delivery location, comprising:

a plurality of aerial vehicles, each of the plurality of aerial vehicles configured

to aerially transport items;
an aerial vehicle management system, including:
a processor; and

a memory coupled to the processor and storing program instructions that when

executed by the processor cause the processor to at least:

receive, from a device, a request to order an item for aerial delivery, the item

available through an e-commerce shopping site;

send to an aerial vehicle of the plurality of aerial vehicles, delivery parameters

identifying at least a delivery location corresponding to a first current location of the device;

receive, subsequent to sending the aerial vehicle the delivery parameters, a
second current location of the device, wherein the second current location is different than the

first current location; and
send, to the aerial vehicle, the second current location;
wherein the aerial vehicle is configured to at least:
aerially navigate toward the delivery location with the item;

receive, while the aerial vehicle is aerially navigating toward the delivery

location, the second current location;
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alter a navigation path such that the aerial vehicle navigates toward the second

current location; and

disengage the item when the aerial vehicle arrives at the second current

location.

26. The system of claim 25, wherein the aerial vehicle is further configured to at

least:
receive environment information; and

develop the navigation path based at least in part on the delivery parameters

and the environment information.

27. The system of claim 25, wherein the program instructions that when executed

by the processor further cause the processor to at least:

determine, based at least in part on the request, a delivery time estimate

identifying an estimated amount of time required to transport the item to the delivery location.

28. The system of claim 25, wherein the aerial vehicle is further configured to at

least:
determine, at the second current location, a surface;

aerially navigate, prior to disengagement of the item, to a position over the

surface; and
wherein the item is disengaged onto the surface.

29. The system of claim 28, wherein the surface is at least one of a table, a ground,

a chair, or a balcony.

30. A computer-implemented method, comprising:
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under control of one or more computing systems configured with executable

instructions,
receiving, from a portable device, a request to order an item;
in response to receiving the request:
determining a first current location of the portable device;

sending, to an aerial vehicle, delivery parameters identifying at least a delivery
location corresponding to the first current location of the portable device such that the aerial

vehicle begins aerial navigation toward the first current location;

subsequent to sending the delivery parameters, determining a second current
location of the portable device, wherein the second current location is different than the first

current location; and

sending, to the aerial vehicle, the second current location such that the aerial
vehicle, during aerial navigation, alters navigation and aerially navigates toward the second
current location, whereby the item is considered to be delivered upon arrival at the second

current location.

31. The computer-implemented method of claim 30, further comprising:
determining the aerial vehicle from a plurality of aerial vehicles.

32. The computer-implemented method of claim 30, further comprising:

estimating a power requirement for the aerial vehicle based at least in part on
one or more of the aerial vehicle, the delivery location, a source location, a weight of the item,
a size of the item, a distance between the source location and the delivery location, weather
between the source location and the delivery location, a monetary value of the item, or the

item.

33. The computer-implemented method of claim 30, further comprising:
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causing the aerial vehicle to transport the item to a relay location; and

causing a second aerial vehicle to transport the item from the relay location to

the second current location.
34. The computer-implemented method of claim 30, further comprising:

determining a power requirement for aerial transport of the item to the delivery

location;

determining a first power module that will provide an aerial vehicle sufficient

power to aerially transport the item from a source location to a relay location; and

determining a second power module that will provide the aerial vehicle

sufficient power to aerially transport the item from the relay location to the delivery location.
35. The computer-implemented method of claim 30, further comprising:

determining that the aerial vehicle has departed with the item toward the

delivery location; and
sending a notification that the item is in-route to the delivery location.
36. A system for aerial transport of items using aerial vehicles, comprising:
an e-commerce shopping site configured to at least:

receive a request to view information about an item available for purchase

through the e-commerce shopping site;

determine a delivery location corresponding to a first current location of a

portable device;

determine a delivery time estimate for aerial delivery of the item from a source

location of the item to the delivery location;
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provide item information to a user, the item information including a delivery
option for aerial transport of the item to the delivery location and an indication of the delivery

time estimate; and
receive a request for aerial delivery of the item to the delivery location;
an aerial vehicle management system configured to at least:
wirelessly communicate with an aerial vehicle;

send delivery parameters to the aerial vehicle, the delivery parameters
indicating at least the delivery location corresponding to the first current location of the

portable device;

determine, during aerial transport of the item by the aerial vehicle, a second
current location of the portable device, wherein the second current location is different than

the first current location,;
send, to the aerial vehicle, the second current location; and
the aerial vehicle configured to at least:
wirelessly communicate with the aerial vehicle management system;
receive the delivery parameters;
receive the item; and
aerially navigate with the item toward the delivery location;

receive, while the aerial vehicle is aerially navigating toward the delivery

location, the second current location; and

alter a navigation path such that the aerial vehicle navigates toward the second
current location, whereby the item is considered to be delivered upon arrival at the second

current location.
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37. The system of claim 36, wherein the aerial vehicle is further configured to at

least determine the navigation path for aerial transport of the item to the delivery location.

38. The system of claim 36, wherein the navigation path is determined based at
least in part on one or more of delivery parameters provided by the aerial vehicle management

system, environmental information, or information received from a second aerial vehicle.

39. The system of claim 36, wherein the aerial vehicle is further configured to

at least:
determine a surrounding environment; and

alter the navigation path, during aerial transport of the item, based at least in

part on surrounding environment.

40. The system of claim 36, wherein the aerial vehicle management system is

further configured to at least:
send a notification that the item is in-route to the delivery location.

41. The system of claim 36, wherein the request to view information is received

from a second device that is different than the portable device.
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