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CAS01 

S eedfactor 
Localización: Ansbach, Alemania 
Descripción: un gemelo digital de la cadena de producción capaz de 
ofrecer producción personalizada a atletas y ciudades concretas, en 
espacios reducidos e incluso en tiendas físicas, des/oca/izando y 
descentralizando la producción. 

Implicaciones 
>Arquitectónicas: nuevo concepto de tienda? tienda-fábrica 
>Urbanas: distribuciones por usos, relaciones de aprovisionamiento 
tiendas, usos de la infraestructura, almacenaje de los bienes de 
fabricacion cercanos a la tienda de producción. 
>Otras: desaparición de la distancia entre productor y consumidor, 
modelo económico descentralizado y urbano, de pequeña escala, circular 
y de consumo local. 
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CAS02 

Tin uan Garments 
Localización: Little Rock, Arkansas 
Descripción: gigante chino manufacturero de ropa traslada su cuartel 
general a EEUU, su principal consumidor para reducir costes de 
transporte y estar más cerca de su mercado preferente. 

Implicaciones 
>Arquitectónicas: acondicionamiento de antiguas fábricas a nuevas 
necesidades, las robóticas. 
>Urbanas: ocupación territorial de nuevos modelos industriales, 
reutilización de infraestructura obsoleta 
>Otras: los avances tecnológicos constantes han permitido abaratar el 
coste de producción, revirtiéndose el proceso de la industria offshore 
situada hasta ahora en Asia. Ya es más barato producir en los países 
desarrollados que en los subdesarrollados. ¿Qué significará esto a largo 
plazo para el orden mundial? 
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CAS03 

• : t • . •• 

SoftWear Automation 
Localización: Little Rock, Arkansas 
Descripción: proyecto de investigación de la universidad de Georgia, 
subvencionado por Wallmart Foundation y la Defense Advanced Research 
Projects Agency {DARPA), que propone modular las cadenas de 
producción para flexibilizar así la tecnología de cualquier proceso 
productivo 

Implicaciones 
>Arquitectónicas: nuevo "módulo" industrial? Nuevas necesidades 
espaciales. La persona sustituida por el brazo robótica 
>Urbanas: cualquiera puede ser productor 
>Otras: la despersonalización de la cadena de producción, reduciendo 
costes de mantenimiento, de ingeniería y revirtiendo los beneficios sobre 
un solo impulsor/actor. 

*ACTORES: Wallmart, Departamento de defensa de EEUU. 
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CAS04 

FutureLand 
Localización: Rotterdam, Holanda 
Descripción: nueva terminal del puerto de Rotterdam, parcialmente 
construida y en funcionamiento, totalmente automatizada y sin un sólo 
trabajador en contacto directo con las mercancías 

Implicaciones 
>Arquitectónicas: .. . para qué un arquitecto 
>Urbanas: modelos de ocupación territorial, construcción terreno 
artificial, infrestructuras automatizadas, impermeabilidad de los espacios 
de control, segregación de usos y expulsión de otras actividades, 
>Otras: materialización de un futuro sin empleos? consecuencias 
económicas y social-laborales de la automatización. La logística se 
impone como el negocio del futuro? 

*ACTORES: Maersk, gobierno holandés. 
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CASOS 
111 Money MarKets Economy Companies Tecn Autos 1na1a viaeo Q. _ 

America's abandoned factories in hot 
demand 
by Parija Kavilanz @CNNMoney 

There's a love affair happening w ith an unlikely type of real estate: 

America's empty factories and warehouses. 

Vacant commerclal spaces are In high demandas both startups and multinationals look for 
facilities to house thelr U.S. operations. 

Fábrica abandonada 
Localización: EEUU 

This Is how captain 
Amerlca learned to 
fight 

Descripción: fábricas abandonadas de EEUU viven un resurgir de la 
inversión inmobiliaria por la tendencia de establecer la producción cerca 
de los consumidores, al contrario que hasta ahora con la deslocalización 
de las empresas en los países asiáticos principalmente. 
Implicaciones 
>Arquitectónicas: reciclaje, reutilización, adaptación ... 
>Urbanas: modelos de ocupación territorial, resurgir de las ciudades 
industriales? la industria cobra un peso importante como categoría de 
organizzación terrtorial, algo que parecía olvidado con el discurso de las 
Smart Cities y la globalización. 
>Otras: "producido en EEUU", nuevos egos, nuevos orgullos, nuevas 
fronteras? parece que ya no nos necesitaremos unos a otros, los países 
ricos producirán sus bienes y serán aún más ricos y los países en vías de 
desarrollo ya no tendrán ni vías ni nada 
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CAS06 
Vida ltal 

"Hay vida después de Uber": esto pasa en 
las ciudades cuando la empresa deja de 
operar 
O La compañía se ha quedado sin licencia para operar en Londres. Pero no es Ja 

primera vez que ocun-e. Expertos y autoridades se fijan en otras ciudades que ya 
tuvieron que gestionar el mismo vacío 

Sam lev1,, · San Francisco 

06/10/2017- 19 49n 

Más de 400 000 Ciudadanos piden que se renueve la licencia a Uber en Londres ErE 

Urbanismo de lataforma 
Localización: grandes ciudades 

Tuemailaquí 

4 ,¡¡¡,;¡;,,11 

eldiario.es se asocia con the 
Guardian para crear su 
sección de Internacional 
eldlarlo.es • 265 
Los mejores contenidos de la sección Internacional 
del diario bntáníco the Guard1an estarán disponibles 
en exclusiva en España en eldlarío.es, traducidos al 
español. 

Descripción: la economía de plataforma o economía colaborativa como 
nos la han querido vender moldea nuestras ciudades en formas que ya 
nos parecen naturales. Vivir sin Uber se convierte en un drama ahora. 
Implicaciones 
>Arquitectónicas: deberíamos pensar la arquitectura desde este nuevo 
modelo económico? 
>Urbanas: movilidad urbana, servicios públicos vs. privados, uso de las 
infraestructuras 
>Otras: economía sumergida? nuevo estadio del capitalismo? 

*ACTORES: Uber, Amazon, Google, Airbnb, Facebook ... 
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CAS07 

Amazon Prime Air 
Localización: Cambridgeshire, Inglaterra 
Descripción: primer envío de Amazon con un dron. Una sección a la 
que la compañía le da vital importancia, prometen llegar a casa con el 
paquete en media hora, o menos ... 
Implicaciones 
>Arquitectónicas: si no tengo un jardín de 1000m2 y vivo en un piso 
en Madrid, ¿cómo lo haría el dron? 
>Urbanas: tienen cabida los drones en las ciudades? necesitan de 
infraestructura propia? seguridad. ¿oónde se sitúan los almacenes para 
que lleguen en media hora en una ciudad como Madrid? 
>Otras: el que antes lo envía triunfa, esto lleva invariablemente a 
necesitar un gran stock y disponibilidad de material en todo momento, 
no muy lejos de los focos de consumo, las grandes ciudades. 

*ACTORES: Amazon 
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Localización: -
Descripción: propuesta de amazon para los almacenes del futuro, una 
sede vertical a modo de colmena de drones. 
Implicaciones 
>Arquitectónicas: nuevas tipologías arquitectónicas 
>Urbanas: los espacios de almacenaje ya no tienen que ser 
predominantemente horizontales y estar por tanto fuera de las ciudades, 
pueden ser edificios céntricos y su demanda ha crecido un 34º/o en las 
grandes ciudades. 
>Otras: la logística juega ya y jugará en un futuro muy cercano el papel 
protagonista en una revolución industrial 4. O basada en la conexión 
constante entre los procesos productivos y consumidores. 

*ACTORES: Amazon 
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CAS09 
La inversión en centros de datos que no cesa 

Cloud 02 MAR 2018 

Los proveedores de servicios por Internet y cloud a gran escala que mas han gastado en este segmento el 
pasado ano han sido Google, Amazon, Microsoft, Apple y Facebook. 

COMPARTIR 75.000 millones de dólares es el Quizá te Interese. 

l t@.j-1,dfj 
montante que el segmento de 
proveedores de servicios por Internet ~ps· cómo fomentar la agíli.dfil! 

y cloud a gran escala ha Invertido el ~gQ.QQ 

11.uw 
pasado año en la construcción de ~pales retos de los CIO en un 
centros de datos. lo que supone un mundo cloud nativo 
19% más con respecto al año anteñor. 
según estimaciones de Synergy Gestión de vulnerabilidades (IT G· C~ 

La infraestructura del futuro 
Localización: -
Descripción: una de las características de la industria 4. O es la 
recopilación y procesamiento de datos para mejorar los procesos 
productivos, big data. EL almacenaje de estos datos requiere de un 
soporte físico que son los centros de datos, cada vez más frecuentes 
entre las ecesidades básicas de cualquier gran empresa y con mayor o 
menor repercusión terrtoríal. 
Implicaciones 
>Arquitectónicas: nuevas tipologías arquitectónicas, necesidades muy 
específicas de ventilación y seguridad 
>Urbanas: nueva infraestructura a tener en cuenta, dónde está su sitio 
en las ciudades? 
>Otras: los datos son la moneda de cambio actual, las cibermonedas 
obtienen su valor de la comprobación de transacciones {datos). Los 
centros de datos son los búnkeres de la era de la información, donde 
todo es o rastreable o hackeable. 

*ACTORES: Amazon, Google, Microsoft, Apple, Facebook. 
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(57) ABSTRACT 
An item may be outfitted with a cartridge for varying a net 
density of the item and deposited in a body of liquid for 
storage. The cartridge may cause a net density ofthe item to 
exceed a density of the liquid, orto foil below the density of 
the liquid, and to descend or ascend within the liquid, as 
desired. The cartridge may also cause a net density of the 
item to equal the density of the liquid, and thus remain at a 
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acoustic signals or other forms of instructions for varying a 
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AQUATIC STORAGE FACILITIES 

BACKGROUND 

A fulfillment center is a facility, warehouse or other like 
structure that is adapted to receive items from vendors or 
other fulfillment centers, and to store such items in one or 
more designated storage spaces, areas or units ( e.g., cubbies, 
receptacles, bins, shelves) therein. Such fulfillment centers 
may include stations for receiving shipments of items, for 10 

storing such items, and/or for preparing such items for 
delivery to customers. When an arder for the purchase of one 

2 
centers are designed and intended to receive and distribute 
items, significant portions of the fulfillment centers remain 
unused for storage. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. lA through lM are pictorial diagrams illustrating 
aspects of one embodiment of an aquatic storage facility in 
accordance with the present disclosure. 

FIGS. 2A and 2B are block diagrams of components of 
one embodiment of a system including an aquatic storage 
facility in accordance with the present disclosure. 

or more ofthe items stored in a fulfillment center is received 
from a customer, the ordered items may be retrieved from 
the spaces, areas or units in which the ordered items are 
stored, and prepared for delivery to the customer, e.g., by 
packing the ordered items into one or more appropriate 
containers with a sufficient type and amount of dunnage, and 
delivering the containers to an address designated by the 
customer. 

FIG. 3 is a flow chart of one process for retrieving an item 
from an aquatic storage facility in accordance with the 

15 present disclosure. 
FIGS. 4A and 4B are pictorial diagrams illustrating 

aspects of one embodiment of an aquatic storage facility in 
accordance with the present disclosure. 

Online marketplaces are increasingly popular electronic 
forums through which customers may place orders for one 

FIG. 5 is a flow chart of one process for retrieving an item 
20 from an aquatic storage facility in accordance with the 

present disclosure. 
FIGS. 6A through 6H are pictorial diagrams illustrating 

aspects of one embodiment of an aquatic storage facility in 
accordance with the present disclosure. 

FIGS. 7A through 7C are pictorial diagrams illustrating 
aspects of one embodiment of an aquatic storage facility in 
accordance with the present disclosure. 

or more items over the Internet. The growth of online 
marketplaces, and the rapid expansion in the scope and 
breadth oftheir available offerings, has led to a concomitant 25 

proliferation of fulfillment centers. Online marketplaces 
usually use fulfillment centers to allow vendors to maintain 
inventaries of items that are available for sale at the online 
marketplaces in a centralized location. Typically, upan the 
receipt of an arder for one or more items that are located at 
the fulfillment center, a list ofthe items included in the arder 

FIG. 8 is a flow chart of one process for retrieving an item 
from an aquatic storage facility in accordance with the 

30 present disclosure. 
FIGS. 9A through 9F are pictorial diagrams illustrating 

aspects of one embodiment of an aquatic storage facility in 
accordance with the present disclosure. 

is provided to a staff member or one or more autonomous 
mobile robots at the fulfillment center on paper, electroni
cally (e.g., to a handheld computer maintained by the staff 
member ), or in any other format. The staff member or robot 
must then traverse the floor of the fulfillment center to 
physically retrieve the items from the spaces, areas or units 

FIGS. lOA through lOF are pictorial diagrams illustrating 
35 aspects of one embodiment of an aquatic storage facility in 

accordance with the present disclosure. 

in which they are stored, and transport the items to a 
distribution station in preparation for delivery to the cus
tomer. 40 

FIGS. llA through 111 are pictorial diagrams illustrating 
aspects of one embodiment of an aquatic storage facility in 
accordance with the present disclosure. 

FIGS. 12A through 12C are pictorial diagrams illustrating 
aspects of one embodiment of an aquatic storage facility in 
accordance with the present disclosure. 

Because today's online marketplaces offer a wide variety 
of items to customers, including but not limited to goods, 
services, products, media or information, fulfillment centers 
now include increasingly large and complex facilities having 
expansive capabilities and high-technology accommoda
tions for items, and feature storage areas as large as one 
million square feet or more. Therefore, in arder to prepare 
and ship an arder that includes a large number or different 
types of items to a customer, a staff member or robot may be 
required to walk severa! thousand feet, or even miles, within 
a fulfillment center in arder to retrieve the items in fulfill
ment ofthe arder. Where a customer submits multiple orders 
for items, the arduous task of picking, packaging and 
shipping ordered items must often be repeated for each and 
every arder. 

FIGS. 13A through 13C are pictorial diagrams illustrating 
aspects of one embodiment of an aquatic storage facility in 

45 accordance with the present disclosure. 
FIGS. 14A through 14G are pictorial diagrams illustrating 

aspects of one embodiment of an aquatic storage facility in 
accordance with the present disclosure. 

FIG. 15 is a pictorial diagram illustrating aspects of one 
50 embodiment of an aquatic storage facility in accordance 

with the present disclosure. 

55 

Moreover, for ali of their technological advancements, 
today's fulfillment centers are still plagued by the inefficient 
use of space. For example, fulfillment centers are commonly 
box-shaped buildings having a plurality storage spaces, 
areas or units, each of which is sized and sufficiently durable 60 

to support loads of a standard or nominal size or dimension 
(e.g., fifty pounds, nine cubic feet, or forty pounds per 
square inch), regardless ofwhether the spaces, areas or units 
are actually so loaded. Fulfillment centers also include a 
number of machines or other features for providing services 65 

and utilities to such centers, including cabling, piping, 
ductwork and the like. Despite the fact that fulfillment 

FIGS. 16A, 16B and 16C are pictorial diagrams illustrat
ing aspects of one embodiment of an aquatic storage facility 
in accordance with the present disclosure. 

DETAILED DESCRIPTION 

As is set forth in greater detail below, the present disclo
sure is directed to storing items in liquid-filled environ
ments, and retrieving items therefrom, by manipulating the 
densities of the items within such environments. More 
specifically, the systems and methods of the present disclo
sure are directed to placing an item and/or a container having 
a depth control cartridge, a depth control device, or another 
component affixed thereto, and depositing the item or con
tainer into a pool, a vat, or another natural or artificial body 
of a liquid medium for storage therein. The cartridges, 
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devices or components may include one or more expansion 
sections or volumes ( e.g., bladders) that may be expanded or 
contracted, or one or more tanks or other volumes (e.g., 
ballast tanks) that may be filled or emptied, as necessary, 
with air, water or any other fluids, in arder to selectively 
control a net density of the container within the liquid 
medium, and to cause the cartridges, devices or components 
to ascend or descend therein. 

In sorne embodiments, when temporary or long-term 
storage of an item is desired, the item or a container thereof 
may be placed into a body of liquid (e.g., water), with a 
depth control device aflixed thereto. The depth control 
device may include one or more sensors (e.g., hydrophones, 
Global Positioning System or "GPS" receivers, depth sen
sors), computer components (e.g., processors, transceivers, 
memory components ), expandable or compres si ble volumes 
(e.g., bladders), ballast tanks and one or more other features 
for causing a net mass or volume of the item or the container 

4 
The frame 141 may be constructed or formed in any 

manner and from any materials that are sufliciently suitable 
and durable to contain the water and one or more items ( e.g., 
the items 160-n) therein, and also to withstand any pressure 
differentials between hydrostatic pressure provided by the 
water contained therein and the soil, sand, rock, bedrock or 
other underlying materials into which the frame 141 is 
installed, which may occasionally shift. For example, the 
frame 141 may include one or more sidewalls (e.g., vertical 

10 or substantially vertical portions located generally along a 
perimeter ofthe frame 141) and bottoms (e.g., non-vertical 
or substantially non-vertical portions such as flat or angled 
surfaces). In sorne embodiments, the frame 141 may be 
formed from durable materials such as one or more layers of 

15 concrete, cement and/or sand, as well as steel, aluminum or 
other metals, and lined with one or more layers of plastic, 
rubber or other materials that are impermeable to water or 
other liquids. The frame 141 may have any cross-sectional 
area or shape in accordance with the present disclosure. 

FIG. lA is a perspective view of the aquatic storage 
facility 140. As is shown in FIG. lA, a number of flow 
sources 152-1, 152-2, 152-3, 152-4 are installed within the 
frame 141 of the aquatic storage facility 140. The flow 
sources 152-1, 152-2, 152-3, 152-4 may be jets, pumps or 

to be varied in a controlled fashion. Implementing a change 20 

in the density ofthe item or the container within the body of 
liquid may cause the item or the container to change in 
vertical depth within the liquid, orto reach a desired vertical 
depth within the liquid. For example, a depth control device 
may include a pressurized source of air or other compressed 
fluids (e.g., pneumatic, hydraulic or other tanks or vessels) 

25 other apparatuses for propelling or expelling water within 
the frame 141 in one or more directions, thereby locally 
inducing current flow in such directions. Alternatively, one 
or more ofthe flow sources 152-1, 152-2, 152-3, 152-4 may 
be vacuum and/or suction ports for receiving or withdrawing 

or, alternatively, one or more reagents that may be combined 
or catalyzed to trigger a favorable chemical reaction result
ing in the release or consumption of fluids or energy, thereby 
increasing or decreasing a density of the depth control 
device. A depth control device may also include one or more 
ballast tanks that may be selectively filled or emptied as 
necessary, or to a predetermined extent, thereby increasing 
or decreasing a mass of the depth control device. When the 
item or container is placed within the body of liquid, the 
depth control device may be configured to cause a density of 
the container to exceed the density of the liquid, e.g., by 
decreasing a volume and/or increasing a mass of the depth 
control device, thereby causing the item or the container to 
naturally descend to a bottom or lower portian of the body 
of liquid. 

Upan receiving an arder for the item, the depth control 
device may be configured to cause the density of the 
container to fall below the density of the liquid, e.g., by 
increasing a volume and/or decreasing a mass of the depth 
control device, thereby causing the item or the container to 
naturally rise to a surface or upper portian of the body of 
liquid, from which the item or the container and the device 
may be retrieved. Additionally, while an item or a container 
may be vertically positioned by varying a net density of the 
item or the container within a body of liquid, e.g., using a 
depth control device, the item or the container may be 
horizontally positioned by subjecting the item or the con
tainer to natural or artificial current flows in one or more 
directions, with such flows being initiated or halted by 
natural or artificial means. 

Referring to FIGS. lA through lM, pictorial diagrams 
illustrating aspects of one system 100 including an aquatic 
storage facility ( e.g., a storage pool or other natural or 
artificial basin) 140 in accordance with embodiments ofthe 
present disclosure are shown. The aquatic storage facility 
140 includes a frame 141 filled with water (or any other 
mixtures, solutions or other liquid media), an ingress unit 
142 and an egress unit 144. A plurality of items 160-n are 
submerged within the aquatic storage facility 140, and rest 
on a bottom ofthe frame 141, below a surface ofthe water 
therein. 

30 water from within the frame 141 in one or more directions, 
thereby locally inducing current flow in such directions. As 
is also shown in FIG. lA, the frame 141 further includes a 
transducer 154 provided on one sidewall of the frame 141. 
The transducer 154 may be configured to emit or radiate one 

35 or more predetermined sounds into the water within the 
frame 141, including but not limited to one or more specific 
tonals ( or a series of such tonals) at any desired frequency 
or intensity. The frame 141 also includes a pivotable diverter 
arm 156 aligned adjacent to the egress unit 144. The diverter 

40 arm 156 is configured to swing or pivot outwardly from one 
sidewall of the frame 141, about an axis, and to guide any 
items within a range of the diverter arm 156 toward the 
egress unit 144. 

The ingress unit 142 and the egress unit 144 are conveyors 
45 or like systems for depositing items into the water within the 

frame 141, or for retrieving items from the water within the 
frame 141. As is shown in FIG. lA, a first end ofthe ingress 
unit 142 is outside of the frame 141, while a second end of 
the ingress unit 144 is within the frame 141 and below the 

50 surface of the water therein. The ingress unit 142 is config
ured to deliver or deposit any number of items, including but 
not limited toan item 160-1, into the water within the frame 
141. The egress unit 144 is configured to retrieve or remove 
any number of items, including the item 160-1 or any of the 

55 items 160-n, from the water within the frame 141. Alterna
tively, any other type or form of ingress unit or egress unit 
may be utilized to deliver or deposit items at the aquatic 
storage facility 140, orto retrieve or remove items from the 
aquatic storage facility 140, in accordance with the present 

60 disclosure, including but not limited to one or more pumps, 
pipes, chutes, ramps, edges or weirs incorporated into the 
frame 141 or elsewhere throughout the aquatic storage 
facility 140. Items may also be delivered or deposited into, 
or retrieved or removed from, the aquatic storage facility 

65 140 using one or more vehicles (e.g., trucks or forklifts), 
autonomous mobile robots, staff members or any other 
machine or human (not shown). 
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Referring to FIG. lB, a top view of the aquatic storage 
facility 140 is shown. As is shown in FIG. lB, the flow 
sources 152-1, 152-2, 152-3, 152-4 may, when operated in 
concert, generate a cyclic current of the water within the 
aquatic storage facility 140, e.g., in a clockwise direction. 
Thus, any buoyant or substantially buoyant objects that are 
positioned at or near a depth or height of the flow sources 
152-1, 152-2, 152-3, 152-4 may be caused to revolve about 

6 
141, or at any depth within the water. The transceiver 174-1 
may be configured to communicate with one or more other 
computer devices, e.g., over a network 190, when ali or 
portions of the item 160-1 are on a surface of the water or 
at a shallow depth, and to transfer signals to or receive 
signals from the processor 175-1. In sorne embodiments, the 
flexible bladder 168-1 may include one or more antennas or 
other receiving apparatuses associated with one or more of 
the GPS receiver 170-1, the transceiver 174-1, or any other a centroid of the aquatic storage facility 140 within the 

water, based on the cyclic flow of current therein. 
Referring to FIG. lC, a side view of the aquatic storage 

facility 140 is shown, shortly after the item 160-1 has been 
deposited into the water by way of the ingress unit 142. As 

10 component stitched, sewn, formed or otherwise applied 
therein, such that the antennas or apparatuses may be located 
ata highest point ofthe item 160-1 when the item 160-1 is 
at or near a surface of the water or other liquid medium. 

is shown in FIG. lC, the item 160-1 includes a depth control 
device 165-1 thereon. The depth control device 165-1 may 15 

be in the form of a cartridge or other component that may be 
releasably or fixedly mounted toan outer surface ofthe item 
160-1, and includes a flexible bladder 168-1 (or other 
expandable volume). As is shown in FIG. lC, the flexile 
bladder 168-1 is in a contracted (or unexpanded) state. 20 

Because a net density of the item 160-1 is greater than a 
density of the water within the frame 141, the item 160-1 
tumbles from the second end ofthe ingress unit 142 toward 

The depth sensor 176-1 may be any instrument that is 
configured to sense a depth of the item 160-1 and/or the 
depth control device 165-1, ora height of the item 160-1 
and/or the depth control device 165-1 from a bottom ofthe 
frame 141 ofthe aquatic storage facility 140, e.g., based on 
a pressure of the water, or by transmitting a sounding or 
other acoustic measurement to the bottom, or in any other 
manner. Alternatively, the depth control device 165-1 may 
also feature any number of other sensors for determining or 
sensing additional factors relating to a density of the water, 
including but not limited to temperature or salinity. The a bottom ofthe frame 141, where the plurality ofitems 160-n 

are also at rest. 25 control valve 178-lA may be configured to automatically 
regulate a pressure within the flexible bladder 168-1 and, 
therefore, a volume ofthe depth control device 165-1, e.g., 
by releasing air or other fluids into the flexible bladder 168-1 

Referring to FIG. lD, the item 160-1 is shown. The item 
160-1 includes a durable and waterproof container (or shell) 
162-1, the depth control device 165-1 and the flexible 
bladder 168-1. The container 162-1 may be formed from any 
suitably durable material, e.g., plastics, rubbers, metals, or, 30 

alternatively, wood, cardboard or paper containers that are 
treated with one or more sealants (e.g., acrylics, latex, 
enamels, polyurethanes, resins, or the like ). The depth 
control device 165-1 may be fixedly or releasably joined to 
the container 162-1 in any manner or by any means, such as 35 

by one or more adhesives (e.g., glues, tapes or pastes). The 
flexible bladder 168-1 may be formed from any suitably 
elastic and deformable materials such as rubbers or plastics 
or, alternatively, one or more woven or non-woven fabrics 
such as nylons or polyesters. In a contracted (or unex- 40 

panded) state, such as is shown in FIG. lD, the flexible 
bladder 168-1 may be drawn closely toan outer surface of 
a frame or other aspect of the depth control device 165-1. 

Referring to FIG. lE, the depth control device 165-1 
includes a GPS receiver 170-1, a hydrophone 172-1 or other 45 

acoustic listening device or component, a light 173-1 or 
other visual beacon, a transceiver 174-1 or other communi
cations device, a depth sensor 176-1, a ballast tank 177-1 
coupled to an externa! surface of the depth control device 
165-1 and a pair of control valves 178-lA, 178-lB, each of 50 

which may be automatically controlled, manipulated or 
utilized by a processor 175-1. For example, the GPS receiver 
170-1 may be configured to receive GPS signals from one or 
more orbiting GPS satellites 195, e.g., when ali or portions 
of the item 160-1 are on a surface of the water or at a shallow 55 

depth, and to provide such signals to the processor 175-1. 
The hydrophone 172-1 may be configured to monitor the 
water for any type or form of sounds, e.g., at any intensity 
or within any frequency spectra, including but not limited to 
tonals or series oftonals that are directed to the item 160-1 60 

from an attached compres sed air tank 171-1, or withdrawing 
air or other fluids from the flexible bladder 168-1, such as by 
venting the air or other fluids into the water within the frame 
141. The control valve 178-lB may be configured to auto
matically regulate an amount of water within the ballast tank 
177-1 and, therefore, a mass of the depth control device 
165-1, e.g., by pumping or charging water into the ballast 
tank 177-1 or pumping, draining or blowing water out of the 
ballast tank 177-1, as necessary. 

Referring to FIG. lF, the item 160-1 may receive instruc
tions by acoustic means, e.g., by transmitting an audible 
signa! from the transducer 154 provided in a sidewall ofthe 
frame 141. The audible signa! may include any number of 
tonals that are emitted into the water simultaneously or in 
series, such as a discrete checksum or other prefatory 
sequence indicating that tonals following thereafter include 
one or more instructions, as well as one or more instructions, 
and identifiers of items ( e.g., the item 160-1, or one or more 
of the items 160-n) to which the instructions are directed. 
For example, such instructions may identify a desired depth 
or height for the item 160-1, a desired pressure or volume of 
the flexible bladder 168-1, a desired mass or leve! ofwater 
in the ballast tank 177-1, a desired net density of the item 
160-1, a maximum rate of change in depth, height, pressure 
or density of the item 160-1, a time at which a change in 
depth, height, pressure or density of the item 160-1 1s 
desired, or any other relevant instruction. 

Referring to FIGS. lG and lH, the acoustic signa! is 
received by the hydrophone 172-1 within the depth control 
device 165-1, as the item 160-1 rests on a bottom of the 
frame 141 and/or one or more ofthe other items 160-n, with 
a density ofthe item 160-1 exceeding a density ofthe water 
within the aquatic storage facility. After the acoustic signa! 
is recognized and interpreted to include a predetermined 
instruction, e.g., to rise to a surface of the water within the 
frame 141, the depth control device 165-1 may cause the 

and include one or more discrete instructions. The hydro
phone 172-1 may be further configured to provide informa
tion or data regarding any sounds captured thereby to the 
processor 175-1. The light 173-1 or other visual beacon may 
be activated (e.g., illuminated), as necessary, thereby 
enhancing the visibility of the item 160-1 when the item 
160-1 is at or near the surface of the water within the frame 

65 flexible bladder 168-1 to inflate and expand in volume as is 
shown in FIG. lH, e.g., by injecting pressurized air from the 
compres sed air tank 171-1 into the flexible bladder 168-1 by 



US 9,624,034 Bl 
7 

way of the control valve 178-lA, thereby increasing a 
volume of the item 160-1 and lowering a net density of the 
item 160-1 accordingly. Altematively, or additionally, the 
depth control device 165-1 may cause any water within the 
ballast tank 177-1 to be pumped, drained or blown there
from, by way of the control valve 178-lB, thereby reducing 
a mass of the item 160-1 and lowering a net density of the 
item 160-1 accordingly. 

Referring to FIG. 11, the item 160-1 is shown as rising 
from the bottom ofthe frame 141 to the surface ofthe water 
within the aquatic storage facility 140. Referring to FIG. 11, 
the item 160-1 is shown at ornear a surface of the water, 
with a portian of the flexible bladder 168-1 extending above 
the surface, and with the light 173-1 illuminated. The item 
160-1 is floating in an upright manner, with the flexible 
bladder 168-1 ( e.g., the portian of the item 160-1 having the 
lowest density) vertically above a center of gravity of the 
item 160-1. The light 173-1 increases the visibility of the 
item 160-1 as the item 160-1 is floating at ornear the surface 
of the water. 

As is discussed above, items that have been deposited 
within an aquatic storage facility having water or another 
liquid medium therein may be laterally transported by one or 
more currents generated from natural and/or artificial 
sources. Such currents may be exploited to direct an item 
floating therein to one or more aspects ofthe aquatic storage 
facility. Referring to FIG. lK, the item 160-1 is being urged 
toward the egress unit 144 at ornear a surface ofthe water, 
subject to clockwise currents generated by the flow sources 
152-1, 152-3, 152-4. As is shown in FIG. lK, the flow source 
152-2 has been stopped, and the diverter arm 156 has swung 
away from a sidewall of the frame 141, and is aligned in 
parallel to the egress unit 144, in arder to further guide any 
objects therein toward the egress unit 144. 

8 
the basin or the other facility. In sorne embodiments, a 
cartridge or other device equipped with one or more hydro
phones or other acoustic sensors may be aflixed to an item 
or a container, and changes in density ( e.g., net changes in 
volume or in mass) of the item or the container may be 
triggered in response to an acoustic signa! emitted into liquid 
medium within a storage pool, basin or liquid-filled facility. 
Once the acoustic signa! is captured by a hydrophone or 
another acoustic sensor, the cartridge may expand or con-

10 tract in volume, or increase or decrease in mass, as necessary 
to effect a desired change in density. Moreover, the con
trolled ascent or descent of an item or a container bearing 
such a cartridge or device may be timed or coincided with 
an increase, a decrease, an initiation or an elimination of 

15 current flow within a vicinity of the item or the container, 
such that the item or container may be laterally positioned 
accordingly, as well. 

As is noted above, online marketplaces frequently utilize 
fulfillment centers (which are sometimes referred to as 

20 "distribution centers," "fulfillment and distribution centers," 
"warehouses," "shipment preparation facilities," "process
ing facilities," or like terms) in arder to facilitate the 
processing of orders for items and the delivery of shipments 
of ordered items to customers. A typical fulfillment center 

25 includes receiving stations or docks at which shipments of 
items may be received from carriers such as cars, trucks, 
trailers, freight cars, container ships or cargo aircraft (e.g., 
manned aircraft or unnianned aircraft, such as drones ), as 
well as one or more storage areas or regions having aisles, 

30 rows, bays, shelves, slots, bins, racks, tiers, bars, hooks, 
cubbies or other like storage means arranged in a fixed or 
flexible two-dimensional or three-dimensional architecture 
or layout. The various areas or regions of a fulfillment center 

As is shown in FIG. lL, the item 160-1 contacts a 35 

revolving surface ofthe egress unit 144, and is guided up the 
egress unit 144 thereby. As is shown in FIG. lM, the item 
160-1 has been removed from the water within the aquatic 
storage facility 140, and the flexible bladder 168-1 may be 
emptied, deflated or otherwise depressurized, e.g., by vent- 40 

ing the flexible bladder 168-1 to atmosphere, or recharging 
the fluid into another tank or vessel, such as the compressed 

are typically configured for access by human operators or 
machines, e.g., operator-driven vehicles such as fork lifts, as 
well as autonomous mobile robots, which may place items 
within such areas or regions upan the items' arrival, and 
retrieve the items from such areas or regions upan request. 

Despite their many advancements in efliciency, traditional 
fulfillment centers typically include vast amounts ofunused 
or underutilized space. For example, where a storage area or 
region of a fulfillment center includes a number of shelving 
units arranged in aisles or rows, the horizontal spaces 
between such aisles or rows must be reserved for travel by 

air tank 171-1. Altematively, or additionally, any water that 
may remain within the ballast tank 177-1 may be pumped, 
drained or blown therefrom after the item 160-1 has 45 humans on foot or by powered machines. Additionally, the 

vertical spaces between levels (e.g., shelves) ofthe shelving approached or reached the surface ofthe water, or while the 
item 160-1 is being removed from the water by the egress 
unit 144-1. The item 160-1 may then be handled in any 
manner, by a human and/or autonomous mobile robot, or by 
any other means, such as by routing the item 160-1 to any 50 

other destination ( e.g., a packing station or another storage 
area). 

units are usually sized and spaced on a nominal or standard 
basis, despite the wide disparity between the heights, widths, 
lengths, masses or other attributes of such items. 

During the Classical Era, the Greek scientist Archimedes 
is credited with discovering that a buoyant force supplied to 
an object that is immersed in a fluid, in whole or in part, is 
equal to a weight ofthe fluid displaced by the portian ofthe 
object immersed therein, and that this buoyant force is 

Accordingly, the present disclosure is directed to systems 
and methods for storing and retrieving items. By manipu
lating a density of an item ( or a container in which the item 
is stored) within a storage pool, a basin or another natural or 
man-made facility filled at least in part with a liquid, or 
initiating or exploiting current flow within the facility, an 
item may be vertically or laterally positioned within the 
facility, and stored or retrieved, as necessary. The items 
and/or containers may be configured with devices such as 
releasable cartridges that may automatically change in vol
ume or in mass, e.g., by expansion or contraction, or by 
taking on or expelling fluid therefrom, as necessary in arder 
to initiate vertical motion (orto halt vertical motion) of the 
items or containers, or to otherwise cause the items or 
containers to reach a desired depth within the storage pool, 

55 supplied ata center of gravity ofthe object. This discovery, 
which is now eponymously codified as Archimedes' prin
cipie, is the basis by which numerous aquatic vessels may 
remain afloat or, in the case of submersible vessels, sub
merged ata given depth. Whether an object will float or sink 

60 within a given fluid is typically determined based on a 
density of the object as compared to a density of the fluid. 

The systems and methods of the present disclosure are 
directed to storing items within bodies ofliquid (e.g., water) 
by selectively varying net densities of the items with respect 

65 to a density ofthe liquid. More specifically, embodiments of 
the present disclosure are directed to outfitting items ( or 
containers thereof) with cartridges or other devices or appa-
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ratuses that are configured to vary a net density ofthe items, 
e.g., by increasing or decreasing occupied volumes or 
masses of the items. When an item bearing such a device is 
placed within an artificial body of liquid such as a storage 
pool, or a natural body of liquid such as a pond, a lake, a 
river oran ocean, a depth within the liquid (ora height from 
a bottom) at which the item is stored may be selected by 
selectively varying a net density of the item using the device. 
For example, when the device is used to cause a net density 
of the item to exceed a density of the liquid, the item will 
begin to vertically descend within the liquid. When the 
device is used to cause the net density of the item to foil 
below the density of the liquid, the item will begin to 
vertically ascend within the liquid. When the device is used 
to cause the net density ofthe item to substantially equal the 
density of the liquid, the item will ultimately settle at a 
substantially constant depth within the liquid. 

In sorne embodiments, a lateral or horizontal position of 
an item within a body of liquid may be controlled based on 
current flows within the body of liquid. Such flows may be 
initiated using one or more flow sources, such as jets or other 
apparatuses for propelling or expelling liquid, or vacuum or 
suction ports or other apparatuses for withdrawing or suck
ing liquid. Additionally, an item may be guided within a 
body of liquid using one or more diverters or diversion 
apparatuses, which may be utilized to mechanically slow or 
stop a moving item, to impart motion in a given direction 
upan a stationary item, or in any other manner. 

The aquatic storage facilities of the present disclosure 
may include storage pools, basins or other structures of any 
size, shape or form, and having any dimension. For example, 
storage pools may be constructed in-ground or above
ground, and may include frames formed from a variety of 
materials including but not limited to concrete, cement, 
sand, wood or metals (e.g., steel, aluminum or others), and 
lined with or more liquid-impermeable layers of plastic, 
rubber or other materials. Additionally, the liquid placed 
within such storage pools may be water (e.g., fresh water or 
salt water), or any other mixtures or solutions, which may, 
but need not, include water as a solvent. Such liquids may 
be selected on any basis, including but not limited to 
thermal, mechanical or other properties ofthe liquid, or any 
other considerations. The liquids may be heated or cooled, 
as necessary, in arder to maintain the items therein at an 
appropriate temperature. Furthermore, in sorne embodi
ments, an aquatic storage facility may be a natural body of 
water, such as a lake, a pond, a bay, a sound, an ocean, an 
inlet, a fjord or a river. 

The aquatic storage facilities may be configured to manu
ally or automatically receive items therein, and to remove 
items therefrom, in any manner. For example, an aquatic 
storage facility may include any number of ingress units 
and/or egress units, including not only conveyors but also 
walls and weirs that are aligned to permit items to flow out 
ofthe aquatic storage facility, or one or more ramps or other 
like angled features. Moreover, items may be deposited into 
or retrieved from an aquatic storage facility by humans or 
other animals, autonomous mobile robots, watercraft (e.g., 
surface ships or submersibles ), aircraft ( e.g., manned aircraft 

10 
other mechanical system for initiating flow, as well as piping 
leading from the storage pool or like facility. The aquatic 
storage facilities may be incorporated into existing piped 
fluid systems, such as water works, oil pipelines or other 
systems for causing fluids to be transported from one 
location to another. For example, a storage pool or other like 
facility may be constructed as an offshoot, a branch or a 
derivative of a water supply system and configured to 
receive items from and discharge items to the water supply 

10 system. 
Additionally, the aquatic storage facilities of the present 

disclosure may include storage pools or like facilities that 
are filled with two or more liquids of different densities. In 
such embodiments, a liquid having a first density and a 

15 liquid having a second density will typically settle into 
discrete layers, with the top !ayer being a liquid having a 
lower density and the bottom !ayer being a liquid having a 
higher density. Two or more layers of liquids within a 
storage pool or other facility may be used for any reason. For 

20 example, a storage pool or other facility may include layers 
of liquids having densities that are selected in arder to 
control rates at which items ascend or descend through the 
respective layers, or amounts of volumetric expansion or 
contraction, or mass gain or loss, that are required in arder 

25 to cause their ascent or descent. Sorne common liquids that 
may be used in an aquatic storage facility may include pure 
water, which has a density of 1.0000 grams per cubic 
centimeter (g/cm3

) at four degrees Celsius (4º C.), as well as 
values ranging from 0.9718 to 0.9982 grams per cubic 

30 centimeter (g/cm3
) between twenty and eighty degrees Cel

sius (20-80º C.), or seawater, which as typical densities 
ranging from 1.020 to 1.029 grams per cubic centimeter 
(g/cm3

). Densities ofwater within an aquatic storage facility 
typically vary based on the local salinity, temperature, depth 

35 and pressure of the liquid, among other factors. Other liquids 
that may be used in an aquatic storage facility may include 
isopropyl alcohol, which has a density of approximately 
0.7854 grams per cubic centimeter (g/cm3

), or kerosene, 
which has a density of 0.790 to 0.810 grams per cubic 

40 centimeter (g/cm3
), and may inhibit any evaporation or 

exchange of oxygen therefrom. 
The aquatic storage facilities may also include one or 

more diverters or diversion systems in arder change a 
direction of travel of one or more items within liquid, or to 

45 cause such items to travel in an intended direction toward a 
desired destination. For example, a diverter may be used to 
direct an item from one location within an aquatic storage 
facility to another, or to remove or otherwise extricate an 
item from a body of liquid entirely. When used in concert 

50 with one or more jets or other flow sources, diverters may 
direct a floating item toward or away from a desired loca
tion, e.g., an egress unit. One such diverter may include a 
pusher diverter, which may physically move one or more 
items within water or another liquid toward (or away from) 

55 an egress unit or a flow of current generated by a jet, a 
vacuum or suction port, or another flow source. Any type of 
diverters or diversion systems may be utilized to interact 
with one or more floating items within an aquatic storage 
facility in accordance with the present disclosure. 

or unmanned aircraft, such as drones) or any other means. 60 Items may be stored within aquatic storage facilities in 
In sorne embodiments, the aquatic storage facilities ofthe 

present disclosure may be covered or exposed, and may 
include or comprise components of open or closed systems. 
For example, an ingress unit may include a pump or other 
mechanical system for initiating flow, as well as piping 
leading from the pump or other system to a storage pool or 
like facility. Likewise, an egress unit may include a pump or 

their native or original shells, packaging or other containers 
or, altematively, in one or more additional or supplemental 
waterproofed containers. Such containers may be formed 
from plastics, rubbers, metals, wood, cardboard or paper that 

65 may be treated as necessary (e.g., by one or more sealants 
such as acrylics, latex, enamels, polyurethanes, resins, or the 
like) to withstand conditions present within a body of liquid. 
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For example, where an item is sufficiently waterproof or 
liquid resistant, a depth control cartridge or like device may 
be releasably or fixedly joined to the item, and the item may 
be deposited in a body ofliquid. Alternatively, where an item 
is not sufficiently waterproof or liquid resistant, the item 
may be placed in a waterproof or liquid resistant container 
having a depth control cartridge or a like device affixed 
thereto, and deposited in a body of liquid. Items and/or 
containers that are stored within bodies of liquid may have 
any shape, size or form, and the range of items that may be 10 

stored within a body of liquid is not limited. 
The depth control devices (e.g., cartridges) ofthe present 

disclosure are apparatuses or other components that may be 
applied, affixed or adhered to an item, or otherwise physi
cally associated with the item, and configured to vary a 15 

density ofthe item when the item is deposited within a body 
of liquid. For example, depth control devices may be per
manently or releasably joined or bound to an item or a 
container using waterproof or liquid resistant tapes, glues, 
pastes, cements or other adhesives, or by one or more bands 20 

of plastic, rubber, metal or the like. In sorne embodiments, 
a depth control device may have a shape or a size that 
enables the depth control device to be readily mated to an 
item or a container, e.g., to one or more flat, rounded or 
correspondingly angled or shaped surfaces of the item or the 25 

container. In sorne other embodiments, a container may be 
formed with a depth control device integrated therein. 

Moreover, a depth control device of the present disclosure 
may include any number of components for causing a mass 
or a volume of the depth control device to vary as desired. 30 

For example, referring again to the depth control device 
165-1 shown in FIG. lE, a depth control device may include 
any number of components such as tanks or val ves ( e.g., the 
compres sed air tank 171-1 and the control valve 178-lA) for 
ejecting air or other fluids into an expansion volume, such as 35 

the bladder 168-1, or releasing air or other fluids therefrom. 
Alternatively, the depth control devices may include 
reagents or fuels for initiating a chemical reaction (e.g., an 
exothermic reaction, or a pyrotechnic reaction) that causes a 
change in density of the depth control devices. The depth 40 

control devices may also include any number of tanks or 
val ves ( e.g., the control val ve 178-lB) for pumping water or 
other liquids into a tank, such as the ballast tank 177-1, or 
pumping, draining or blowing liquids therefrom. In sorne 
embodiments, a depth control device may include a com- 45 

pressed air source, e.g., the compressed air tank 171-1, that 
is aligned to blow air into an expansion volume, such as the 
bladder 168-1, and also to blow water out ofa tank, such as 
the ballast tank 171-1, thereby enabling the depth control 
device to reduce its density by increasing in volume or 50 

decreasing in mass, respectively. The depth control devices 
may further include one or more computer devices or 
components, communications devices or systems, or any 
type or form of sensor. In sorne embodiments, depth control 
devices may be configured for use and reuse on multiple 55 

occasions, e.g., in association with a single item or container, 
or reused on multiple items or containers. Alternatively, the 
depth control devices may be configured for a single use, 
e.g., including one or more components that may perma
nently or semi-permanently vary a mass or a volume of an 60 

item or container to which the depth control device is affixed 
on just one occasion. 

12 
and/or analog data over one or more networks. A depth 
control device may further include one or more hydrophones 
and/or transducers for emitting or radiating acoustic signals 
into a liquid within an aquatic storage facility, or capturing 
and interpreting acoustic signals that are emitted or radiated 
into the liquid. For example, when an item bearing a depth 
control device is partially or entirely submerged, an acoustic 
signa! including one or more instructions for the item may 
be transmitted to the depth control device. Such instructions 
may include a desired depth or height within the aquatic 
storage facility for the item, ora desired density for the item 
within a liquid of the aquatic storage facility. U pon receiving 
such instructions, the depth control device may transmit one 
or more acoustic signals in response. Such signals may 
indicate that the depth control device has received the 
acoustic signals and is responding thereto, or otherwise 
include any relevant information. When the item approaches 
or reaches a surface of a liquid within an aquatic storage 
facility, the depth control device may transmit and/or receive 
one or more messages from any externa! computer devices 
or systems, e.g., over a network, or any other relevant 
information or data. The depth control devices may be 
specifically progranmied with any information or data 
regarding the items to which such devices are affixed, the 
aquatic storage facility into which the item is to be depos
ited, or any other relevant information or data. 

The depth control devices of the present disclosure may 
be heterogeneous in nature, and may take any size, shape or 
form. For example, the depth control devices may be rect
angular in shape, such as the depth control device 165-1 of 
FIGS. lA through lM, or may be disc-shaped, cylindrical, 
pyramidal, triangular, trapezoidal or in any other shape or 
form. Additionally, a depth control device may include any 
number or type of components that may be selected based on 
any attributes ofthe items to which the depth control device 
is to be affixed. In sorne embodiments, where an item or 
container has a net density that is greater than a density of 
a liquid into which the item is to be stored, a depth control 
device having one or more expandable volumes (e.g., blad
ders) may be affixed thereto, and a depth or height of the 
depth control device may be selected by manipulating a 
pressure within the expandable volume. In other embodi
ments, where an item or container has a net density that is 
less than a density of a liquid into which the item is to be 
stored, a depth control device having one or more ballast 
tanks may be affixed thereto, and a depth or height of the 
depth control device may be selected by varying a mass of 
the liquid that is received within such ballast tanks. In still 
other embodiments, a depth control device may feature one 
or more expandable volumes and also one or more ballast 
tanks, and a depth or a height of the depth control device 
may be selected by manipulating both a pressure within the 
expandable volumes anda mass ofthe liquid that is received 
within the ballast tanks. Additionally, two or more depth 
control devices may be affixed to a given item, and operated 
independently or in concert ( e.g., by any number of control 
val ves or other components) to vary a net density of the 
items or the containers to which each is affixed, and to select 
a depth or a height of the depth control device thereby. 

In sorne embodiments of the present disclosure, an arder 
may be received for an item that is stored within an aquatic 
storage facility ( e.g., a storage pool, a basin or another 
natural or artificial facility) and includes a depth control 
cartridge or other like device for controlling a depth or 

A depth control device of the present disclosure may be 
further configured to communicate in any manner with one 
or more externa! computer devices or systems. For example, 
a depth control device may include a transceiver or other 
communications device for sending and receiving digital 

65 height of the item within the aquatic storage facility affixed 
thereto. Upan receiving the arder, and determining that the 
item is stored within the aquatic storage facility, an acoustic 
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signa! including an instruction to change a net density ofthe 
item may be transmitted to the depth control cartridge. In 
response to the instruction, the depth control cartridge may 
change the net density of the item, e.g., by pressurizing and 
inflating or depressurizing and deflating a flexible bladder or 
other expansion volume provided thereon, or by pumping or 
blowing liquid into or out of a tank provided therein. 
Additionally, a flow may be induced within the aquatic 
storage facility by one or more jets, vacuum or suction ports, 
or other like devices in arder to cause the item to be urged 
toward an egress unit, by which the item may be removed 
from the aquatic storage facility. 

In sorne other embodiments of the present disclosure, a set 
of items, each bearing depth control devices, may be depos
ited into a storage pool or other aquatic storage facility based 
on a known demand for the items. A schedule may be 
established for causing the items to be removed from the 
storage pool based on the demand. In accordance with the 
schedule, one or more ofthe items may be elevated from the 
storage pool, e.g., by causing a net density of the items to foil 
below a density ofwater or another liquid within the aquatic 
storage facility, in response to one or more acoustic signals, 
or in accordance with a predetermined schedule. 

In still other embodiments ofthe present disclosure, items 
bearing depth control devices may be selectively stored at 
various depths of an aquatic storage facility. The depth 
control devices may be configured to calculate or otherwise 
determine a density of a liquid within the aquatic storage 
facility, and vary a net density ofthe items in arder to cause 
the items to reach a desired depth from a surface of the 
liquid, or a height from a bottom of the acoustic storage 
facility. The depth control devices may be pre-programmed 
with attributes of the items to which each of the devices is 
aflixed, e.g., dimensions, masses, volumes or contents ofthe 
items, and the extent to which the net densities of the items 
should be changed in arder to cause the items to reach a 
specific depth may be determined accordingly. 

Referring to FIGS. 2A and 2B, block diagrams of com
ponents of one embodiment of a system 200 including an 
aquatic storage facility in accordance with the present dis
closure are shown. The system 200 includes a marketplace 
210, a vendar 220, an aquatic fulfillment center 230 and a 
customer 280 that are connected to one another across a 
network 290, such as the Internet. Except where otherwise 
noted, reference numerals preceded by the number "2" 
shown in FIG. 2A or FIG. 2B indicate components or 
features that are similar to components or features having 
reference numerals preceded by the number "1" shown in 
FIGS. lA through lM. 

The marketplace 210 may be any entity or individual that 
wishes to make items from a variety of sources ( e.g., 
manufacturers, merchants, sellers or vendors) available for 
download, purchase, rent, lease or borrowing by customers 
using a networked computer infrastructure, including one or 
more physical computer servers 212 and data bases ( or other 
data stores) 214 for hosting a web site 216. The marketplace 
210 may be physically or virtually associated with one or 
more storage or distribution facilities, including but not 
limited to the aquatic fulfillment center 230, as well as one 
or more other fulfillment centers (not shown), including but 
not limited to traditional fulfillment centers, as well as one 
or more other embodiments of aquatic fulfillment centers 
disclosed herein. The web site 216 may be implemented 
using the one or more servers 212, which connect or 
otherwise communicate with the one or more databases 214 
as well as the network 290, as indicated by line 218, through 
the sending and receiving of digital data. The servers 212 

14 
may cause the display of information associated with the 
web site 216 in any manner, e.g., by transmitting code such 
as Hypertext Markup Language (HTML) over the network 
290 to another computing device that may be configured to 
generate and render the information into one or more pages 
orto cause a display of such pages on a computer display of 
any kind. Moreover, the database 214 may include any type 
of information regarding items that have been made avail
able for sale through the marketplace 210, or ordered by 

10 customers (e.g., the customer 280) from the marketplace 
210. The servers 212 may further execute any type of 
computer-based function or compute any type or form of 
calculation, including but not limited to any formulas, 
equations, algorithms or techniques for determining one or 

15 more probabilities or performing any number of statistical 
tests. 

The vendar 220 may be any entity or individual that 
intends to make one or more items available to customers, 
such as the customer 280, by way of the marketplace 210. 

20 The vendar 220 may operate one or more arder processing 
and/or communication systems using a computing device 
such as a laptop computer 222 (as well as a tablet computer, 
a smartphone, a desktop computer or any other type or form 
of computing device) and/or software applications such as a 

25 browser 224, which may be implemented through one or 
more computing machines that may be connected to the 
network 290, as is indicated by line 228, in arder to transmit 
or receive information regarding one or more items to be 
made available at the marketplace 210, in the form of digital 

30 or analog data, or for any other purpose. 
The vendar 220 may deliver one or more items to one or 

more designated facilities maintained by or on behalf ofthe 
marketplace 210, such as the aquatic fulfillment center 230, 
one or more other fulfillment centers or other destinations 

35 (not shown), or a location specified by the customer 280. 
Additionally, the vendar 220 may receive one or more items 
from manufacturers, merchants, sellers or other vendors (not 
shown), and may deliver one or more of such items to 
locations designated by the marketplace 210, such as the 

40 aquatic fulfillment center 230, for fulfillment and distribu
tion to customers, or to the customer 280 directly. Further
more, the vendar 220 may perform multiple functions. For 
example, the vendar 220 may also be a manufacturer, a 
merchant ora seller of one or more other items, and may also 

45 offer items for purchase by customers at venues (not shown) 
other than the marketplace 210. Additionally, items that are 
made available at the marketplace 210 or ordered therefrom 
by customers may be made by or obtained from one or more 
third party sources, other than the vendar 220, or from any 

50 other source (not shown). Moreover, the marketplace 210 
itself may be, or may be operated by, a manufacturer, a 
merchant, a seller or a vendar. 

The aquatic fulfillment center 230 may be any facility that 
is adapted to receive and store items within a body of liquid 

55 medium, process orders for such items, and distribute such 
items from the body of liquid medium, on behalf of the 
marketplace 210. As is shown in FIG. 2A and FIG. 2B, the 
aquatic fulfillment center 230 includes a networked com
puter infrastructure for performing various computer-related 

60 functions associated with the receipt, storage, processing 
and distribution of such items, including one or more 
physical computer servers 232, databases (or other data 
stores) 234 and processors 236, that may be provided in the 
same physical location as the aquatic fulfillment center 230, 

65 or in one or more alternate or virtual locations, e.g., in a 
"cloud"-based environment. The aquatic fulfillment center 
230 may also include stations for receiving, storing and 
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distributing items to customers, such as one or more receiv
ing stations, storage areas and distribution stations. The 
aquatic fulfillment center 230 further includes a storage pool 
240 having at least one item 260 bearing a depth control 
cartridge ( or other like depth control device) 265 therein. 

The storage pool 240 may be any natural or artificial 
basin, cavity, chamber or other opening capable of accom
modating a liquid medium (e.g., water) therein. For 
example, the storage pool 240 may be a man-made structure 
having one or more sidewalls, bottoms or other structural 
features or, alternatively, a natural formation. The storage 
pool 240 may include any number of components for 
receiving or removing items from a body of liquid, inducing 
or inhibiting current flow within the body of liquid, or 
providing underwater communications with items within the 
body of liquid. As is shown in FIG. 2B, the storage pool 
includes one or more ingress units 242, one or more egress 
units 244, one or more flow sources 252, one or more sonar 
transducers 254 and one or more diverters 256, each of 
which is in communication with one or more controllers 
250. 

16 
ingress unit 242, and a single box corresponding to one 
egress unit 244, those of ordinary skill in the pertinent arts 
will recognize that the storage pool 240 may include any 
number or type of ingress units or egress units in accordance 
with the present disclosure. Moreover, such ingress units 
242 and such egress units 244 may be aligned or configured 
in any manner or location within the storage pool 240. 

The flow source 252 may be any device or component for 
initiating or inhibiting a flow of a liquid within the storage 

10 pool 240. For example, in sorne embodiments, the flow 
source 252 may be a jet or other liquid expulsion apparatus 
for expelling or propelling the liquid, or a vacuum and/or 
suction port or other suction apparatus for drawing in the 
liquid, thereby creating one or more local currents in the 

15 liquid within a vicinity ofthe flow source 252. Alternatively, 
where the storage pool 240 is a natural body of water, one 
or more flow sources may be either natural or artificial in 
nature. For example, such a storage pool 240 may receive a 
body of water from natural watercourses ( e.g., rivers, 

20 streams and the like) or atmospheric sources (e.g., rainfall), 
and also from one or more artificial sources, such as dams 
or other reservoirs. The ingress units 242 and the egress units 244 may be any 

systems or components configured to deposit or deliver an 
item into the storage pool 240 or retrieving an item there
from. In sorne embodiments, such as the aquatic storage 
facility 140 shown in FIGS. lA through lM, the ingress 
units 242 or the egress units 244 may comprise one or more 
powered or powerless conveyors that are provided for 
transporting items ofvarying sizes and shapes into or out of 
the storage pool, and include any number of machines or 
elements for causing the motion or translation of such items 
from one location to another. The ingress units 242 and/or 
the egress units 244 may include any form of mover, 
including but not limited to belts, chains, screws, tracks or 
rollers, that may drive such machines or elements, as well as 
any number of carriers for transporting such items on or 
within the ingress units 242 and/or the egress units 244. 
Such machines or elements may further include one or more 
pulleys, shafts, hubs, bushings, sprockets, bearings and other 
elements for causing a movement of the ingress units 242 
and/or the egress units 244. Further, the ingress units 242 
and/or the egress units 244 may transfer items from one or 
more static or dynamic conveying apparatuses into the 
storage pool 240, or may remove items from the storage pool 
into one or more static or dynamic conveying apparatuses, 45 

which may include one or more machines or elements such 

The diverter 256 may be any component or machine for 
imparting motion upan or accelerating an object in a liquid 

25 within the storage pool 240, or for slowing or stopping an 
item in motion in the liquid within the storage pool 240, in 
other manner. The diverter 255 may include any form of 
pusher di verter, swinging arm diverter, or any other structure 
configured to automatically contact an item in liquid within 

30 the storage pool 240, at any depth or height. Any type of 
diverters 256 or diversion systems may be utilized within 
storage pools in accordance with the present disclosure. 

Although the aquatic fulfillment center 230 of FIG. 2A 
and FIG. 2B includes a single box corresponding to one flow 

35 source 252, and a single box corresponding to one diverter 
256, those of ordinary skill in the pertinent arts will recog
nize that the storage pool 240 may include any number or 
type of flow sources or diverters in accordance with the 
present disclosure. Moreover, such flow sources 252 and 

40 diverters 256 may be aligned or configured in any orienta
tion with respect to the liquid within the storage pool 240, 
and may be operated singly or in concert to initiate, increase, 
decrease or inhibit any net or local current flows within the 
liquid. 

The sonar transducer 254 may be any device for convert-
ing electrical signals into acoustic signals ( e.g., pulses, tones 
or pings) that are emitted or radiated into liquid within the 
storage pool 240. In sorne embodiments, the sonar trans
ducer 254 may include any number of signa! generators, 

as a bin, a chute, a cart, a truck or another like apparatus. 
Alternatively, the ingress units 242 and/or the egress units 

244 may include one or more humans, e.g., staff members, 
who may manually place items within the storage pool 240, 
or retrieve items from the storage pool 240. In sorne embodi
ments, one or more of the ingress units 242 and/or the egress 
units 244 may be a trained canine, equine or any other 
animal. The ingress units 242 and/or the egress units 244 
may also feature one or more human-operated or autono
mous machines, including but not limited to vehicles ( e.g., 
trucks or forklifts ), autonomous mo bile robots, watercraft, 
aircraft ( e.g., manned or urnnanned aerial vehicles, such as 
drones) or any other machine. In sorne embodiments, such 
as the aquatic storage facility 140 ofFIGS. lA through lM, 
the ingress units 242 and the egress units 244 may be similar 
systems or may operate in a similar manner. In other 
embodiments, the ingress units 242 and the egress units 244 
may be different systems, or may operate in different man
ners. 

Although the aquatic fulfillment center 230 of FIG. 2A 
and FIG. 2B includes a single box corresponding to one 

50 amplifiers, conductors, coils, membranes, terminals, insula
tion or other materials or components for emitting or radi
ating acoustic signals into liquids at any intensity and within 
any frequency spectra, as desired. In sorne other embodi
ments, the sonar transducer 254 may further include one or 

55 more beamformers for generating the acoustic signals in a 
beam and emitting or radiating the beam in any pattern and 
in any desired direction. For example, the sonar transducer 
254 may be an electrodynamic transducer, an ultrasonic 
transducer, a Tonpilz sonar transducer, or any other appara-

60 tus or machine for generating and emitting or radiating 
acoustic signals into the liquid within the storage pool 240. 

Although the aquatic fulfillment center 230 of FIGS. 2A 
and 2B includes a single box corresponding to a single sonar 
transducer 254, those of ordinary skill in the pertinent arts 

65 will recognize that the storage pool 240 may include any 
number or type of sonar transducers that are aligned to emit 
or radiate sounds at any intensity and within any frequency 
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spectra in accordance with the present disclosure. For 
example, a storage pool may include a plurality of sonar 
transducers that are mounted or otherwise arranged in an 
array and configured to emit or radiate unique signals, or 
identical signals, at any intensity or within any frequency 
spectra. Altematively, a storage pool may include a plurality 
of sonar transducers, each ofwhich is configured to emit or 
radiate acoustic signals within a discrete intensity range of 
a single frequency spectrum. 

The controller 250 may be any type or form of electronic 
device or system configured to control the operation of one 

18 
greater than, less than, or equal to a density of the liquid 
within the storage pool 240, as desired. 

The depth control cartridge 265 ( or other depth control 
device) may be any system component that may be applied, 
aflixed or adhered to the item 260, or otherwise physically 
associated with the item with the item 260, and configured 
to selectively vary a net density ofthe item 260 with respect 
to a density of a liquid within the storage pool 240. As is 
discussed above with regard to FIG. lE, the depth control 

10 cartridge 265 includes a GPS receiver 270, one or more 
hydrophones 272, one or more lights 273, a transceiver 274, 
a computer processor 275, a depth sensor 276 and one or 
more control valves 278. or more ofthe ingress unit 242, the egress unit 244, the flow 

source 252, the sonar transducer 254 or the diverter 256, or 
any other aspect of operations within the aquatic fulfillment 

15 
center 230. The controller 250 may be in communication 
with one or more humans or machines within the aquatic 
fulfillment center 230, or the various facilities and other 
components of the aquatic fulfillment center 230. The con
troller 250 may also be associated with one or more other 20 

computing devices or machines, and may communicate with 
the marketplace 210, the vendar 220 or the customer 280 
over the network 290, as indicated by line 238, through the 
sending and receiving of digital data. 

The GPS receiver 270 is used to determine a position of 
the depth control cartridge 265 based on signals received 
from one or more GPS satellites 295. The hydrophones 272 
or other acoustic receivers are used to capture acoustic data 
from the liquid within the storage pool 240 or above a 
surface of the liquid. The light 273 is used to increase the 
visibility of the item 260 or the depth control cartridge 265 
when the item 260 is at or near a surface of a liquid within 
the storage pool 240, or at any depth. For example, the light 
273 may include one or more light-emitting diodes ("LED"), 
incandescent light bulbs, fluorescent light bulbs (linear or 
compact), halogen light bulbs or any other source oflight, in 
any color, frequency or intensity. The transceiver 27 4 is used 

The controller 250 may generate instructions or com- 25 

mands based on information received from the item 160 
and/or the depth control cartridge 265, or information 
received from one or more of the server 212, the laptop 
computer 222, the server 232 or any other externa! comput
ing device via the network 290. For example, the controller 
250 may transmit one or more control signals to systems or 
components associated with the ingress unit 242 and/or the 
egress unit 244, the flow source 252, the sonar transducer 
254 or the diverter 256, and receive one or more signals in 
response from such components. The controller 250 may be 
associated with any form of motors, power sources, circuits, 
generators, amplifiers and/or beamformers or other compo
nents for operating the various machines or apparatuses 
within the aquatic fulfillment center 230, including but not 
limited to the ingress unit 242, the egress unit 244, the flow 
source 252, the sonar transducer 254 or the diverter 256. In 
sorne embodiments, the controller 250 may generate instruc
tions or commands for any auxiliary systems (not shown) 
associated with the aquatic fulfillment center 230 and/or the 
storage pool 240, including but not limited to any lighting 
systems, imaging devices or other sensors, communications 
systems, security systems or climate control systems ( e.g., 
for maintaining a temperature of a liquid within the storage 
pool 240 or an environment in which the storage pool 240 
is located), as well as any workers or autonomous mobile 
robots within the aquatic fulfillment center 230. 

The item 260 may be any object, including but not limited 
to a consumer good, that is intended for storage within the 
storage pool 240 with one or more depth control cartridges 
265 associated therewith. The item 260 may be of any type, 
shape, size or form, and may be stored within the storage 
pool 260 in its native packaging or, altematively, in a 
waterproof or liquid-resistant container. Although the 
aquatic fulfillment center 230 of FIGS. 2A and 2B includes 
a single box corresponding to a single item 260 within the 
storage pool 240, and a single box corresponding to a single 
depth control cartridge 265 joined thereto, those of ordinary 
skill in the pertinent arts will recognize that the storage pool 
240 may include any number or type of items that may be 
accommodated within a volume ofthe storage pool 240, and 
any number or type of depth control cartridges joined thereto 
that may be selectively adapted to have a net density that is 

to communicate with one or more externa! computer 
devices, e.g., over the network 290. In sorne embodiments, 
the acoustic data captured by the hydrophone 272 may 

30 include one or more pulses, tones or pings, or other tonals or 
series of tonals, that may carry one or more instructions for 
changing a depth or height of the item 260 by increasing or 
decreasing a net mass ora net volume ofthe item 260, and 
varying a net density ofthe item 260 accordingly. The depth 

35 sensor 276 is used to determine a depth ofthe depth control 
cartridge 265 in the liquid within the storage pool 240, or a 
distance from a bottom ofthe storage pool 240. The control 
valves 278 may be operated in arder to increase or decrease 
a net density of the item 260, such as by charging air or 

40 another lightweight fluid into a flexible bladder or other 
expanda ble volume or relieving fluid therefrom ( e.g., to 
increase or decrease a net volume of the item 260), or by 
taking in at least sorne of the liquid within the storage pool 
240 into a ballast tank or other onboard reservoir, or dis-

45 charging liquid to the storage pool 240 ( e.g., to increase or 
decrease a net mass ofthe item 260) from the ballast tank or 
other reservoir. 

Each of the GPS receiver 270, the hydrophone 272, the 
light 273, the transceiver 274, the depth sensor 276 and the 

50 control valve 278 may be in communication with the pro
cessor 275, and may operate under control ofthe processor 
275 in response to one or more instructions or commands. 
Moreover, two or more ofthe devices or components ofthe 
depth control cartridge 265 may be embodied in the same 

55 device or component. For example, the transceiver 274 may 
be a cellular transceiver that may also be used to determine 
a position ofthe depth control cartridge 265, e.g., by cellular 
triangulation. The hydrophone 272 may also include a 
transducer for emitting or radiating sounds into a liquid, e.g., 

60 an acknowledgment to an acoustic signa! received thereby. 
Moreover, the depth control cartridge 265 may further 
include any other type or form of position sensor, acoustic 
sensor, environmental sensor (e. g., thermometers, salinity 
sensors, current sensors) or any other components for vary-

65 ing a net mass and/or a net volume of the item 260, or for 
changing a vertical and/or horizontal position of the item 
260. 
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The aquatic fulfillment center 230 may al so include one or 
more workers, staff members or associates (not shown), who 
may be any designated personnel charged with performing 
one or more tasks within the aquatic fulfillment center 230. 
For example, the workers may handle or transport items 
(e.g., any type or form of good, product, media or other 
tangible consumer article) within the aquatic fulfillment 
center 230, such as by depositing one or more items into the 
storage pool 240 or retrieving one or more items from the 
storage pool 240, or affix one or more depth control car- 10 

tridges 265 to the item 260 prior to depositing the item 260 
into the storage pool 240. The workers may also operate one 
or more pieces of equipment therein, and perform any 
maintenance on any automatic machines or components 
associated with the aquatic fulfillment center 230, e.g., the 15 

ingress unit 242 and/or the egress unit 244, the flow sources 
252, the sonar transducer 254 or the diverter 256. The 
workers may also maintain a proper chemical balance ofthe 
liquid within the storage pool 240, such as by taking one or 
more samples of the liquid (e.g., pH samples, phosphates, 20 

carbonates or the like ), and may add one or more salutes or 
other chemicals to the storage pool 240, or drain and refill 
the storage pool 240 as necessary. The workers may also 
operate one or more computing devices or machines for 
registering the receipt, retrieval, transportation or storage of 25 

items at the aquatic fulfillment center 230, including a 
computing device that is specifically programmed or con
figured for such purposes, or a general purpose device such 
a personal digital assistant, a digital media player, a smart
phone, a tablet computer, a desktop computer or a laptop 30 

computer (not shown), which may include any form of input 
and/or output peripherals such as scanners, readers, key
boards, keypads, touchscreens or like devices. 

For example, the aquatic fulfillment center 230 may 
include or operate one or more arder processing and/or 35 

communication systems using computer devices in commu
nication with one or more ofthe server 232, the database 234 
and/or the processor 236, or through one or more other 
computing devices or machines that may be connected to the 
network 290, as is indicated by line 238, in arder to transmit 40 

or receive information in the form of digital or analog data, 
or for any other purpose. Such computer devices or 
machines may al so operate or provide access to one or more 
reporting systems for receiving or displaying information or 
data regarding workflow operations, and may provide one or 45 

more interfaces for receiving interactions ( e.g., text, numeric 
entries or selections) from one or more operators, users or 
workers in response to such information or data. 

Additionally, as is discussed above, the aquatic fulfillment 
center 230 may include one or more receiving stations 50 

featuring any apparatuses that may be required in arder to 
receive shipments of items at the aquatic fulfillment center 
230 from one or more sources and/or through one or more 
channels, including but not limited to docks, lifts, cranes, 
jacks, belts or other conveying apparatuses for obtaining 55 

items and/or shipments of items from carriers such as cars, 
trucks, trailers, freight cars, container ships or cargo aircraft 
(e. g., marmed aircraft or urnnanned aircraft, su ch as drones ), 
and preparing such items for storage within the liquid ofthe 
storage pool 240. The aquatic fulfillment center 230 may 60 

further include one or more distribution stations where items 
that have been retrieved from the storage pool 240 may be 
evaluated, prepared and packed for delivery from the aquatic 
fulfillment center 230 to addresses, locations or destinations 
specified by customers, also by way of carriers such as cars, 65 

trucks, trailers, freight cars, container ships or cargo aircraft 
( e.g., marmed aircraft or urnnanned aircraft, such as drones ). 

20 
Alternatively, an item received at a receiving station of the 
aquatic fulfillment center 230 may be transferred directly to 
a distribution station for further processing, or "cross
docked," without first being placed into the storage pool 
240. 

The customer 280 may be any entity or individual that 
wishes to download, purchase, rent, lease, borrow or other
wise obtain items ( e.g., goods, products, services or infor
mation of any type or form) from the marketplace 210. The 
customer 280 may utilize one or more computing devices, 
such as a smartphone 282 or any other like machine that may 
operate or access one or more software applications, such as 
a web browser (not shown) or a shopping application 284, 
and may be connected to or otherwise communicate with the 
marketplace 210, the vendar 220 or the aquatic fulfillment 
center 230 through the network 290, as indicated by line 
288, by the transmission and receipt of digital data. More
over, the customer 280 may also receive deliveries or 
shipments of one or more items from facilities maintained 
by or on behalf ofthe marketplace 210, such as the aquatic 
fulfillment center 230, or from the vendar 220. 

The computers, servers, devices and the like described 
herein have the necessary electronics, software, memory, 
storage, databases, firmware, logic/state machines, micro
processors, communication links, displays or other visual or 
audio user interfaces, printing devices, and any other input/ 
output interfaces to provide any of the functions or services 
described herein and/or achieve the results described herein. 
Also, those of ordinary skill in the pertinent art will recog
nize that users of such computers, servers, devices and the 
like may operate a keyboard, keypad, mouse, stylus, touch 
screen, or other device (not shown) or method (e.g., speech 
recognition or gesture recognition devices or techniques) to 
interact with the computers, servers, devices and the like, or 
to "select" an item, link, nade, hub or any other aspect ofthe 
present disclosure. 

Those of ordinary skill in the pertinent arts will under
stand that process steps described herein as being performed 
by a "marketplace," a "vendar," an "aquatic fulfillment 
center," a "worker," or a "customer," or like terms, may be 
automated steps performed by their respective computer 
systems, or implemented within software modules (or com
puter programs) executed by one or more general purpose 
computers. Moreover, those of ordinary skill in the pertinent 
arts would recognize that references to process steps or 
actions described herein as being performed by or relating to 
a "vendar" could also be performed by or relate to a 
manufacturer, a merchant or a seller, or another source of 
items. Those of ordinary skill in the pertinent arts would also 
recognize that process steps described as being performed 
by a "marketplace," a "vendar," an "aquatic fulfillment 
center," a "worker," or a "customer" may be typically 
performed by a human operator, but could, alternatively, be 
performed by an automated agent. 

The marketplace 210, the vendar 220, the aquatic fulfill
ment center 230 and/or the customer 280 may use any 
web-enabled or Internet applications or features, or any 
other client-server applications or features including elec
tronic mail (or E-mail), or other messaging techniques, to 
connect to the network 290 or to communicate with one 
another, such as through short or multimedia messaging 
service (SMS or MMS) text messages, Bluetooth or near
field communication techniques. For example, the server 
232 may be adapted to transmit information or data in the 
form of synchronous or asynchronous messages from the 
aquatic fulfillment center 230 to the server 212, the laptop 
computer 222, a desktop computer, the depth control car-



US 9,624,034 Bl 
21 22 

tridge 265, the smartphone 282 or any other computer device 
in real time or in near-real time, or in one or more ofiline 
processes, via the network 290. Those of ordinary skill in the 
pertinent art would recognize that the marketplace 210, the 
vendar 220, the aquatic fulfillment center 230 or the cus
tomer 280 may operate any of a number of computing 
devices that are capa ble of communicating over the network, 
including but not limited to set-top boxes, personal digital 
assistants, digital media players, web pads, laptop comput
ers, desktop computers, electronic book readers, and the 10 

like. The protocols and components for providing commu
nication between such devices are well known to those 
skilled in the art of computer communications and need not 

books or other printed documents in a temperature-con
trolled environment, and to selectively retrieve items there
from, as desired. 

Referring to FIG. 3, a flow chart 300 of one process for 
retrieving an item from an aquatic storage facility in accor
dance with the present disclosure is shown. At box 310, an 
arder is received for an item bearing a depth control car
tridge ( or other depth control device) that is maintained in a 
storage pool at an aquatic fulfillment center. For example, 
the arder may be received by an online marketplace from a 
customer who accessed one or more web pages or dedicated 
shopping applications associated with the online market
place, and searched or browsed for one or more items prior 
to placing the arder. Upan receiving the arder, the online 

be described in more detail herein. 
The data and/or computer executable instructions, pro

grams, firmware, software and the like (also referred to 
herein as "computer executable" components) described 
herein may be stored on a computer-readable medium that is 
within or accessible by computers or computer components 
such as the server 212, the laptop computer 222, the server 
232, the processor 275 or the smartphone 282, or any other 
computers or control systems utilized by the marketplace 
210, the vendar 220, the aquatic fulfillment center 230 or the 
customer 280 and having sequences of instructions which, 
when executed by a processor (e.g., a central processing 
unit, or "CPU"), cause the processor to perform ali or a 
portian of the functions, services and/or methods described 
herein. Such computer executable instructions, programs, 
software and the like may be loaded into the memory of one 
or more computers using a drive mechanism associated with 
the computer readable medium, such as a floppy drive, 
CD-ROM drive, DVD-ROM drive, network interface, or the 
like, or via externa! connections. 

Sorne embodiments of the systems and methods of the 
present disclosure may also be provided as a computer 
executable program product including a non-transitory 
machine-readable storage medium having stored thereon 
instructions (in compres sed or uncompressed form) that may 
be used to program a computer ( or other electronic device) 
to perform processes or methods described herein. The 
machine-readable storage medium may include, but is not 
limited to, hard drives, floppy diskettes, optical disks, CD
ROMs, DVDs, ROMs, RAMs, erasable programmable 
ROMs ("EPROM"), electrically erasable programmable 
ROMs ("EEPROM"), flash memory, magnetic or optical 
cards, solid-state memory devices, or other types of media/ 
machine-readable medium that may be suitable for storing 
electronic instructions. Further, embodiments may also be 
provided as a computer executable program product that 
includes a transitory machine-readable signa! (in com
pressed or uncompressed form). Examples of machine
readable signals, whether modulated using a carrier or not, 
may include, but are not limited to, signals that a computer 
system or machine hosting or running a computer program 
can be configured to access, or including signals that may be 
downloaded through the Internet or other networks. 

15 marketplace may determine that the item, e.g., the item 
160-1 or one or more ofthe items 160-n shown in FIG. lC, 
is stored within a storage pool or other like facility at an 
aquatic fulfillment center. 

At box 320, an acoustic signa! is emitted into the storage 
20 pool. The acoustic signa! may include any number of tonals 

that are emitted into the water simultaneously or in series, at 
any desired intensity or within any desired frequency spec
tra, and may include or represent an instruction specifying a 
depth and/or a net density of the ordered item, as well as 

25 tonals identifying one or more checksums or identifiers of 
the ordered item. 

At box 330, the depth control cartridge changes a net 
density of the item in response to the acoustic signa!. For 
example, the acoustic signa! may be captured and interpreted 

30 using one or more hydrophones or other acoustic sensors 
provided on the depth control cartridge, and a net mass 
and/or a net volume of the depth control cartridge may be 
varied in response to one or more instructions included in the 
acoustic signa!. Such instructions may specify a particular 

35 density or density range desired for the ordered item, or may 
simply direct the depth control cartridge to achieve any net 
density that is less than a density of the liquid within the 
storage pool. The instructions may further direct the depth 
control cartridge to take one or more actions that are known 

40 to cause the item to have a net density less than that of the 
liquid within the storage pool, e.g., by pressurizing and 
inflating a flexible bladder or other expansion volume to a 
maximum extent, or by blowing liquid out of a ballast tank 
( or, alternatively, by depressurizing and deflating a flexible 

45 bladder or other expansion volume to a minimum extent, or 
flooding liquid into a ballast tank), without specifying an 
actual net density, depth or height for the ordered item. The 
acoustic signa! may be emitted or radiated generally into the 
liquid within the storage pool, or in one or more beams in a 

50 general or specific direction toward the ordered item, and 
may include one or more acoustic checksums and/or iden
tifiers of the ordered item, or any other additional tonals. 

At box 340, a flow is induced within the storage pool to 
urge the ordered item toward an egress unit. For example, 

55 referring again to the aquatic storage facility 140 of FIGS. 
lA through lM, liquid flow may be initiated from one or 
more of the flow sources (e.g., jets) 152-1, 152-2, 152-3, 
152-4 in a manner that causes a current to flow toward the 
egress unit 144. Therefore, where the ordered item remains 
afloat at or near a surface of the liquid, the liquid flow may 
be reasonably expected to carry the ordered item to within 
a vicinity of the egress unit. In sorne embodiments, one or 
more diverters may physically urge the ordered item toward 
the egress unit. In sorne other embodiments, the ordered 

Although sorne of the embodiments disclosed herein 
reference the use of an aquatic storage facility, e.g., the 60 

storage pool 140 of FIGS. lA through lM, in connection 
with electronic commerce and in a fulfillment center envi
ronment, those of ordinary skill in the pertinent arts will 
recognize that such systems and methods are not so limited. 
For example, one or more of the aquatic storage facilities 
disclosed herein may be utilized to store items that are not 
for sale, such as chilled or warmed food or beverages, or rare 

65 item may be urged toward a location of a worker, who may 
stand ready to retrieve the ordered item from the storage 
pool, as necessary, and a mechanical or automated egress 



US 9,624,034 Bl 
23 

unit need not be provided. At box 350, the item is retrieved 
from the storage pool via the egress unit, and the process 
ends. For example, referring again to FIGS. lL and lM, the 
egress unit 144 (e.g., a conveyor) may engage with the 
ordered item, and cause the item to exit the storage pool 
based on friction resulting from contact with a banded or 
belted surface ofthe egress unit 144, or in any other manner. 

Therefore, a change in a net density of an item may cause 

24 
item, in arder to achieve a desired orientation of the item as 
the item is stored or while the item is in vertical transit 
between two or more depths or heights, or in horizontal 
transit by way of current flow between two or more points. 
Altematively, where the depth control device 465 includes 
one or more ballast tanks, the ballast tanks may be pumped, 
drained or blown in arder to cause a density of the depth 
control device 465 to fall below that of water, thereby 
causing the item 460 to rise within the storage pool 440. 

The aquatic storage facilities of the present disclosure 
may be configured to release one or more items stored 
therein either in response to one or more acoustic signals, or 
in accordance with a predetermined schedule that may be 
established on any basis, including a known leve! of demand 

a vertical change in a position of an item within a storage 
pool or other aquatic storage facility. A localized current 10 

induced within a vicinity of the item may urge the item 
toward a location where the item may be retrieved there
from, e.g., a location of an egress unit, or of one or more 
workers or machines configured to extract the ordered item 
from the storage pool. 15 for one or more items. For example, where a demand for a 

fungible item is known, a plurality ofthe fungible items may 
be deposited into an aquatic storage facility and configured 
to be independently elevated within the storage pool in 

A depth control cartridge or other apparatus for changing 
a net density of an item within an aquatic storage facility 
may be joined to the item or a container thereof in any 
manner. For example, referring again to FIG. lD, the depth 
control cartridge 165-1 is joined to a flat, sufliciently large 20 

side or face ofthe item 160-1. Altematively, a depth control 
cartridge may be joined to a comer, an edge, a vertex, or a 
rounded feature of an item or a container thereof. 

Referring to FIGS. 4A and 4B, pictorial diagrams illus
trating aspects of one embodiment of an aquatic storage 25 

facility in accordance with the present disclosure are shown. 
Except where otherwise noted, reference numerals preceded 
by the number "4" shown in FIG. 4A or FIG. 4B indicate 
components or features that are similar to components or 
features having reference numerals preceded by the number 30 

"2" shown in FIG. 2A or FIG. 2B, by the number "1" shown 
in FIGS. lA through lM. 

As is shown in FIG. 4A, a storage pool 440 or other 
aquatic storage facility includes a container 460 immersed in 
water therein. The container 460 is a substantially box- 35 

shaped object having a depth control device 465 with an 
expandable volume 468 mounted to one comer thereof. The 
depth control device 465 is configured to capture and 
interpret one or more acoustic signals, and to vary a net 
density ofthe container 460 accordingly in response to such 40 

signals. Because a net density of the container 460 exceeds 
the density of water, or p coNrAINER>p H 20, the container 460 
rests atop a number of other items on a bottom 441 of the 
storage pool 440. Altematively, the depth control device 465 
may further include one or more ballast tanks (not shown) 45 

that may be filled partly or fully in arder to cause a density 
of the item 460 to exceed a density of water. 

As is shown in FIG. 4B, upan capturing and interpreting 
an acoustic signa!, the depth control device 465 causes the 
expandable volume 468 to inflate with air or another light- 50 

weight fluid, thereby causing the density of the container 
460 to drop below the density of water, or 
PcoNTAINER<PH20, and causing the container 460 to elevate 
from the bottom 441 of the storage pool 440 in response. 
Placing the depth control device 465 on a comer ofthe item 55 

460, rather than a single face, of the item 460, enables the 
item 460 to be oriented in a specific manner as the item 460 
rises from the bottom 441 of the storage pool 440. For 
example, by aflixing the depth control device 465 to the 
comer of the item 460, the item 460 may be preferably 60 

aligned to travel through or between one or more layers of 
other items that may be aligned above or below the item 460 
as the item 460 travels through the fluid within the storage 
pool 440. Altematively, a depth control device having an 
expandable volume (e.g., a flexible bladder) of any size or 65 

shape may be mounted or joined to any aspect of an item, 
including one or more flat, angled or rounded sections of the 

response to one or more acoustic signals, or in accordance 
with a predetermined schedule defined based on the demand. 

Referring to FIG. 5, a flow chart 500 of one process for 
retrieving an item from an aquatic storage facility in accor
dance with the present disclosure is shown. At box 510, each 
of a set of n items bearing depth control cartridges ( or other 
depth control devices) is deposited into a storage pool based 
on a known demand for the items. For example, the demand 
for the items may be determined on a seasonal basis (e.g., 
increased demand for holiday omaments or lights in the 
months of November or December), on a localized basis 
( e.g., increased demand for high-definition television sets in 
Connecticut in March each year, prior to the airing of 
amateur basketball toumaments ), or on any other basis, 
including predicted or actual weather conditions (e.g., 
increased demand for batteries when a powerful storm is 
anticipated or has struck). At box 520, a schedule for 
emitting acoustic signals into the storage pool is established 
based on the known demand. For example, where it is 
estimated that five tailgating chairs will be sold per day in 
August, prior to football season, a schedule of acoustic 
signals including instructions for elevating five different 
tailgating chairs stored in waterproof or liquid-resistant 
containers having depth control cartridges aflixed thereto 
may be defined. The individual depth control cartridges may 
be configured to cause a net density of each of such 
containers to fall below the density of water upan receiving 
such signals. Altematively, a plurality of depth control 
cartridges may be individually programmed to elevate their 
respective items at given times and on given dates, and an 
acoustic signa! need not be emitted into the storage pool in 
arder to achieve this result. 

At box 530, a value ofa step variable i is set at 1, or i=l. 
At box 540, an acoustic signa! i is emitted into the storage 
pool in accordance with the schedule. The acoustic signa! i 
may be emitted from an active sonar transducer or like 
device mounted within the storage pool or in any other 
relevant location within an acoustic range of each of the n 
items. At box 550, a depth control cartridge provided on item 
i causes the item i to rise to a desired depth in response to 
the acoustic signa! i. In response to the acoustic signa! i, the 
depth control cartridge may cause a flexible bladder or other 
expandable volume provided on the depth control cartridge 
to expand, e.g., by charging air or another lightweight fluid 
into the flexible bladder, or discharge a defined mass or 
volume ofwater from a ballast tank within the depth control 
cartridge to the storage pool. Any means or method for 
reducing a net density of the item i in response to the 
acoustic signa! i may be utilized in accordance with the 
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present disclosure. Altematively, each of the depth control 
cartridges may be independently configured or programmed 
to change a net density of a respective item at a given time, 
in accordance with a predetermined schedule. 

At box 560, whether the value of the step variable i is 5 

equal to the number n of items in the set is determined. If the 
value of the step variable i is not equal to the number n, 
thereby indicating that at least sorne ofthe n items in the set 
remain within the storage pool, then the process advances to 
box 570, where the value ofthe step variable i is incremen- 10 

tally increased by 1, and to box 540, where the acoustic 
signa! i is emitted into the storage pool in accordance with 
the schedule. Ifthe value ofthe step variable i is equal to the 
number n, thereby indicating that each of the n items has 
been elevated from the storage pool, the process advances to 15 

box 580, where whether the known demand for the items 
persists is determined. For example, where the set included 
a sufficient number n of the items to accommodate one 
week's worth of demand for the items, and the demand is 
known to persist for two or more weeks, then another set of 20 

n items must be deposited into the storage pool in arder to 
accommodate the demand in the following week. If the 
demand is known to no longer persist, then the process ends. 
If the demand persists, however, then the process retums to 
box 510, wherein another set of n items bearing depth 25 

control cartridges is deposited into the storage pool. 
Referring to FIGS. 6A through 6H, pictorial diagrams 

illustrating aspects of one embodiment of an aquatic storage 
focility in accordance with the present disclosure are shown. 
Except where otherwise noted, reference numerals preceded 30 

by the number "6" shown in FIGS. 6A through 6H indicate 
components or features that are similar to components or 
features having reference numerals preceded by the number 
"4" shown in FIG. 4A or FIG. 4B, by the number "2" shown 
in FIG. 2A or FIG. 2B, by the number "1" shown in FIGS. 35 

lA through lM. 
As is shown in FIG. 6A, a system 600 includes an aquatic 

storage focility 640 ( e.g., a storage pool) substantially filled 
with a fluid (e.g., water). The aquatic storage focility 640 
includes a flow source 652 ( e.g., a jet) andan egress unit 644 40 

(e.g., a conveyor aligned to remove items from the storage 
pool). A truck 642 approaches the aquatic storage focility 
640 on a Saturday and deposits a set of items 660-n therein, 
e.g., by backing up to the aquatic storage focility 640 and 
elevating one end of a bed or dump box to drop the items 45 

660-n behind the truck 642. As is shown in FIG. 6B, as of 
Sunday, because the densities of each of the items 660-n 
exceed a density of the fluid within the aquatic storage 
focility 640, each of the items 660-n has descended to a 
bottom 641 of the aquatic storage focility 640 and come to 50 

a rest there. 
As is discussed above, an item having a depth control 

device or other component that is configured to vary a 
density of the item may be programmed to change a net 
density ofthe item and, therefore, a depth ofthe item within 55 

an aquatic storage focility in accordance with a predeter
mined schedule. The schedule may be selected on any basis, 
including but not limited to a known or anticipated demand 
for the items. For example, as is shown in FIG. 6C, a first 
one 660-1 of the set of items 660-n may automatically rise 60 

from the bottom 641 ofthe aquatic storage focility 640 on a 
Monday, in anticipation of a demand for the first item 660-1 
on that date, e.g., in response to an acoustic signa! emitted 
or radiated into the liquid within the aquatic storage focility 
640, or based on a pre-programmed schedule. The first item 65 

660-1 may include a depth control device or other compo
nent having an expandable volume 668-1 that may be 

26 
pressurized to increase in volume as the first item 660-1 rests 
on the bottom 641 ofthe storage pool 640 until the first item 
660-1 lifts from the bottom 641 and rises to a surface ofthe 
liquid. When the first item 660-1 is at the surfoce of the 
liquid, or at the same depth or height within the storage pool 
640 as the flow source 652, the first item 660-1 may be urged 
toward the egress unit 644, and removed from the storage 
pool 640 accordingly. 

As is shown in FIG. 6D, a second one 660-2 ofthe set of 
items 660-n may automatically rise from the bottom 641 of 
the aquatic storage focility 640 on a Tuesday, in anticipation 
of a demand for the second item 660-2 on that date, e.g., by 
pressurizing and inflating an expandable volume 668-2 
provided on the second item 660-2, until the second item 
lifts from the bottom 641 and rises to the surfoce of the 
liquid. The second item 660-2 may then be urged toward the 
egress unit 644 by one or more currents generated by the 
flow source 652. As is shown in FIG. 6E, FIG. 6F and FIG. 
6G, a third item 660-3, a fourth item 660-4 and a fifth item 
660-5 of the set of items 660-n may automatically rise from 
the bottom 641 of the aquatic storage focility 640 on a 
Wednesday, a Thursday anda Friday, respectively, in antici
pation of demands for the third item 660-3, the fourth item 
660-4 and the fifth item 660-5 on those dates, e.g., by 
pressurizing and inflating expandable volumes 668-3, 668-4, 
668-5 provided thereon, until the respective items lift from 
the bottom 641 andrise to the surface ofthe liquid. The third 
item 660-3, the fourth item 660-4 and the fifth item 660-5 
may then be urged toward the egress unit 644 on those dates 
by currents generated by the flow source 652. Alternatively, 
one or more ofthe items 660-1, 660-2, 660-3, 660-4, 660-5 
may include one or more ballast tanks that may be auto
matically pumped, drained or blown on predetermined 
schedules in arder to reduce a mass thereof, thereby causing 
the respective items 660-1, 660-2, 660-3, 660-4, 660-5 to lift 
from the bottom 641 and rise to a surfoce of the liquid. 
Subsequently, as is shown in FIG. 6H, the aquatic storage 
focility 640 may be refilled with a new set 660-n of items on 
a Saturday, in anticipation of demand for such items in the 
coming days. 

The depth control devices that are mounted to or other
wise associated with items within an aquatic storage focility 
may be configured to cause such items to descend to a 
bottom or lower leve! of the aquatic storage focility ( e.g., by 
causing a net density of an item to exceed a density of a fluid 
within the aquatic storage focility) orto ascend to a surfoce 
of the fluid within the aquatic storage focility (e.g., by 
causing the net density of the item to foil below the density 
ofthe fluid within the aquatic storage focility). Alternatively, 
a depth control device may be configured to cause an item 
to remain at a substantially constant depth or height within 
an aquatic storage focility, by causing a net density of the 
item to exceed or foil below a density of a fluid within the 
aquatic storage focility until the item reaches a desired depth 
( e.g., distance from a surface of the fluid) ora desired height 
(e.g., distance from a bottom ofthe aquatic storage focility), 
and then causing the net density of the item to match the 
density ofthe fluid. Thereafter, the motion ofthe item within 
the fluid may slow due to friction, and the item may be 
caused to rest at a desired depth. Changes in net densities of 
items may be caused with hysteresis in mind, in arder to 
account for this friction or other foctors relating to motion. 

Referring to FIGS. 7A, 7B and 7C, pictorial diagrams 
illustrating aspects of one embodiment of an aquatic storage 
focility in accordance with the present disclosure are shown. 
Except where otherwise noted, reference numerals preceded 
by the number "7" shown in FIGS. 7A, 7B and 7C indicate 
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components or features that are similar to components or 
features having reference numerals preceded by the number 
"6" shown in FIGS. 6A through 6H, by the number "4" 
shown in FIG. 4A or FIG. 4B, by the number "2" shown in 
FIG. 2A or FIG. 2B, by the number "1" shown in FIGS. lA 
through lM. 

As is shown in FIG. 7A, an aquatic storage focility 740 is 
filled with water ( or another liquid) and includes a container 
760 having a depth control device 765 with an expandable 
bladder 768 having a volume V A joined to the container 760. 
Because a net density ofthe container 760 is greater than or 
equal to a density of water, or PcoNTAINER"'P H 20, the con
tainer 760 rests on a bottom 741 of the aquatic storage 
focility 740. The volume VA may be selected to ensure that 
the net density of the container 760 remains above the 
density ofwater, thereby causing the container 760 to remain 
on the bottom 741. Alternatively, the depth control device 
765 may include a ballast tank (not shown) that may be filled 
to include a predetermined mass of water therein that may be 
selected to ensure that the net density of the container 760 
will equal or exceed the density of water, causing the 
container 760 will rest on the bottom 741. 

The depth control devices of the present disclosure may 
be used to change a depth or height of an item within an 
aquatic storage focility, and cause the item to remain at a 
desired depth or height. As is shown in FIG. 7B, the bladder 
768 may be pressurized with air or another lightweight fluid 
to a volume V B' where the volume V B is greater than the 
volume V A of the bladder 768 in FIG. 7 A, thereby causing 
the net density of the container 760 to foil below a density 
of water, or p coNrAINER<p H 20. As a result, the container 760 
lifts from the bottom 741 ofthe aquatic storage focility 740. 
The volume V B may be selected to ensure that the net density 
of the container 760 remains sufficiently below the density 
of water, thereby causing the container 760 to rise up from 
the bottom 741. Alternatively, where the depth control 
device 765 includes a ballast tank filled to include a prede
termined mass of water therein, at least sorne of the water 
may be pumped, drained or blown therefrom in arder to 
cause the net density of the container to foil below the 
density of water, and to cause the container 760 to rise up 
from the bottom 741. 

As is shown in FIG. 7C, the bladder 768 may be depres
surized to a volume V 0 e.g., by returning at least sorne of 
the air or other fluid charged into the bladder in FIG. 7B 
back into a tank or another source, or by venting the air or 
other fluid to the water within the aquatic storage focility 
7 40, where the volume V e is less than the volume V B of the 
bladder768 in FIG. 7B but greaterthan thevolume VA ofthe 
bladder 768 in FIG. 7A. The volume V e may be selected to 
cause the net density of the container 760 to match the 
density ofwater, thereby causing the container 760 to leve! 
off at a desired depth d from a surface of the water, or a 
desired height h from the bottom 741. Alternatively, where 
the depth control device 765 includes a ballast tank filled to 
include a predetermined mass of water therein, additional 
water may be added thereto or charged therein, in arder to 
cause the net density of the container to match the density of 
water, and to cause the container 760 to leve! off at the 
desired depth d or the desired height h. 

Referring to FIG. 8, a flow chart 800 of one process for 
retrieving an item from an aquatic storage focility in accor
dance with the present disclosure is shown. At box 810, an 
item outfitted with a depth control cartridge ( or other depth 
control device) and pre-programmed with attributes of the 
item and a desired depth for the item is deposited into a 
storage pool of liquid by an ingress unit. For example, the 
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depth control cartridge may be programmed with informa
tion regarding the item and/or its contents, e.g., a mass, a 
volume, one or more dimensions, as well as any expiration 
dates, intended uses, or other characteristics of the item. 
Additionally, the desired depth may be identified with 
respect to a specific distance from a surface of the liquid 
within the storage pool or a specific distance from a bottom 
of the storage pool. Alternatively, the desired depth may be 
identified with respect to a feature of the storage pool, e.g., 

10 "bottom." The ingress unit may be a conveyor, e.g., the 
ingress unit 142 of FIG. lA, as well as a human, a robot, a 
vehicle or any other type of machine. 

At box 820, the item senses a density ofthe liquid within 
the storage unit. For example, where the liquid within the 

15 storage pool is pure water, the density ofthe liquid may have 
a maximum of 1.0000 grams per cubic centimeter (g/cm3

) at 
four degrees Celsius (4º C.), as well as values of 0.9982, 
0.9922, 0.9832 and 0.9718 grams per cubic centimeter 
(g/cm3

) at twenty, forty, sixty or eighty degrees Celsius (20º 
20 C., 40º C., 60º C. or 80º C. Where the liquid within the 

storage pool is seawater, however, the density of the liquid 
may typically range from 1.020 to 1.029 grams per cubic 
centimeter (g/cm3

). Densities of a liquid typically vary 
based on the local salinity, temperature, depth and pressure 

25 of the liquid, among other foctors. 
At box 830, the item determines a desired item density in 

arder to cause the item to reach the desired depth within the 
storage pool. One or more onboard computer processors 
may determine the net density of the item in a present 

30 configuration and, based on the density of the liquid within 
the storage unit sensed at box 820, calculate a preferred 
density that would cause the item to reach the desired depth. 
The desired item density may be expressed as a function of 
time and depth, e.g., values of the density that the item 

35 should have at a given time or at a given depth within the 
storage pool, in arder to cause the item to settle at the desired 
depth. 

At box 840, the item manipulates the depth control 
cartridge to change the item density in arder to cause the 

40 item to reach the desired depth. For example, the depth 
control cartridge may charge a predetermined volume or 
mass of air or another fluid into an expansion volume, which 
may be a flexible bladder or any other component that may 
elastically change in volume in response to differences in 

45 interna! pressure, or venta predetermined volume or mass of 
air or another fluid therefrom. Alternatively, the depth con
trol cartridge may include one or more interna! ballast tanks 
coupled to externa! surfoces thereof that may be flooded 
with liquid in arder to increase a mass of the depth control 

50 cartridge and the item, or may have liquid pumped or blown 
therefrom in arder to decrease the mass of the depth control 
cartridge and the item, as desired. 

At box 850, an arder is received for the item, e.g., while 
the item is at the desired depth within the storage pool. At 

55 box 860, an acoustic signa! targeted at the item is emitted 
into the storage pool. The acoustic signa! may include tonals 
at one or more intensities and in one or more frequency 
spectra that include one or more instructions encoded 
therein. For example, the acoustic signa! may include an 

60 instruction to minimize a net density of the item, thereby 
causing the item to rise to a surface of the liquid. In sorne 
embodiments, the acoustic signa! may include one or more 
checksums to confirm the authenticity ofthe acoustic signa!, 
and one or more acoustic identifiers of the ordered item, to 

65 ensure that only the ordered item executes the instructions in 
response to the acoustic signa!. In sorne embodiments, the 
acoustic signa! may be generally emitted into the liquid 
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within the acoustic pool. In other embodiments, however, 
the acoustic signa! may be emitted in the form of one or 
more beams directed toward a general region of the storage 
pool where the ordered item is presumably located. 

At box 870, the item manipulates the depth control 
cartridge to reach a surface of the liquid within the storage 
pool. The depth control cartridge may cause an expansion 
volume to expand in a rapid or a controlled manner, thereby 
lowering the net density of the item below the density of 
water and causing the item to rise within the storage pool. 
Altematively, where the item includes an interna! tank filled 
with the liquid, the interna! tank may be pumped, drained or 
blown to any extent, in arder to reduce a mass of the item. 

At box 880, surface currents within the storage pool are 
manipulated to urge the item toward an egress unit. For 
example, one or more jets or vacuum units may expel or 
suck liquid in a specific direction corresponding to the 
egress unit within the storage pool, thereby causing a local 
current flow in that direction. The egress unit may be a 
machine configured to remove the item from the storage 
pool or, alternatively, a region of the storage pool where a 
human, a robot, or another machine stand ready to pick the 
item from the storage pool. At box 890, the item is removed 
from the storage pool by the egress unit, and the process 
ends. 

As is discussed above, the storage of items at various 
depths or heights within an aquatic storage facility may be 
particularly advantageous where the items are of different 
sizes or shapes, or where demand for such items may vary, 
or where attributes of the items (e.g., expiration dates, 
environmental constraints) are best served by storing the 
items in different locations within the aquatic storage facil
ity. Referring to FIGS. 9A through 9F, pictorial diagrams 
illustrating aspects of one embodiment of an aquatic storage 
facility in accordance with the present disclosure are shown. 
Except where otherwise noted, reference numerals preceded 

30 
while at the depth d2 or at the height h2 . Similarly, each of 
the second set of items 960-B is stored at a depth d1 from the 
surface from the liquid, or ata height h 1 from the bottom 941 
of the aquatic storage facility 940, with each of the second 
set of items 960-B having a net density substantially equal 
to that of water at the depth d1 or at the height h 1 . Finally, 
each of the third set of items 960-C rests at or near the 
bottom 941 of the aquatic storage facility 940. Therefore, 
each of the third set of items 960-C is configured to have a 

10 density greater than that of water, thereby causing each of 
such items to descend to the bottom 941. As is also shown 
in FIG. 9A, a worker 942 approaches an edge ofthe aquatic 
storage facility 940 with an 960-1 to be deposited therein. 

As is shown in FIG. 9B, the worker 942 has tossed the 
15 item 960-1 into the aquatic storage facility 940, and the item 

960-1 has descended to the bottom 941, where the item 
960-1 comes to a rest atop one or more of the third set of 
items 960-C. In arder to arrive at the bottom 941, the item 
960-1 was required to pass through two layers of items, viz., 

20 the first set of items 960-A at the depth d2 or the height h2 

and the second set of items 960-B at the depth d1 or the 
height h 1 . The item 960-1 may be caused to descend to the 
bottom 941 by ensuring that a density of the item 960-1 is 
greater than the density ofwater, e.g., by depressurizing and 

25 deflating a bladder or other expansion volume, or by charg
ing an onboard ballast tank full of water. 

As is shown in FIG. 9C, an acoustic signa! may be emitted 
into the liquid of the acoustic storage facility 940 by the 
sonar transducer 954. The acoustic signa! may be specifi-

30 cally intended for one or more of the items, e.g., the item 
960-1, or one or more of the first set of items 960-A, the 
second set of items 960-B or the third set of items 960-C, 
within the aquatic storage facility 940, and may include one 
or more checksums, acoustic identifiers and/or instructions 

35 ( e.g., to execute a change in density or depth) associated 
with the one or more items for which the acoustic signa! is 
intended. by the number "9" shown in FIGS. 9A through 9F indicate 

components or features that are similar to components or 
features having reference numerals preceded by the number 
"7" shown in FIGS. 7A, 7B and 7C, by the number "6" 40 

shown in FIGS. 6A through 6H, by the number "4" shown 

As is shown in FIG. 9D, upan receiving the acoustic 
signa!, the item 960-1 may respond by taking one or more 
actions to reduce a net density ofthe item 960-1, such as by 
charging air or another lightweight fluid into an expansion 

in FIG. 4Aor FIG. 4B, by the number "2" shown in FIG. 2A 
or FIG. 2B, by the number "1" shown in FIGS. lA through 
lM. 

volume 968-1, thereby increasing a net volume ofthe item 
960-1 or, altematively, by pumping or blowing water from 
one or more onboard ballast tanks, thereby decreasing a net 

45 mass of the item 960-1. As is shown in FIG. 9A, a system 900 includes an aquatic 
storage facility 940 filled with water or another liquid. The 
aquatic storage facility 940 includes an egress unit 944 
comprising a ramp descending from an upper edge of the 
aquatic storage facility 940 anda flow source 952 (e.g., a jet) 
for expelling water toward the egress unit 944. In sorne 50 

embodiments, the ramp may be formed from, or lined by, a 
!ayer of a plastic material. The aquatic storage facility 940 
further includes a sonar transducer 954 or other sound
emitting device provided on an inner surface of the aquatic 
storage facility 940. The sonar transducer 954 is configured 

As is shown in FIG. 9E, after the net density of the item 
960-1 has fallen below the density of water, the item 960-1 
ascends to a surface ofthe waterwithin the storage pool 940. 
In arder to reach the surface, the item 960-1 was required to 
pass through the two layers of items again, viz., the first set 
ofitems 960-Aat the depth d2 orthe height h2 and the second 
set of items 960-B at the depth d1 or the height h1 . As is 
shown in FIG. 9F, once the item 960-1 has reached the 
surface ofthe water, or is ata similar depth or height ofthe 

55 flow source 952, the item 960-1 is urged in a direction of the 
egress unit 944, where the item 960-1 may be caused to 
travel down the ramp from the upper edge of the aquatic 
storage facility 940. 

to emit or radiate one or more sounds into the water. A 
plurality of items are stored within the aquatic storage 
facility 940, including a first set of items 960-A, a second set 
of items 960-B anda third set of items 960-C. 

Each ofthe first set of items 960-A is stored ata depth d2 

from the surface from the liquid, or at a height h2 from a 
bottom 941 of the aquatic storage facility 940. Therefore, 
each of the first set of items 960-A is configured to have a 
net density substantially equal to that ofwater, e.g., by depth 
control cartridges or other like devices aflixed to such items, 
and selectively operating such cartridges in arder to cause 
the net densities of the items to substantially equal water 

As is discussed above, the aquatic storage facilities ofthe 
60 present disclosure may include one or more natural bodies of 

water. Referring to FIGS. lOA through lOF, pictorial dia
grams illustrating aspects of one embodiment of an aquatic 
storage facility in accordance with the present disclosure are 
shown. Except where otherwise noted, reference numerals 

65 preceded by the number "10" shown in FIGS. lOA through 
lOF indicate components or features that are similar to 
components or features having reference numerals preceded 
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by the number "9" shown in FlGS. 9A through 9F, by the 
number "7" shown in FlGS. 7A, 7B and 7C, by the number 
"6" shown in FlGS. 6A through 6H, by the number "4" 
shown in FIG. 4A or FIG. 4B, by the number "2" shown in 
FIG. 2A or FIG. 2B, by the number "1" shown in FlGS. lA 5 

through lM. 
As is shown in FIG. lOA, a system 1000 includes a natural 

storage pool 1040 (viz., Lake Union, in Seattle, Wash.) 
having an active sonar buoy 1054 or other vessel floating 
therein. The natural storage pool 1040 is in fluid commu- 10 

nication with other natural bodies ofwater (viz., the Fremont 
Cut and Portage Bay ), which may feed influent to the natural 
storage pool 1040 or receive eflluent from the natural 
storage pool 1040. An aircraft 1042 travels over the natural 
storage pool 1040 in a northeasterly direction. The active 15 

sonar buoy 1054 may include one or more hydrophones, 
transmitters and/or computer devices configured for com
munication with one or more externa! computer devices (not 
shown) over a network. 

As is shown in FIG. lOB, the aircraft 1042 drops an item 20 

1060 into the natural storage pool 1040. The item 1060 is 
equipped with a parachute 1067 and includes a depth control 
device 1065 mounted thereto. The depth control device 1065 
( e.g., a depth control cartridge releasably or fixedly joined to 
the item 1060) includes an expansion volume 1068 that may 25 

be charged with air or another lightweight fluid, and may 
vent or release the air or other lightweight fluid therefrom. 
Alternatively, the depth control device 1065 may include 
one or more tanks for receiving water from the natural 
storage pool 1040, or for discharging water to the natural 30 

storage pool 1040, as necessary, in arder to automatically 
vary a mass of the item 1060. 

As is shown in FIG. lOC, the item 1060 descends to a 
bottom 1041 ofthe natural storage pool 1040, and comes to 
a rest there. The item 1060, therefore, has a net density that 35 

is greater than the density of the water within the natural 
storage pool 1040. Subsequently, the active sonar buoy 1054 
may receive a message including one or more commands 
from the network 1090 and issue an instruction to the item 
1060 to release itself from the bottom 1041 of the natural 40 

32 
1080 who placed an arder for the item 1060, or with a 
vehicle 1044 in which the customer 1080 is traveling, 
informing the customer 1080 of the position of the item 1060 
and including advice regarding travel to the position of the 
item 1060 (e.g., locations of obstacles or hazards). The 
customer 1080 may then proceed to the position ofthe item 
1060 in the vehicle 1044 and manually retrieve the item 
1060 there. The depth control cartridge 1065 may further 
illuminate a light 1073 or another beacon to aid the customer 
1080 in locating the item 1060. 

Natural storage pools of the present disclosure may also 
utilize natural or artificially generated current flows when 
storing and distributing items to customers. Referring to 
FlGS. llA through 111, pictorial diagrams illustrating 
aspects of one embodiment of an aquatic storage facility in 
accordance with the present disclosure are shown. Except 
where otherwise noted, reference numerals preceded by the 
number "11" shown in FlGS. llA through 111 indicate 
components or features that are similar to components or 
features having reference numerals preceded by the number 
"10" shown in FlGS. lOA through lOF, by the number "9" 
shown in FlGS. 9A through 9F, by the number "7" shown in 
FlGS. 7A, 7B and 7C, by the number "6" shown in FlGS. 
6A through 6H, by the number "4" shown in FIG. 4A or FIG. 
4B, by the number "2" shown in FIG. 2A or FIG. 2B, by the 
number "1" shown in FlGS. lA through lM. 

As is shown in Fl G. llA, a system 1100 includes a natural 
storage pool 1140, viz., the Connecticut River, passing from 
an ingress unit 1142 at Hartford, Conn., to an egress unit 
1144 at Glastonbury, Conn., by way of an intervening point 
1145 at Wethersfield, Conn. The natural storage pool 1140 is 
known to experience seasonal current flows ranging in 
speeds from peak flows during spring months (e. g., based on 
snow melt in points north) to minimum flows in winter 
months (e.g., dueto the presence offloes and bergs on the 
river). 

As is shown in FIG. llB, the ingress unit 1142 may 
include one or more conveyors or other machines that may 
deposit an item 1160 bearing a depth control device 1165 
into the natural storage pool 1140. Alternatively, the ingress 
unit 1142 may include docks, ports or other fixed or floating 
stations from which one or more humans, vehicles or other 
machines may deposit items into the natural storage pool 
1140. As is shown in FIG. llC, once the item 1160 has been 

storage pool 1040. For example, an arder for the item 1060 
may be received by an online marketplace, which may then 
communicate a message including the instruction to the item 
1060 over the network 1090. As is shown in FIG. lOD, the 
item 1060 may transmit an acoustic signa! in response, 
acknowledging receipt ofthe acoustic signa! from the active 
sonar buoy 1054, and confirming that the item 1060 is in the 
process of releasing itself from the bottom 1041 of the 
natural storage pool 1040, e.g., by charging air or another 
lightweight fluid into the expansion volume 1068 or, alter
natively, by pumping, draining or blowing water from one or 
more onboard tanks. The active sonar buoy 1054 may 
transmit one or more messages to an externa! computer 
device (not shown) over the network 1090. As is shown in 
FIG. lOE, the charging ofthe air or other lightweight fluids 
into the expansion volume 1068 causes the item 1060 to lift 
from the bottom 1041 and ascend toward a surface of the 
water. 

45 deposited into the natural storage pool 1140, the depth 
control device 1165 may manipulate a net density ofthe item 
1160 to match a density of the water in the natural storage 
pool 1140, or such that PcoNTAINER=pH20, e.g., by pressur
izing and inflating an expansion volume 1168 to a deter-

As is shown in FIG. lOF, once the item 1060 has reached 
the surface ofthe water, the depth control device 1065 may 
determine a position ofthe item 1060, e.g., based on signals 
received from one or more orbiting GPS satellites 1095, and 
may transmit one or more messages identifying the position 
ofthe item 1060 toan externa! computer device (not shown) 
over the network 1090. Concurrently or shortly thereafter, 
e.g., in real time or in near-real time, a message may be 
transmitted to a computer device associated with a customer 

50 mined volume V 0 thereby causing the item 1160 to float 
within the natural storage pool 1140. Alternatively, the depth 
control device 1165 may include one or more onboard tanks 
that may take on water from the natural storage pool 1140, 
or pump, drain or blow water to the natural storage pool 

55 1140, as necessary, in arder to cause the net density of the 
item 1160 to match the density of the water in the natural 
storage pool 1140. The presence of natural currents within 
the natural storage pool 1140 causes the floating item 1160 
to depart from the ingress unit 1142, at a predictable or 

60 measurable speed. Additionally, the depth control cartridge 
1165 may further illuminate a light 1173 or another beacon 
to inform boaters, swimmers or others within the natural 
storage pool 1140 that the item 1160 is floating therein. 

As is shown in FIG. llD, once the item 1160 reaches the 
65 intervening point 1145, or any other point between the 

ingress unit 1142 and the egress unit 1144, the depth control 
device may further manipulate a net density of the item 1160 



US 9,624,034 Bl 
33 34 

to exceed the density of water, or p coNrAINER>p H 20, thereby 
causing the item 1160 to descend to a bottom 1141 of the 
aquatic storage facility 1140. For example, the depth control 
device 1165 may completely or partially depressurize and 
contract the expansion volume 1168 to a volume VD that is 5 

less than the volume V e ofthe expansion volume 1168 as is 
shown in FIG. llC. Alternatively, the depth control device 
1165 may take on water from the natural storage pool 1140, 
e.g., into one or more onboard tanks, and cause the item 
1160 to sink to the bottom 1141 at ornear the intervening 10 

point 1145. 

Except where otherwise noted, reference numerals preceded 
by the number "12" shown in FlGS. 12A, 12B and 12C 
indicate components or features that are similar to compo-
nents or features having reference numerals preceded by the 
number "11" shown in FlGS. llA through 111, by the 
number "10" shown in FlGS. lOA through lOF, by the 
number "9" shown in FlGS. 9A through 9F, by the number 
"7" shown in FlGS. 7A, 7B and 7C, by the number "6" 
shown in FlGS. 6A through 6H, by the number "4" shown 
in FIG. 4A or FIG. 4B, by the number "2" shown in FIG. 2A 
or FIG. 2B, by the number "1" shown in FlGS. lA through 

As is shown in FIG. llE, when the item 1160 is resting on 
the bottom 1141 of the natural storage pool 1140, one or 
more acoustic signals may be emitted into the natural 
storage pool 1140, e.g., by an active sonar buoy 1154 or 15 

another vessel floating within the natural storage pool 1140. 
The acoustic signals may include one or more instructions 
for the item 1160, as well as any checksums or acoustic 
identifiers ofthe item 1160. The active sonar buoy 1154 may 

lM. 
As is shown in FIG. 12A, an item 1260 (viz., a packaged, 

collared shirt) includes a depth control device 1265 aflixed 
thereto. The depth control device 1265 is substantially 
disc-shaped and includes a ballast tank 1277 disposed 
therein that is coupled to a perimeter of the depth control 
device 1265 by a plurality of control valves 1278 having 
openings disposed about the perimeter. 

be in communication with one or more externa! computer 20 

devices (not shown), e.g., over a network. As is shown in 
FIG. llF, in response to the acoustic signa! received from 
the active sonar buoy 1154, the depth control device 1165 
may manipulate a net density ofthe item 1160 to fall below 
the density ofwater, or PcoNTAINER<pH20, thereby causing 25 

the item 1160 to ascend from the bottom 1141 to a surface 

As is shown in FIG. 12B, the item 1260 may be deposited 
into a liquid within a storage pool 1240, e.g., by tossing, 
dumping or dropping the item 1260 therein. With the ballast 
tank 1277 empty, and the mass within the ballast tank 1277 
being substantially ni!, or mrANK=p AIR .Y TANK' the item 1260 
floats atop a surface of the storage pool 1240. As is shown 
in FIG. 12C, however, when one or more of the control 

of the water. For example, the depth control device 1160 
may pressurize and inflate the expansion volume to a 
determined volume V F that is greater than the volume VD of 
the expansion volume as is shown in FIG. llD. Alterna
tively, the depth control device 1165 may pump, drain or 
blow water from one or more onboard tanks, thereby causing 
the item 1160 to rise from the bottom 1141 to a surface of 
the water. As is shown in FIG. llG, once the item 1160 has 
neared or reached the surface of the water, the presence of 
natural currents within the natural storage pool 1140 causes 
the floating item 1160 to depart from the intervening point 
1145, at a predictable or measurable speed. The light 1173 
may be illuminated when the item 1160 approaches or 
reaches the surface, as well. 

As is shown in FIG. llH, natural current flows at the 
intervening point 1145 cause the item 1160 to approach the 
egress unit 1144, which may include one or more diverts 
1156 or other mechanisms to retrieve items, viz., the item 
1160, from the natural storage pool 1140. As is shown in 
FIG. 111, the divert 1156 may swing from an original 
position, e.g., parallel to a direction of flow within the 
natural storage pool 1140, to a retrieving position, e.g., 
perpendicular to the direction of flow within the natural 
storage pool 1140, and may automatically retrieve the item 
1160 from the natural storage pool 1140. Alternatively, the 
divert 1156 may include one or more docks or other trans
portation surfaces upan which a human or machine may 
travel to meet the item 1160 when the item 1160 comes into 
contact with the divert 1156. 

As is discussed above, the depth control devices of the 
present disclosure may have any shape, and may be sized 
based on the mass and/or volume of the items to which such 
devices are to be aflixed. Moreover, where an item is 
substantially lighter than water or another liquid provided in 
an aquatic storage facility, a depth control device aflixed 
thereto may rely exclusively on changing a mass ofwater or 
another liquid within one or more onboard tanks to manipu
late a depth of the item within an aquatic storage facility. 
Referring to FlGS. 12A through 12C, pictorial diagrams 
illustrating aspects of one embodiment of an aquatic storage 
facility in accordance with the present disclosure are shown. 

valves 1278 is opened, thereby enabling the ballast tank 
1277 to be filled with water, or mrANK=pH20·V TAND the 
item 1260 descends until the item 1260 rests on the bottom 

30 1241 of the storage pool 1240. 
A depth control device may be selectively aflixed to an 

item in a specific location, in arder to ensure that the item 
maintains a desired orientation within an aquatic storage 
facility when the item is partially or entirely submerged. 

35 Referring to FlGS. 13A, 13B and 13C, pictorial diagrams 
illustrating aspects of one embodiment of an aquatic storage 
facility in accordance with the present disclosure are shown. 
Except where otherwise noted, reference numerals preceded 
by the number "13" shown in FlGS. 13A, 13B and 13C 

40 indicate components or features that are similar to compo
nents or features having reference numerals preceded by the 
number "12" shown in FlGS. 12A, 12B and 12C, by the 
number "11" shown in FlGS. llA through 111, by the 
number "10" shown in FlGS. lOA through lOF, by the 

45 number "9" shown in FlGS. 9A through 9F, by the number 
"7" shown in FlGS. 7A, 7B and 7C, by the number "6" 
shown in FlGS. 6A through 6H, by the number "4" shown 
in FIG. 4A or FIG. 4B, by the number "2" shown in FIG. 2A 
or FIG. 2B, by the number "1" shown in FlGS. lA through 

50 lM. 
As is shown in FIG. 13A, an item 1360 (viz., a pillow) 

includes a depth control device 1365 joined to an end 
thereof. The depth control device 1365 is substantially 
cylindrical and includes a ballast tank 1377 disposed therein, 

55 and a pair of control val ves 1378 on either end of the depth 
control device 1365. As is shown in FIG. 13B, because the 
item 1360 is significantly lighter than water, the item 1360 
remains vertically oriented when resting on a bottom 1341 
as the ballast tank 1377 is filled with water, or when the mass 

60 within the ballast tank 1377 is mrANK=pH20 ·V TANK· As is 
shown in FIG. 13C, when the item 1360 is desired, sorne or 
ali ofthe water within the ballast tank 1377 may be pumped, 
drained or blown therefrom, e.g., in response to an acoustic 
signa! from a transducer (not shown), in accordance with a 

65 schedule, or for any other reason. 
Items to be stored in an aquatic storage facility may be 

outfitted with two or more depth control devices. Particu-
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larly where the items to be stored are irregularly or eccen
trically shaped, the items may be outfitted with depth control 
devices on opposing sides or faces thereof, and the depth 
control devices may be configured to operate in different 
manners, as necessary. Referring to FlGS. 14A through 14G, 5 

pictorial diagrams illustrating aspects of one embodiment of 
an aquatic storage facility in accordance with the present 
disclosure are shown. Except where otherwise noted, refer
ence numerals preceded by the number "14" shown in FlGS. 
14A through 14G indicate components or features that are 10 

similar to components or features having reference numerals 
preceded by the number "13" shown in FlGS. 13A, 13B and 
13C, by the number "12" shown in FlGS. 12A, 12B and 
12C, by the number "11" shown in FlGS. llA through 111, 
by the number "10" shown in FlGS. lOA through lOF, by the 15 

number "9" shown in FlGS. 9A through 9F, by the number 
"7" shown in FlGS. 7A, 7B and 7C, by the number "6" 
shown in FlGS. 6A through 6H, by the number "4" shown 
in FIG. 4Aor FIG. 4B, by the number "2" shown in FIG. 2A 
or FIG. 2B, by the number "1" shown in FlGS. lA through 20 

lM. 

36 
with air or another lightweight fluid. If the expansion 
volume 1468-1 is pressurized to a sufficiently large volume, 
then the item 1460 will lift from the bottom 1441 of the 
storage pool 1440 and begin to rise. 

As is discussed above, the aquatic storage facilities may 
be incorporated into existing fluid systems that are open or 
closed in nature. The ingress units and the egress units of the 
aquatic storage facilities may include any number of pumps 
or pipes of any length, diameter, shape or rating. Referring 
to FIG. 15, a pictorial diagram illustrating aspects of one 
embodiment of an aquatic storage facility in accordance 
with the present disclosure is shown. Except where other
wise noted, reference numerals preceded by the number 
"15" shown in FIG. 15 indicate components or features that 
are similar to components or features having reference 
numerals preceded by the number "14" shown in FlGS. 14A 
through 14G, by the number "13" shown in FlGS. 13A, 13B 
and 13C, by the number "12" shown in FlGS. 12A, 12B and 
12C, by the number "11" shown in FlGS. llA through 111, 
by the number "10" shown in FlGS. lOA through lOF, by the 
number "9" shown in FlGS. 9A through 9F, by the number 
"7" shown in FlGS. 7A, 7B and 7C, by the number "6" 
shown in FlGS. 6A through 6H, by the number "4" shown 
in FIG. 4A or FIG. 4B, by the number "2" shown in FIG. 2A 

As is shown in FIG. 14A, an item 1460 (viz., a dog bowl) 
includes a plurality of depth control devices 1465-1, 1465-2, 
1465-3 affixed thereto. A first depth control device 1465-1 is 
affixed in a concave upper opening of the item 1460, while 25 or FIG. 2B, by the number "1" shown in FlGS. lA through 

lM. a second depth control device 1465-2 and a third depth 
control device 1465-3 are affixed to convex undersides ofthe 
item 1460. As is shown in FIG. 14B, the first depth control 
device 1465-1 includes a bladder 1468-1 that may be 
expanded by pressurized air or another fluid (not shown). As 30 

is shown in FIG. 14C, the second depth control device 
1465-2 and the third depth control device 1465-3 are pro
vided at radially opposite points on the convex undersides of 
the item 1460. The second depth control device 1465-2 
includes a ballast tank 1477-2 in a canister-like structure 35 

having a pair of control valves 1478-2A, 1478-2B with 
openings provided on opposite ends. The third depth control 
device 1465-3 includes a ballast tank 1477-3 in a canister
like structure having a pair of control valves 1478-3A, 
1478-3B with openings provided on opposite ends. 

As is discussed above, depth control devices of the 
present disclosure, including but not limited to the depth 
control devices 1465-1, 1465-2, 1465-3 shown in FlGS. 
14A, 14B, and 14C, may be operated independently or in 
concert to vary a depth or a height of an item to which the 
depth control devices are affixed within a body of liquid. As 
is shown in FIG. 14D, the item 1460 may be deposited into 
a storage pool 1440 of water or another aquatic storage 
facility by a worker 1442 or other ingress unit. As is shown 
in FIG. 14E, where a net density ofthe item 1440 is less than 
a density ofwater, or where ProrAD which is equal to a ratio 
of a sum ofthe masses ofthe item 1460, the contents of the 
ballast tanks 1477-2, 1477-3 and the contents ofthe expan
sion volume 1468-1 (or mITEM+mrANK+mExP) to a sum of 
the volumes of the item 1460, the ballast tanks 1477-2, 
1477-3 and the expansion volume 1468-1 (or VITEM+ 

V rANK+ V EXP ), is less than the density of water, or p H 20, the 
item 1460 will float on the surface of the water. 

As is shown in FIG. 14F, the net density of the item, or 
ProrAD may be increased by increasing an amount ofwater 
in the ballast tanks 1477-2, 1477-3, or mrANK· If a suffi
ciently large mass of water is ingested into the ballast tanks 
1477-2, 1477-3, the item 1460 will descend toward a bottom 
1441 ofthe storage pool 1440. As is shown in FIG. 14G, the 
net density of the item, or ProrAD may be decreased by 
increasing a volume of the expansion volume 1468-1, or 
V EXP' such as by pressurizing the expansion volume 1468-1 

As is shown in FIG. 15, a system 1500 includes a storage 
tank 1540 filled with water or another liquid and having a 
plurality of items 1560-n resting on a bottom surface thereof. 
The storage tank 1540 has an ingress unit 1542, a pump 
1543, an egress unit 1544, a flow source 1552 and a 
transducer 1554. The ingress unit 1542 comprises one or 
more chutes or other substantially vertical sections and a 
series of pipes or other substantially horizontal sections for 
inserting items 1560 into the storage tank 1540 from above. 
The pump 1543 is aligned to mechanically provide flow to 
the ingress unit 1542, and cause items inserted therein to 
enter the storage tank 1540. For example, the density ofthe 
items 1560 may be manipulated to cause the items 1560 to 

40 descend down the chute and into the pipes, and the pump 
1543 may urge the items 1560 into the storage tank 1540. 

Additionally, the flow source 1552 may provide flow to 
generate a current in a direction of the egress unit 1544, 
which may also include substantially horizontal sections 

45 (e.g., pipes) and substantially vertical sections (e.g., chutes) 
enabling items 1560 within the storage tank 1540 to be 
accessed by one or more workers. For example, as is shown 
in FIG. 15, in response to one or more acoustic signals 
emitted or radiated into the liquid by the transducer 1554, 

50 one or more of the items 1560-n may inject pressurized air 
into a bladder 1568, thereby causing the bladder 1568 to 
expand in volume, and causing the item 1560 to rise within 
the storage tank 1540. Alternatively, one or more of the 
items 1560-n may pump, drain or blow liquid from an 

55 onboard ballast tank, thereby reducing a mass of the item 
1560, and causing the item 1560 to rise within the storage 
tank 1540. Once the items 1560 reach an approximate depth 
or height of the flow source 1552, the items 1560 may be 
urged toward the pipes of the egress unit 1544, where the 

60 items 1560 may be further configured to manipulate their 
respective densities and to rise within the chutes, so that the 
items 1560 may be retrieved by one or more workers. 
Alternatively, the egress unit 1544 may also include one or 
more pumps (not shown) that may be used to generate flow 

65 in a direction of the egress unit 1544, e.g., to act as a flow 
source, orto cause the items to enter the pipes of the egress 
unit 1544 and rise within the chutes ofthe egress unit 1544. 
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In sorne embodiments, the pipes of the ingress unit 1542 
and the egress unit 1544, and the pump 1543, may be 
independent components that are separately associated with 
the storage tank 1540 and used for the express purposes of 
causing items to enter the storage tank 1540, or causing 
items to exit the storage tank 1540. In other embodiments, 
however, the pipes ofthe ingress unit 1542 and/or the egress 
unit 1544, or the pump 1543, may be utilized by one or more 
other fluid systems, including but not limited to public utility 
systems ( e.g., water supplies ), natural resource systems 10 

(e.g., oil supplies) or the like. 
An aquatic storage facility may include two or more 

fluids, which may be miscible or immiscible in nature, and 
may form layers within the aquatic storage facility accord
ingly. Referring to FIGS. 16A, 16B and 16C, pictorial 15 

diagrams illustrating aspects of one embodiment of an 
aquatic storage facility in accordance with the present dis
closure are shown. Except where otherwise noted, reference 
numerals preceded by the number "16" shown in FIG. 16A, 
16B or 16C indicate components or features that are similar 20 

to components or features having reference numerals pre
ceded by the number "15" shown in FIG. 15, by the number 
"14" shown in FIGS. 14A through 14G, by the number "13" 
shown in FIGS. 13A, 13B and 13C, by the number "12" 
shown in FIGS. 12A, 12B and 12C, by the number "11" 25 

shown in FIGS. llA through llI, by the number "1 O" shown 
in FIGS. lOA through lOF, by the number "9" shown in 
FIGS. 9A through 9F, by the number "7" shown in FIGS. 
7A, 7B and 7C, by the number "6" shown in FIGS. 6A 
through 6H, by the number "4" shown in FIG. 4A or FIG. 30 

4B, by the number "2" shown in FIG. 2A or FIG. 2B, by the 
number "1" shown in FIGS. lA through lM. 

As is shown in FIG. 16A, a system 1600 includes a 
storage pool 1640 having a frame 1641, an ingress unit 1642 
(e.g., a conveyor), an egress unit 1644 (e.g., a conveyor), and 35 

a pivotable diverter arm 1656 aligned adjacent to the egress 
unit 1644 that is configured to swing or pivot outwardly 
from one sidewall of the frame 1641 and to guide items 
toward the egress unit 1644. The storage pool 1640 includes 
a pair of liquids, viz., Liquid 1 and Liquid 2, disposed 40 

therein. An item 1660 having a depth control device 1665 
with a bladder 1668 rests on a bottom ofthe frame 1641. The 
bladder 1668 is expanded to a volume VA. The Liquid 1 and 
the Liquid 2 have different densities p1 , p2 and are substan
tially immiscible, such that Liquid 2 ( e.g., a lighter liquid) 45 

forms a !ayer atop Liquid 1 (a heavier liquid). For example, 
in sorne embodiments, Liquid 1 may be pure water, seawater 
or any other substantially aqueous liquid or mixture, while 
Liquid 2 may be kerosene, isopropyl alcohol, or any other 
liquid having a density that is less than a density of Liquid 50 

1. Additionally, with the bladder 1668 expanded to the 
volume VA, as is shown in FIG. 16A, a net density of the 
item 1660, or PirEM' is greater than the density ofLiquid 1, 
or p1 , which is greater than the density of Liquid 2, or p2 . 

38 
selected in arder to cause the item 1660 to rise to a surface 
of the Liquid 1. Thus, as is shown in FIG. 16C, after the 
bladder 1668 is expanded to the volume ve, the net density 
ofthe item 1660, or PirEM' is less than the density ofLiquid 
1, or Pv which is less than the density of Liquid 2, or p2 . 

Once the item 1660 has approached or broached the surface 
ofLiquid 1, a light 1673 may be illuminated, thereby aiding 
in the location and retrieval of the item 1660 from the 
storage pool 1640. 

Although the disclosure has been described herein using 
exemplary techniques, components, and/or processes for 
implementing the systems and methods of the present dis
closure, it should be understood by those skilled in the art 
that other techniques, components, and/or processes or other 
combinations and sequences ofthe techniques, components, 
and/or processes described herein may be used or performed 
that achieve the same function(s) and/or result(s) described 
herein and which are included within the scope of the 
present disclosure. For example, although sorne of the 
embodiments described herein or shown in the accompany
ing figures refer to the use of man-made storage pools or 
other aquatic facilities in association with a fulfillment 
center, the systems and methods disclosed herein are not so 
limited, and may be utilized in connection with any system 
for storing items, for any reason, including systems featuring 
natural and/or artificial bodies of water or other liquids. 

Although sorne of the embodiments described herein 
describe specific systems or methods for transporting 
objects, or for controlling or changing the positions or 
velocities of such objects, the systems and methods of the 
present disclosure are not so limited, and may be used with 
any process or method for manipulating a density of an 
object within a medium. Additionally, such process or 
methods may be used in series or in parallel, and indepen
dently or in conjunction with one another, in accordance 
with the present disclosure. 

It should be understood that, unless otherwise explicitly 
or implicitly indicated herein, any of the features, charac
teristics, altematives or modifications described regarding a 
particular embodiment herein may also be applied, used, or 
incorporated with any other embodiment described herein, 
and that the drawings and detailed description ofthe present 
disclosure are intended to cover ali modifications, equiva
lents and altematives to the various embodiments as defined 
by the appended claims. Moreover, with respect to the one 
or more methods or processes of the present disclosure 
described herein, including but not limited to the flow charts 
shown in FIG. 3, 5 or 8, the orders in which such methods 
or processes are presented are not intended to be construed 
as any limitation on the claimed inventions, and any number 
of the method or process steps or boxes described herein can 
be combined in any arder and/or in parallel to implement the 
methods or processes described herein. Also, the drawings 
herein are not drawn to scale, particularly regarding the 
relative locations of aspects or elements of the network 
delivery systems disclosed herein to one another in vertical 
and/or horizontal space. 

Conditional language, such as, among others, "can," 
"could," "might," or "may," unless specifically stated oth-

As is shown in FIG. 16B, the bladder 1668 may be 55 

expanded from the volume V A to a volume V B that may be 
selected in arder to cause the item 1660 to reach an interface 
between the Liquid 1 and the Liquid 2. Thus, as is shown in 
FIG. 16B, after the bladder 1668 is expanded to the volume 
VB, the net density ofthe item 1660, or PirEM' is less than 
the density of Liquid 1, or p v but greater than the density of 
Liquid 2, or p2 . Due to the difference in densities between 
the item and both Liquid 1 and Liquid 2, the item 1660 will 
remain in a substantially constant vertical depth or height at 
ornear the interface between the Liquid 1 and the Liquid 2. 

60 erwise, or otherwise understood within the context as used, 
is generally intended to convey in a permissive manner that 
certain embodiments could include, or have the potential to 
include, but do not mandate or require, certain features, 
elements and/or steps. In a similar manner, terms such as 

As is shown in FIG. 16C, the bladder 1668 may be further 
expanded from the volume V B to a volume V e that may be 

65 "include," "including" and "includes" are generally intended 
to mean "including, but not limited to." Thus, such condi
tional language is not generally intended to imply that 
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features, elements and/or steps are in any way required for 
one or more embodiments or that one or more embodiments 
necessarily include logic for deciding, with or without user 
input or prompting, whether these features, elements and/or 
steps are included or are to be performed in any particular 
embodiment. 

The elements of a method, process, or algorithm 
described in connection with the embodiments disclosed 
herein can be embodied directly in hardware, in a software 
module stored in one or more memory devices and executed 10 

by one or more processors, or in a combination of the two. 
A software module can reside in RAM, flash memory, ROM, 
EPROM, EEPROM, registers, a hard disk, a removable disk, 
a CD-ROM, a DVD-ROM or any other form of non
transitory computer-readable storage medium, media, or 15 

physical computer storage known in the art. An example 
storage medium can be coupled to the processor such that 
the processor can read information from, and write infor
mation to, the storage medium. In the alternative, the storage 
medium can be integral to the processor. The storage 20 

medium can be volatile or nonvolatile. The processor and 
the storage medium can reside in an ASIC. The ASIC can 
reside in a user terminal. In the alternative, the processor and 
the storage medium can reside as discrete components in a 
user terminal. 25 

Disjunctive language such as the phrase "at least one ofX, 
Y, or Z," or "at least one ofX, Y and Z," unless specifically 
stated otherwise, is otherwise understood with the context as 
used in general to present that an item, term, etc., may be 
either X, Y, or Z, or any combination thereof (e.g., X, Y, 30 

and/or Z). Thus, such disjunctive language is not generally 
intended to, and should not, imply that certain embodiments 
require at least one ofX, at least one ofY, or at least one of 
Z to each be present. 

Unless otherwise explicitly stated, articles such as "a" or 35 

"an" should generally be interpreted to include one or more 
described items. Accordingly, phrases such as "a device 
configured to" are intended to include one or more recited 
devices. Such one or more recited devices can also be 
collectively configured to carry out the stated recitations. 40 

For example, "a processor configured to carry out recitations 
A, B and C" can include a first processor configured to carry 
out recitation A working in conjunction with a second 
processor configured to carry out recitations B and C. 

Language of degree used herein, such as the terms 45 

"about," "approximately," "generally," "nearly" or "substan
tially" as used herein, represent a value, amount, or char
acteristic clase to the stated value, amount, or characteristic 
that still performs a desired function or achieves a desired 
result. For example, the terms "about," "approximately," 50 

"generally," "nearly" or "substantially" may refer to an 
amount that is within less than 10% of, within less than 5% 
of, within less than 1 % of, within less than 0.1 % of, and 
within less than 0.01 % of the stated amount. As another 
example, in certain embodiments, the terms "nearly vertical" 55 

or "nearly horizontal" may refer to a value, amount, or 
characteristic that departs from exactly vertical or exactly 
horizontal by not more than 15º, 10º, 5º, 3º, 1º, 0.1º or 
otherwise. 

40 
a storage pool filled with a liquid therein, wherein the 

storage pool comprises at least one sidewall and at 
least one bottom; 

a sonar transducer mounted to the at least one sidewall, 
wherein the sonar transducer is configured to emit at 
least one sound into the liquid; 

at least one jet disposed within the at least one sidewall; 
a conveyor configured to remove items from the stor

age pool; and 
a computer device comprising at least one computer 

processor in communication with the sonar trans
ducer, the at least one jet and the conveyor; and 

an item deposited within the storage pool, wherein the 
item includes a depth control device comprising a 
hydrophone, a flexible bladder, a compressed air tank 
and a control valve aligned in series between the 
flexible bladder and the compressed air tank, and 

wherein the at least one computer device is configured to 
at least: 
receive, over a communications network, a request to 

retrieve the item from the storage pool; 
transmit, by the sonar transducer, at least one acoustic 

signa! comprising an instruction to inflate the flex
ible bladder to a first predetermined volume; 

capture, by the hydrophone, the at least one acoustic 
signa!; 

in response to the at least one acoustic signa!, operate 
the control valve to inflate the flexible bladder to the 
first predetermined volume with air from the com
pressed air tank; and 

remove, by the at least one conveyor, the item from the 
storage pool. 

2. The system of claim 1, wherein the at least one 
computer device is further configured to at least: 

cause, by the at least one jet, a flow of the liquid in a 
direction of the conveyor. 

3. A method comprising: 
receiving, by a computer system, a request for at least a 

first item over a network, wherein the first item com
prises a first depth control device; 

determining, by the computer system, that the first item is 
at a first depth in a facility filled at least in part with at 
least one liquid, wherein the first item has a first net 
density at the first depth; 

sending at least a first signa! to the first depth control 
device, wherein the first signa! comprises a first instruc
tion to cause the first item to proceed to a second depth 
in the at least one liquid; and 

in response to the first signa!, 
causing the first item to have a second net density by 

the first depth control device. 
4. The method of claim 3, wherein causing the first item 

to have the second net density comprises at least one of: 
increasing, by the depth control device, a net volume of 

the first item; 
increasing, by the depth control device, a net mass ofthe 

first item; 
decreasing, by the depth control device, the net volume of 

the first item; or 
decreasing, by the depth control device, the net mass of 

the first item. 

Although the invention has been described and illustrated 60 

with respect to illustrative embodiments thereof, the fore
going and various other additions and omissions may be 
made therein and thereto without departing from the spirit 
and scope of the present disclosure. 

5. The method of claim 4, wherein the depth control 
device comprises a flexible bladder formed from at least one 

65 of a rubber, a plastic or a fabric, What is claimed is: 
l. A system comprising: 
an aquatic storage facility comprising: 

wherein the flexible bladder is coupled to a tank com
prising air under pressure, and 
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wherein increasing the net volume of the first item com
prises: 

inflating the flexible bladder with air from the tank. 
6. The method of claim 3, wherein the depth control 

device comprises a ballast tank coupled to an externa! 
surface of the depth control device, 

wherein the ballast tank is at least partly filled by the at 
least one liquid, and 

wherein decreasing the net mass of the first item com-
prises: 10 

discharging at least sorne of the at least one liquid from 
the ballast tank to the facility. 

7. The method of claim 3, wherein the facility comprises: 
at least one sidewall surface; 
at least one bottom surface; 15 

at least one flow source; and 
at least one egress unit. 
8. The method of claim 7, further comprising: 
initiating, by the at least one flow source, a flow ofthe at 

least one liquid in a direction corresponding to the at 20 

least one egress unit. 
9. The method of claim 7, wherein the at least one egress 

unit comprises a conveyor having a first end at least partially 
submerged in the at least one liquid within the facility and 
a second end extending above a surface of the at least one 25 

liquid. 
10. The method of claim 3, wherein the facility is a natural 

body of water. 
11. The method of claim 3, wherein sending at least the 

first signa! to the first depth control device comprises: 30 

emitting the first signa! into the at least one liquid, 
wherein the first signa! comprises: 
at least a first tonal corresponding to the first instruc

tion; and 
at least a second tonal comprising an acoustic identifier 35 

of the first item. 
12. The method of claim 11, wherein the first signa! is 

emitted by one of: 
a first transducer mounted to a sidewall of the facility 

below a surface of the at least one liquid, or 40 

a second transducer mounted to a vessel floating in the at 
least one liquid. 

13. The method of claim 11, wherein the first depth 
control device further comprises a second transducer, and 

wherein the method further comprises: 45 

in response to the first signa!, 
emitting a second signa! into the at least one liquid, 

wherein the second signa! comprises at least a 
third tonal corresponding to an acknowledgment 
of the first instruction. 50 

14. The method of claim 3, wherein the first depth control 
device comprises a depth sensor and a transceiver, and 

wherein the method further comprises: 
determining that the first item is at ornear a surface ofthe 

at least one liquid by the depth sensor; and 55 

sending, to the computer system over the network, a first 
message indicating that the first item is at or near the 
surface of the at least one liquid. 

15. The method of claim 14, wherein the depth control 
device further comprises a visual beacon, and 60 

wherein the method further comprises: 
in response to determining that the first item is at or near 

the surface of the at least one liquid, 
activating the visual beacon. 

16. The method of claim 14, wherein the depth control 65 

device further comprises a Global Positioning System (GPS) 
receiver, and 

42 
wherein the method further comprises: 
in response to determining that the first item is at or near 

the surface of the at least one liquid, 
determining, by the GPS receiver, an estimated position 

of the first item, 
wherein the first message comprises the estimated 

position of the first item. 
17. The method of claim 3, further comprising: 
causing the first item to be deposited in the at least one 

liquid of the facility, 
wherein the first item is caused to be deposited in the at 

least one liquid of the facility by at least one of: 
a human worker; 
an autonomous mobile robot; 
a pump; or 
an aircraft. 

18. The method of claim 3, further comprising: 
causing a plurality of items to be deposited in the at least 

one liquid of the facility, wherein each of the items 
comprises a depth control device, and wherein the first 
item is one of the plurality of items; and 

establishing, by the computer system, a schedule for 
causing each of the plurality of items to rise to the 
surface of the at least one liquid at a predetermined 
time, 

wherein sending at least the first signa! to the first depth 
control device comprises: 

emitting a plurality of signals into the at least one liquid 
in accordance with the schedule, wherein each of the 
plurality of signals comprises an instruction to cause 
one of the plurality of items to rise to the surface of the 
at least one liquid, and 

wherein the first signa! is one of the plurality of signals. 
19. The method of claim 3, wherein establishing the 

schedule for causing each of the plurality of items to rise to 
the surface of the at least one liquid comprises: 

determining a leve! of demand for at least sorne of the 
plurality of items, 

wherein the schedule is established based at least in part 
on the leve! of demand for the at least sorne of the 
plurality of items. 

20. The method of claim 3, further comprising: 
causing the first item to be deposited in the at least one 

liquid of the facility; 
causing, by the first depth control device, the first item to 

have the first net density prior to a first time, wherein 
the first net density equals or exceeds a density of the 
at least one liquid, 

wherein the first item is caused to have the second net 
density at the first time. 

21. The method of claim 3, further comprising: 
selecting, by the computer system, the first net density 

based at least in part on the first depth; and 
selecting, by the computer system, the second net density 

based at least in part on the second depth. 
22. The method of claim 3, wherein the facility is filled at 

least in part with a first liquid having a first liquid density 
and a second liquid having a second liquid density, 

wherein the first net density is greater than at least one of 
the first liquid density or the second liquid density, and 

wherein the second net density is less than at least one of 
the first liquid density or the second liquid density. 

23. A cartridge configured for mounting to an item, the 
cartridge comprising: 

a tank comprising compressed air; 
a flexible bladder; 
a control valve between the flexible bladder and the tank; 
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a hydrophone; and 
a computer processor in communication with the control 

valve and the hydrophone, 
wherein the computer processor is configured to at least: 

receive, by the hydrophone, an acoustic signa! com
prising an instruction to change a depth of the item 
within a liquid; 

interpret, by the computer processor, the acoustic sig
na!; and 

cause, by the control valve, the flexible bladder to 10 
inflate with at least sorne ofthe compressed air in the 
tank. 

24. The cartridge of claim 23, wherein the computer 
process is configured to at least: 

determine a desired depth within the liquid based at least 15 
in part on the interpreted acoustic signa!; 

identify a density of the item associate with the desired 
depth; 

selecta volume ofthe flexible bladder associated with the 
density of the item; and 

cause, by the control valve, the flexible bladder to inflate 
to the selected volume with the at least sorne of the 
compressed air in the tank. 

20 

44 
25. The cartridge of claim 23, further compnsmg a 

transceiver configured to communicate over a network 
wherein the transceiver is in communication with' the 

computer processor, and 
wherein the computer processor is further configured to at 

least: 
determine that the item is at or near a surface of the 

liquid; and 
transmit, by the transceiver over the network, at least 

one message indicating that the item is at ornear the 
surface of the liquid. 

2.6: The cartridge of claim 25, further comprising a 
pos1t10n sensor, 

wherein the position sensor is in communication with the 
computer processor, and 

wherein the computer processor is further configured to at 
least: 

determine, by the position sensor, a position of the car
tridge, 

wherein the at least one message identifies the position of 
the cartridge. 

* * * * * 
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LANE ASSIGNMENTS FOR AUTONOMOUS 
VEHICLES 

BACKGROUND 

2 
roadways by one or more roadway management systems 
associated with a roadway network. The roadway manage
ment systems can configure lanes of a roadway and assign 
usage of lanes within the roadway to autonomous vehicles 
based upan a capability of the autonomous vehicle, a speed 
ofthe autonomous vehicle, a destination ofthe autonomous 
vehicle, a priority assigned to the autonomous vehicle, a 
number of occupants, a direction of travel, or other factors. 
An autonomous vehicle can request usage of a portian of a 

Autonomous vehicles can facilitate efficient transporta
tion networks. Reversible or reconfigurable lanes can also 
facilitate efficient traffic flow through roadways in a roadway 
network. Autonomous vehicles may not have information 
about reversible lanes when approaching a portian of a 
roadway that has reversible lanes. Additionally, an autono
mous vehicle may be unaware of an optima! lane at which 
to enter a roadway that has reversible lanes. 

10 roadway from a roadway management system that is tasked 
with managing the portian of the roadway by submitting a 
request to use the roadway to the roadway management 
system over a network. A roadway management system can 
assign usage of a roadway to an autonomous vehicle by 

BRIEF DESCRIPTION OF THE DRAWINGS 

Many aspects of the present disclosure can be better 
understood with reference to the following drawings. The 
components in the drawings are not necessarily to scale, 
with emphasis instead being placed upan clearly illustrating 
the principies of the disclosure. Moreover, in the drawings, 
like reference numerals designate corresponding parts 
throughout the severa! views. 

15 assigning a particular lane in a portian of a roadway during 
a particular period of time and at a particular velocity or 
velocity range. 

For example, assume that an autonomous vehicle is 
approaching a roadway or a particular portian of a roadway. 

20 The autonomous vehicle can identify a roadway manage
ment system that is assigned to the portian of the roadway 
and submit a request to use the roadway to the roadway 
management system. The roadway management system can 

FIGS. lA-lC illustrate a networked environment includ-
ing autonomous vehicles according to various embodiments 25 

of the present disclosure. 
FIG. 2 illustrates an altemative view of the networked 

environment ofFIG. 1 according to various embodiments of 
the present disclosure. 

identify a period of time anda particular lane of the roadway 
that is best suited to assign to the autonomous vehicle while 
taking into account an outcome directive. The outcome 
directive can be a directive to maximize traffic flow through 
the roadway, maximize toll or parking revenue, maximize a 
speed of vehicles moving through the roadway, or a com-

FIG. 3 is a flowchart illustrating one example of func
tionality implemented as portions of an autonomous vehicle 
controller executed in a vehicle in the networked environ
ment of FIGS. lA-lC and 2 according to various embodi
ments of the present disclosure. 

30 bination of various factors. U pon performing an analysis of 
the current state of the roadway and of the autonomous 
vehicle, the roadway management system can assign a 
particular lane or a portian of a lane during a particular 

FIG. 4 is a flowchart illustrating one example of func- 35 

tionality implemented as portions of a roadway management 
system executed in the computing environment in the net
worked environment of FIGS. lA-lC and 2 according to 
various embodiments of the present disclosure. 

FIG. 5 is a flowchart illustrating one example of func- 40 

tionality implemented as portions of an autonomous vehicle 
controller executed in a vehicle in the networked environ
ment of FIGS. lA-lC and 2 according to various embodi
ments of the present disclosure. 

FIG. 6 is a schematic block diagram that provides one 45 

example illustration of a computing environment employed 
in thenetworked environment ofFIGS. lA-lC and2 accord
ing to various embodiments of the present disclosure. 

period of time to the autonomous vehicle. 
In the following discussion, a general description of the 

system and its components is provided, followed by a 
discussion of the operation of the same. 

FIG. lA illustrates a networked environment 100 for 
coordination of autonomous vehicles in a roadway. The 
networked environment 100 includes a computing environ
ment 103, a roadway 104, a network 110, anda plurality of 
vehicles 105 (e.g., 105a, 105b, 105c). As shown in FIG. lA, 
the computing environment 103 includes a transportation 
network data store 112 and a roadway management system 
115. 

The vehicles 105 can be embodied as any type ofvehicle, 
including but not limited to cars, trucks, vans, buses, street 
cars, helicopters, trains, subways, aircrafts, boats, etc., 
regardless of how powered or driven. Each vehicle 105 

DETAILED DESCRIPTION 50 includes an autonomous vehicle controller that controls its 
maneuvering operations on surface streets, highways, sky
ways, parking lots, waterways, etc. The autonomous vehicle 
controller may also control additional components within 
the vehicle that allow the vehicle to be repurposed to 

55 perform a variety oftasks. The autonomous vehicle control
lers of the vehicles 105 are in communication with the 

The present disclosure relates to on-road coordination of 
autonomous vehicles through a roadway or a portian of a 
roadway. An autonomous vehicle relates to a self-driving 
vehicle that is capable of operation without human input. An 
autonomous vehicle can be a passenger automobile, mass
transit vehicle, a commercial vehicle, street cleaning 
vehicle, law enforcement vehicle, emergency vehicle, or any 
other type of vehicle that can operate on a road. An autono
mous vehicle can also include vehicles that are not tradi- 60 

tionally thought of as transportation vehicles. For example, 
an autonomous vehicle can include a trash dumpster, a 
vacuum cleaner, a lawnmower, or any other type of vehicle 
or apparatus that can be equipped with a drive system and 
components that facilitate navigation through roadways. 

According to sorne embodiments of the present disclo
sure, autonomous vehicles can be coordinated while on 

roadway management system 115 via the network 110 and 
receive instructions related to which lane within the roadway 
104 that a respective vehicle 105 is assigned anda time at 
which the vehicle 105 is assigned to the lane. 

The vehicles 105 can request usage of a portian of the 
roadway, and the roadway management system 115 can 
assign usage of a portian of the roadway to vehicles 105 in 
a manner that can optimize for traffic flow, safety, and other 

65 considerations. A request to use a portian of a roadway from 
a vehicle 105 can include environmental data about the 
surroundings of a vehicle 105 and about the vehicle 105 
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itself. For example, the vehicle 105 can capture data about 
whether other vehicles 105 are in its vicinity or in clase 
proximity to the vehicle 105, a location of the vehicle 105, 
a velocity of the vehicle 105, an orientation of the vehicle 
105, a number and makeup of passengers, information about 
cargo of the vehicle 105, a size and weight of the vehicle, 
and other data. 

4 
105d represents an emergency vehicle that requires use of 
the roadway. The vehicles 105a, 105b, 105c are directed by 
the roadway management system 115 to move from lane 106 
to lane 107 because the vehicle 105d has requested use of the 
roadway 104 in a particular travel direction and is associated 
with a higher priority use than the vehicles 105a, 105b, 
105c. In sorne examples, the roadway management system 
115 can determine a priority of the vehicle 105d or a use of 
the vehicle 105d based upan a vehicle identifier or other data 

The vehicle 105 can include this environmental data in a 
request to use a portian of the roadway. Additionally, a 
request to use a portian of the roadway can further include 
a requested destination of the vehicle 105, whether the 
destination terminates within ornear the roadway or whether 
the vehicle 105 merely requires transit through a portian of 

10 that is not included in a request received from the vehicle 
105d. 

a roadway managed by the roadway management system 
115 to another portian of another roadway that is managed 15 

by another roadway management system 115. The request 
can also include a priority associated with the request. For 
example, a law enforcement vehicle or emergency vehicle 
responding to an emergency situation or involved in law 
enforcement activities can be associated with a higher 20 

priority than other vehicles 105. As another example, a 
public transportation vehicle 105 can be assigned a higher 
priority than a personal transport vehicle 105. As yet another 
example, a vehicle 105 that is paying a toll or user fee to use 
the roadway 104 can be assigned a higher priority than 25 

another vehicle 105 that is not paying the toll or that is 
paying a lower toll rate. 

The vehicle 105 can submit a request to use a portian of 
the roadway 104 to the roadway management system 115. 
The roadway management system 115 can be tasked with 30 

identifying when the vehicle 105 can safely use the roadway 
without endangering other vehicles while optimizing for a 
certain outcome directive. The roadway management system 
115 can make such a determination by analyzing a state of 
the roadway and its various travel lanes and assigning a 35 

requesting vehicle entrance to the roadway at a particular 
lane at a particular time and at a particular velocity or 
velocity range. 

The roadway management system 115 can also assign a 
lane configuration to the various lanes ofthe roadway 104. 40 

As can be seen in FIG. lA, the roadway 104 has multiple 
lanes that can be assigned a lane configuration by the 
roadway management system 115. The lane configuration 
can be assigned to help optimize for the outcome directive. 
Lanes can be reversible when the roadway management 45 

system 115 determines that reversing a direction of travel 
would further the outcome directive. For example, a par
ticular lane can be designated as a westbound travel lane 
during a certain time ofthe day by the roadway management 
system 115 and as an eastbound travel lane during another 50 

time of day. The direction of travel may be changed or 
reversed many times in a day and can even vary by the 
minute depending upan traffic conditions and the demands 
of other users and vehicles 105 of the roadway. 

Therefore, in the example of FIG. lA, the roadway 55 

management system 115 can generate a roadway assignment 
that provides the vehicles 105a, 105b, 105c, and other 
autonomous vehicles with an assignment to a particular lane 
of the roadway 104 at a particular time and at a particular 
velocity or velocity range. In one example, the roadway 60 

assignment can be considered permission for a particular 
vehicle 105 to enter the roadway at a particular time and 
travel along the roadway at a particular velocity, at a 
particular maximum velocity, or a velocity range. 

Continuing the example of FIG. lA, reference is now 65 

made to FIG. lB. FIG. lB illustrates the roadway 104 shown 
in FIG. lA in an altemative scenario. In FIG. lB, vehicle 

Accordingly, the roadway management system 115 can 
generate and transmit an update to the previous roadway 
assignment that assigned the vehicles 105a, 105b, 105c to 
lane 106. In this scenario, the roadway assignment can 
include an identification of the lane 107 as well as a time that 
the vehicles 105a, 105b, 105c should enter the lane 107. The 
roadway management system 115 can also generate a road
way assignment for the vehicle 105d that identifies the lane 
106 to which the vehicle 105d has been assigned and a time 
at which the vehicle 105d is to enter the lane 106. 

As shown in FIG. lB, there are other vehicles 105 within 
the lane 107. Therefore, in sorne examples, the roadway 
management system 115 can generate updated roadway 
assignments for the other vehicles 105 to adjust the respec
tive velocities to provide for the safe merging of the vehicles 
105a, 105b, 105c within the lane 107. In another scenario, 
the roadway management system 115 can instruct the 
vehicles 105a, 105b, 105c to move to lane 107 and rely upan 
the autonomous navigation features associated with the 
vehicles 105 entering the lane 107 and the vehicles 105 
already in the lane 107 to safely merge with one another. 

In sorne embodiments, the roadway management system 
115 can be implemented as a distributed system where 
multiple instances of the roadway management system 115 
are responsible for different respective portions of a trans
portation network. For example, a first instance of a roadway 
management system 115 can be responsible for a particular 
roadway segment and manage the lanes and vehicles 105 
that enter this roadway segment. A second instance of a 
roadway management system 115 can be responsible for an 
adjacent roadway segment. Other examples and variations 
of how a vehicle 105 and various roadway management 
systems 105 can operate are provided below. 

Referring now to FIG. lC, shown is an example of how 
the roadway management system 115 can generate various 
types of lane configurations for the various lanes of the 
roadway 104. As shown in the previous examples of FIGS. 
lA-lB, the lanes hada fixed width and flexible directional 
configurations. In the example ofFIG. lC, the lanes 108 and 
109 of the roadway 104 are shown to have flexible widths. 
In this way, the roadway management system 115 can vary 
the width of a lane of the roadway 104 depending upan the 
types ofvehicles that request usage ofthe roadway 104. For 
example, wide-bodied vehicles may request usage of a 
roadway, so the roadway management system 115 can 
increase the width of a lane relative to other lanes of the 
roadway. In another example, a particular lane, such as lane 
108, can be configured for usage by two-wheeled vehicles 
such as motorcycles and bicycles, which can result in a 
narrower lane width. 

Tuming now to FIG. 2, an altemative view of the net
worked environment 100 in FIGS. lA-lC is illustrated 
according to various embodiments ofthe present disclosure. 
The networked environment 100 includes the computing 
environment 103, the network 110, and the vehicle 105 in 
data communication via the network 110. The network 110 
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includes, for example, the Internet, intranets, extranets, wide 
area networks (WANs), local area networks (LANs), wired 
networks, wireless networks, cable networks, satellite net
works, or other suitable networks, etc., or any combination 
of two or more such networks. 

The computing environment 103 may comprise, for 
example, a server computer or any other system providing 
computing capability. Altematively, the computing environ
ment 103 may employ a plurality of computing devices that 
may be arranged, for example, in one or more server banks 
or computer banks or other arrangements. Such computing 
devices may be located in a single installation or may be 
distributed among many different geographical locations. 
For example, the computing environment 103 may include 
a plurality of computing devices that together may comprise 
a hosted computing resource, a grid computing resource, 
and/or any other distributed computing arrangement. In 
sorne cases, the computing environment 103 may corre
spond to an elastic computing resource where the allotted 
capacity of processing, network, storage, or other comput
ing-related resources may vary over time. 

Various applications and/or other functionality may be 
executed in the computing environment 103 according to 
various embodiments. Also, various data is stored in the 
transportation network data store 112 that is accessible to the 
computing environment 103. The transportation network 
data store 112 may be representative of a plurality of data 
stores 112 as can be appreciated. The data stored in the 
transportation network data store 112, for example, is asso
ciated with the operation of the various applications and/or 
functional entities described below. 

The components executed on the computing environment 
103, for example, include the roadway management system 
115, and other applications, services, processes, systems, 
engines, or functionality not discussed in detail herein. The 
roadway management system 115 includes a roadway status 
monitor 124. 

The roadway status monitor 124 is executed to monitor 
and analyze the status of a roadway that is managed by the 
roadway management system 115. For example, the road
way status monitor 124 can obtain data from various road
way sensors. Roadway sensors can include traffic cameras, 
in-ground vehicle sensors, such as inductive sensors, motion 
detectors, or other sensors or devices that are associated with 
a roadway 104. The roadway status monitor 124 can provide 
data from which the roadway management system 115 can 
generate configuration for lanes of a roadway and generate 
roadway assignments for vehicles 105. For example, the 
roadway status monitor 124 can determine traffic conditions 
or a volume or quantity of vehicles 105 that are within a 
roadway segment. The roadway status monitor 124 can 
determine an average velocity of vehicles 105 that are within 
a roadway segment. The roadway status monitor 124 can 
also determine whether obstructions, damage or other fac
tors are affecting road conditions of one or more lanes within 
a roadway segment. 

6 
configuration can also include an indication that a particular 
lane or portian of a lane in a roadway 104 is a parking lane 
where vehicles 105 are permitted to park. 

Based upan the data obtained from the roadway status 
monitor 124 as well as requests from vehicles 105 to use a 
portian of the roadway, the roadway management system 
115 can generate roadway assignments for vehicles 105 and 
lane configurations for lanes within a roadway 104. Addi
tional detail with respect to how the roadway management 

10 system 115 can generate roadway assignments and lane 
configurations is provided below. 

The data stored in the transportation network data store 
112 includes, for example, roadway data 130 and potentially 
other data. The roadway data 130 includes data about one or 

15 more roadways or portions of roadways that the roadway 
management system 115 manages and/or monitors. A road
way ora portian of a roadway can include a stretch of public 
or private road, a sidewalk, a bridge, a tollway, a freeway, a 
parking lot, or any other stretch of roadway on which 

20 vehicles can move. The roadway data 130 can include 
mapping and location data associated with the roadways 
managed by the roadway management system 115. 

The roadway status 148 within the roadway data 130 
includes status information associated with the roadway. 

25 Roadway status 148 can be generated by or retrieved from 
the roadway status monitor 124 based upan traffic cameras, 
in-ground or above-ground vehicle sensors, motion detec
tors, telemetry data from vehicles 105 on the roadway, road 
construction data, lane closure data, law enforcement or 

30 emergency agency data sources, weather data sources or 
weather forecasting data sources, or other sources. The 
roadway status 148 reflects traffic conditions, weather con
ditions, and whether there are lane closures or other forms 
of road construction or obstructions that may affect how 

35 vehicles 105 should be assigned to lanes within the roadway. 
Roadway status 148 can also include a quantity ofvehicles 
105 in the roadway and in the respective lanes of the 
roadway. Roadway status 148 can further include a velocity 
of individual vehicles 105 oran average velocity of vehicles 

40 105 in the respective lanes of the roadway. 
Lane configurations 151 reflect data regarding lanes 

within the roadway. Lane configurations 151 can specify a 
direction of travel of a particular lane within the roadway. 
For example, a lane within the roadway can be specified as 

45 a reversible lane. Accordingly, a particular lane can have a 
lane configuration 151 in a first direction of travel or a 
second direction of travel. A lane can also be configured as 
a parking lane where vehicles 105 can park. In sorne 
scenarios, a lane may be configured as a parking lane during 

50 low traffic conditions and as a travel lane during high traffic 
conditions. Certain lanes within the roadway may be des
ignated as not reversible and as a permanent travel lane in a 
particular travel direction. Additionally, in sorne embodi
ments, the roadway management system 115 can adjust the 

55 width of a lane of the roadway. The roadway management 
system 115 can generate a lane configuration 151 for the 
various lanes in a roadway based upan an analysis of the 
roadway status 148, other roadway data 130, and requests 

The roadway management system 115 can generate lane 
configurations for lanes within roadways 104 and roadway 
assignments for vehicles 105 requesting use of one or more 
roadways 104 managed by the roadway management system 60 

115. Lane configurations represent how lanes of a roadway 
104 are configured and used by vehicles 105. For example, 

from vehicles 105 to use the roadway. 
Roadway rules 153 reflect constraints associated with a 

roadway. The roadway rules 153 can specify certain lane 
configurations 151 for lanes that are required at certain times 
of day. Roadway rules 153 can also specify tolls, if any are 
associated with a roadway, that a vehicle 105 must pay in 

a lane configuration can represent a direction of travel, or 
restrictions on the type of vehicles 105 permitted in a lane. 
For example, a lane configuration for a particular lane may 
specify that only mass transportation, high-occupancy 
vehicles or carpools are permitted in a particular lane. A lane 

65 arder to traverse the roadway, or a particular lane of the 
roadway. In sorne examples, the roadway rules 153 can 
specify that the roadway management system 115 can 
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employ a demand-based toll pricing model, where vehicles 
105 requesting faster passage through the roadway can 
receive higher priority roadway assignments depending on 
how much the vehicle pays or offers to pay in tolls. Roadway 
rules 153 can also specify parking rates for the roadway 
should lanes within the roadway be configured as parking 
lanes by the roadway management system 115. 

8 

Roadway rules 153 can specify whether, during certain 
times of day, restrictions are imposed on the type of occu
pancy ofvehicles 105 that are permitted on the roadway. For 
example, during certain times of day, a roadway rule 153 
may specify that only high occupancy vehicles and public 
transit vehicles are permitted on a roadway. As another 
example, a roadway rule 153 can specify that commercial 
vehicles carrying freight are only permitted on the roadway 
during limited hours. The roadway management system 115 
can take into account roadway rules 153 that may specify 
constraints or restrictions when assigning lane configura
tions 151 or when generating roadway assignments for 
vehicles 105. 

For example, roadway cost function 157 can take into 
account preferences of an occupant of a vehicle 105, the 
capabilities of the vehicle 105, the status of the roadway, and 
the status of the environment in which the roadway is 
situated. Upan receiving a request to use the roadway, the 
roadway management system 115 can select a lane assign
ment from among the various lanes of the roadway that 
minimizes the cost to use the roadway according to the 
roadway cost function 157. Additionally, the roadway man-

lO agement system 115 can also update the lane assignments of 
ali of the vehicles using the roadway based upan the 
roadway cost function 157, as introducing a new vehicle 105 
into the roadway may affect the outcome of their use of the 

15 
roadway according to the roadway cost function 157. 

Vehicle roadway assignments 159 represent roadway 
assignments for vehicles 105 on the roadway. The vehicle 
roadway assignments 159 can specify an identifier for a 
particular vehicle 105, an identifier for a lane within the 

The outcome directive 155 reflects a particular outcome 
associated with the roadway that the roadway management 
system 115 optimizes for when making roadway assign
ments and lane configurations 151. For example, the out
come directive 155 can instruct the roadway management 
system 115 to optimize for maximizing road throughput, or 

20 roadway, anda time that the vehicle 105 is permitted to use 
the lane. A vehicle roadway assignment 159 can also specify 
a velocity or velocity range that the vehicle 105 is permitted 
to travel on the roadway as well as a direction of travel that 
the vehicle 105 is permitted to travel in its assigned lane. In 

25 sorne cases, a vehicle 105 can be assigned permission to 
park in a lane in the roadway. Accordingly, in this scenario, 
the vehicle roadway assignment 159 can reflect that the 
vehicle is permitted to park in the roadway and potentially 
assign a parking spot within the roadway to the vehicle 105. 

a quantity of vehicles 105 that pass through the roadway 
over a period of time. As another example, the outcome 
directive 155 can instruct the roadway management system 
115 to optimize for maximizing toll revenue. The outcome 
directive 155 can also specify that the roadway management 
system 115 should optimize for maximizing the velocity or 
average velocity of cars through the roadway. In sorne 
embodiments, there can be different outcome directives 155 
for different times of the day and/or different lanes within the 35 

roadway. For example, during rush hour, the roadway man
agement system 115 can optimize for maximizing road 
throughput. During other times of the day, the roadway 
management system 115 can optimize for maximizing toll or 
parking revenue. 

30 The vehicle 105 can include an autonomous vehicle 
controller 160, a drive system 163, a communications inter
face 166, a vehicle data store 173, camera 175, location 
detection system 178, a radar detector 181, and/or other 
vehicle related components. The autonomous vehicle con
troller 160 may be embodied as analog, digital, or mixed 
analog and digital processing circuitry and memory that 
direct the operation of the vehicle 105 and the electrome
chanical drive system 163 of the vehicle. In that sense, the 

40 autonomous vehicle controller 160 is an example of an 
embedded real-time control system in which control outputs 
are produced in response to control input conditions. The 
autonomous vehicle controller 160 may include various 

The roadway cost function 157 is a cost function associ
ated with use of the roadway that the roadway management 
system 115 can use to determine lane configurations and 
roadway assignments. The roadway cost function 157 takes 
into account the number of lanes in the roadway, speed 45 

limits associated with the roadway, or a throughput metric 
associated with the roadway, which can be expressed as a 
maximum number ofvehicles 105 that can use the roadway 
over a period in time. The roadway cost function 157 can 
also take into account a quantity of vehicles 105 that are 50 

already on the roadway and the their respective direction of 
travel, whether they are parked on the roadway, and a 
priority associated with their use of the roadway. The 
roadway cost function 157 can take into account factors that 
affect the roadway, the vehicles, and other externa! factors, 55 

such as weather or roadway conditions. 
Upan receiving a request to use the roadway from the 

vehicle 105, the roadway management system 115 can use 
roadway cost function 157 to determine whether and where 
to assign a vehicle 105 to use the roadway. In one example, 60 

in response to receiving a request to use the roadway, the 
roadway management system 115 can generate a roadway 
assignment that has the least cost impact based upan the 
roadway cost function 157. The roadway cost function 157 
can take into account factors associated with use of a 65 

particular lane of the roadway as well as the impact of a 
particular vehicle's use ofthe various lanes ofthe roadway. 

sensors, such as, for example, cameras, three-dimensional 
(3D) laser scanners, laser illuminated detecting and ranging 
sensors (LIDAR), radar, range scanners, 3D depth sensing 
devices, etc., which may be relied upan to analyze the 
surrounding environment, develop control signals for opera
tion of the drive system 163, detect an occurrence of an 
event (e.g., brush fire, car accident, etc.), and/or other 
actions. Among various embodiments, the autonomous 
vehicle controller 160 may perform the processing necessary 
to direct operation of the vehicle 105 alone or in tandem with 
other computing systems, including but not limited to the 
drive system 163, the computing environment 103, and/or 
other computing devices and systems. The autonomous 
vehicle controller 160 may include other applications, ser
vices, processes, systems, engines, or functionality not dis
cussed in detail herein. 

The autonomous vehicle controller 160 may access the 
included memory areas, including the vehicle data store 173, 
that store data used for navigation of the vehicle 105, such 
as street image or view data, roadway data, navigation data, 
etc. The autonomous vehicle controller 160 is configured to 
use feedback from its sensors and the drive system 163, for 
example, to develop an appropriate and suitable route for 
travel. The route may be determined primarily from a 
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destination location submitted by a passenger of the vehicle 
or any other user or device that can direct the activities of the 
vehicle 105. 

10 
diagnostic trouble codes, fue! efficiency, vehicle speed, 
revolutions per minute (RPM), emissions, radar sensor data, 
and/or other information. 

Vehicle data 184 can further include passenger informa
tion that includes information about the current passengers, 
previous passengers, and/or future passengers ofthe vehicle 
105. The passenger information may be determined based at 
least in part on image and/or voice recognition software, 
input data, predefined passenger profile information, etc. For 

Among the embodiments, the autonomous vehicle con
troller 160 may be integrated with the drive system 163 of 
the vehicle 105 in any suitable manner to permit the autono
mous vehicle controller 160 to control the operations ofthe 
vehicle 105, including but not limited to the acceleration, 
braking, turning, signa! and lamp operation, etc. In that 
sense, the autonomous vehicle controller 160 may be elec
trically, mechanically, and electromechanically integrated 
with the drive system 163 and the other elements of the 
vehicle 105. 

10 example, a camera within the passenger cabin may be able 
to capture an image of the passengers. To identify the 
passengers, the image may be analyzed via image recogni
tion software. The passenger information may then be stored 

The drive system 163 may be embodied as the powertrain 
15 

and associated electrical, mechanical, hydraulic, electrome
chanical, control, and diagnostic systems ofthe vehicle 105. 
Thus, the drive system 163 may include one or more 
engines, motors, transmissions, steering, braking, and other 
systems to control the movement of the vehicle 105 on 20 

surface streets, parking lots, off-road surfaces, etc. As noted 
above, the drive system 163 operates the vehicle 105 at the 
direction of the autonomous vehicle controller 160. 

in the vehicle data store 173 and/or sent to the roadway 
management system 115. 

The cameras 175 may be embodied as one or more 
cameras having a field ofview within the passenger cabin of 
the vehicle 105 anda field ofview outside the vehicle 105. 
Using the cameras 175, still images and/or video may be 
relayed from the vehicle 105 to the computing environment 
103, where it may be captured by the roadway status monitor 
124. The images and/or video may be relied upan by the 
roadway management system 115 to determine roadway 
assignments for a vehicle by identifying whether vehicles 

25 105 are in the same lane or neighboring lanes in the vicinity 
of a vehicle 105. Thus, video monitoring and continuous 
recording may be relied upan for both the inside and outside 
of the vehicles 105. 

The communications interface 166 may be embodied as 
one or more physical !ayer communications systems and 
associated software interfaces for communication between 
the vehicle 105, the computing environment 103, and/or 
other vehicles 105 via the network 110. In that context, the 
communications interface 166 may include one or more 
wired or wireless (e.g., cellular, satellite, Wi-Fi®, Blu- 30 

etooth®, etc.) communications interfaces. Among other 
data, the communications interface 166 may be relied upan 
to transmit requests to use a portian of a roadway to a 
roadway management system 115 that is assigned to manage 
the roadway. The communications interface 166 may also be 35 

employed to facilitate vehicle 105 to vehicle 105 commu
nications where an autonomous vehicle controller 160 of a 
first vehicle 105 can communicate with an autonomous 
vehicle controller 160 of another vehicle 105 to facilitate 

The location detection system 178 may be embodied as a 
global positioning system (GPS) receiver, Global Naviga
tion Satellite System (GLONASS), or other type of location 
finding system that is configured to identify the geographic 
location of the vehicles 105 as they move from place to 
place. The radar detector 181 may be embodied as a device 
configured to monitor the speed of the vehicle 105 itself 
and/or other vehicles 105 around the vehicle. The autono-
mous vehicle controller 160 can use radar data, data from 
cameras, and/or location data to navigate within lanes of a 
roadway. 

navigation through a roadway and to eliminate vehicle 40 

collisions. 
Destination data 185 identifies a destination associated 

with the vehicle 105. The destination can be set by a user or 
passenger of the vehicle or another system or person. The 
destination can reflect a geographic location or point of 
interest. The destination can also reflect a request to park at 
or near a particular geographic location or point of interest. 
Within the destination data 185, user or vehicle 105 prefer-

The data stored in the vehicle data store 173 includes 
vehicle data 184, a roadway assignment 187, and destination 
data 185. The vehicle data 184 can include any information 
or data about the vehicle 105 or the status of the vehicle 105 45 

that can be used to facilitate navigation or assigning the 
vehicle 105 to lanes in a roadway. Vehicle data 184 can 
include a vehicle identifier such as, for example, a vehicle 
identification number (YIN s) and/ or other type of unique 
identifier used to identify the vehicle 105. The vehicle data 
184 can further include a vehicle type that includes make, 
model, and/or other vehicle related information. The vehicle 
data 184 can further include operational capabilities of the 
vehicle, such as its size and weight, its passenger capacity, 
its acceleration capability or its velocity capabilities. The 
vehicle data 184 can also include a vehicle history that 
contains history, maintenance history, and/or any type of 
history related information. 

Vehicle data 184 can also include telemetry data received 
from the autonomous vehicle controller of the vehicle 105. 
The telemetry data may include, existing route data, planned 
stop data, resource supplies (e.g., fue! leve!, battery capac
ity), fue! efficiency, a propulsion type, location data, system 
diagnostic data and/or other relevant telemetry information 
related to the vehicle 105. For example, the system diag
nostic data may include on-board diagnostic (OBD) mea
surement data from the vehicles 105 such as, for example, 

ences can also be stored with respect to how a route should 
be mapped or requested. For example, a user of a vehicle 
105 may prefer the fastest route by average velocity or total 

50 trip time. The user may prefer a route where no tollways are 
taken. The user may prefer to pay additional tolls or fees to 
speed the route of a vehicle 105 to a destination. Based upan 
the destination data 185, the autonomous vehicle controller 
160 can generate a route and generate requests to use 

55 roadways that are on the route on behalf of the vehicle 105. 
The requests are transmitted to a roadway management 
system 115 that manages a particular roadway on the route 
generated by the autonomous vehicle controller 160. The 
roadway management system 115 can obtain the request and 

60 determine when and in which lane of the roadway the 
vehicle 105 can use the roadway. 

The roadway assignment 187 represents one or more 
assignments to one or more roadways that are within the 
route of the vehicle 105. A roadway assignment 187 can 

65 represent an assignment received from the roadway man
agement system 115 that assigns the vehicle 105 a particular 
lane within a particular roadway at a particular time at a 
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particular velocity or velocity range and in a particular 
direction of travel. Multiple roadway assignments 187 can 
be stored within the vehicle data store 173 that correspond 
to the various roadways used by the vehicle 105 to navigate 
to its destination. 

Next, a description of how the roadway management 
system 115 and autonomous vehicle controller 160 can 
facilitate on-road coordination of vehicles is provided. To 
begin, a vehicle 105 can map a route to a destination 
specified by a user using mapping data that can be retrieved 10 

or stored by the autonomous vehicle controller 160. The 
autonomous vehicle controller 160 can then identify a 
roadway management system 115 that is responsible for a 
roadway ora portian ofthe roadway that it needs to traverse 

15 
in arder to reach its destination. The autonomous vehicle 
controller 160 can identify the appropriate roadway man
agement system 115 by consulting mapping data that iden
tifies a roadway management system 115 responsible for a 
particular roadway by network address or other addressable 20 

mechanism. In an alternative scenario, the appropriate road
way management system 115 can identify itself to a vehicle 
105 by broadcasting a message to the vehicle 105 over the 
network 11 O as the vehicle 105 nears the roadway. In sorne 
examples, a roadway management system 115 is not 25 

assigned to every roadway or portian of a roadway on a 
route of a vehicle 105. In sorne scenarios, only the most 
heavily trafficked roadways may be assigned to a roadway 
management system 115 to optimize traffic flow and/or 
maximize revenue metrics associated with the roadway, 30 

such as toll revenue or parking revenue. 
The autonomous vehicle controller 160 can generate a 

request to use the roadway as it nears the roadway managed 
by the roadway management system 115 or well in advance 
of nearing the roadway. The request can include vehicle data 35 

184 associated with the vehicle 105, such as an occupancy 

12 
road throughput or maximize toll or parking revenue 
depending upan the outcome directive 155. 

The request from the vehicle 105 can also include a 
priority associated with the vehicle 105 and/or its use ofthe 
roadway. For example, an emergency vehicle responding to 
an emergency can be associated with a higher priority than 
a passenger vehicle, so that the roadway management sys
tem 115 can assign the emergency vehicle to a lane that has 
a lower traffic volume or a higher average velocity. The 
roadway management system 115 can also generate and 
transmit updates to roadway assignments for vehicles 105 as 
the roadway status 148 changes. For example, should an 
accident cause congestion in a first lane, the roadway 
management system 115 can generate an updated roadway 
assignment 187 that instructs waiting vehicles to transition 
into a different lane. As another example, should an emer
gency vehicle ora vehicle 105 with a higher priority request 
access to the roadway, the roadway management system 115 
can generate updated roadway assignments for vehicles 105 
in the roadway that create passage for the emergency vehicle 
through the roadway. 

The roadway management system 115 can also monitor 
the status of lanes within a roadway and assign lane con
figurations 151 to the lanes of the roadway based upan the 
roadway status 148 and the requests from vehicles 105 to use 
the roadway. For example, at a particular time of the day, a 
large number of requests may include a request to traverse 
the roadway in a first direction of travel. Accordingly, the 
roadway management system 115 can assign lane configu
rations 151 to a majority ofthe lanes in a roadway such that 
traffic flows in the first direction of travel. However, at a 
different, second time of day, a large number of requests may 
include a request to traverse the roadway in the opposite 
direction of travel. Accordingly, the roadway management 
system 115 can assign a lane configuration 151 to a majority 
of lanes so that traffic flows in the opposite direction during 
the second time of day. As an additional example, there may 
be sufficiently low volumes of vehicles 105 on a roadway 
that permit an outcome directive 155 to be achieved as well 
as allow vehicles 105 to park in one or more lanes of the 
roadway. Accordingly, the roadway management system 115 
can assign a parking lane configuration 151 to one or more 
lanes of the roadway should such a condition exist. 

In this way, the roadway management system 115 can 
continually monitor the roadway status 148 in arder to 
generate updated lane configurations 151 and updated road
way assignments 187 in arder to optimize for the outcome 
directive 155. 

Referring next to FIG. 3, shown is a flowchart that 

of the vehicle, the vehicle capabilities, vehicle size or 
weight, information about cargo ofthe vehicle, or any other 
state data associated with the vehicle 105. In sorne scenarios, 
the request can identify factors associated with the vehicle 40 

that can be taken into account by the roadway management 
system 115 using the roadway cost function 157. The factors 
associated with the vehicles that can be incorporated into the 
roadway cost function 157 can be stored as vehicle data 184 
and can be related to a cost to use the roadway that can be 45 

attributed to the vehicle 105. In sorne embodiments, the 
roadway management system 115 can store cost function 
factors that can be used for various vehicle types that can be 
used in the roadway cost function 157 to determine a cost to 
use the roadway based upan the vehicle data 184. 

In response to receiving the request from the vehicle 105, 
the roadway management system 115 can generate a road
way assignment 187 that is transmitted to the vehicle 105 
over the network 110. The roadway management system 115 
can generate a roadway assignment 187 by factoring the cost 55 

to use the roadway using the roadway cost function 157 of 
the roadway while optimizing use ofthe roadway according 

50 provides one example of the operation of a portian of the 
autonomous vehicle controller 160 according to various 
embodiments. It is understood that the flowchart of FIG. 3 
provides merely an example of the many different types of 
functional arrangements that may be employed to implement 
the operation of the portian of the autonomous vehicle 
controller 160 as described herein. As an alternative, the 
flowchart ofFIG. 3 may be viewed as depicting an example 
of elements of a method implemented in the vehicle 105 
according to one or more embodiments. 

FIG. 3 provides a non-limiting example of the function-
ality that may be performed by a vehicle 105. Specifically, 
FIG. 3 provides a non-limiting example of how a vehicle 
105 can generate a request to use a roadway. At box 303, the 
autonomous vehicle controller 160 can obtain a requested 

to the outcome directive 155. In one embodiment, the 
roadway management system 115 can generate a roadway 
assignment 187 that minimizes a cost to use the roadway 60 

based upan the roadway cost function 157 and that achieves 
the outcome directive 155. In sorne scenarios, the request 
from the vehicle 105 can include an amount that the vehicle 
105 is bidding to use the roadway, which can be factored into 
the roadway cost function 157 to minimize the cost to use 
the roadway or maximize a revenue metric. The roadway 
assignment 187 can be generated to maximize traffic flow or 

65 destination associated with the vehicle 105. The destination 
can be obtained from the destination data 185 in the vehicle 
data store 173 or from a user input device. In sorne embodi-



US 9,547,986 Bl 
13 

ments, the autonomous vehicle controller 160 can be 
directed to a particular destination by another autonomous 
vehicle or another automated process. For example, an 
automated scheduling or dispatching process can direct the 
vehicle 105 to a particular destination. In one embodiment, 
the dispatching process can direct the vehicle 105 to go to a 
particular location to pick up passengers, cargo, etc. 

14 
At box 321, the autonomous vehicle controller 160 can 

generate routing instructions based upan the roadway 
assignment 187. The routing instructions can instruct the 
drive system 163 to maneuver the vehicle 105 to the 
roadway and enter the roadway in the lane specified by the 
roadway assignment 187. In sorne examples, based upan the 
time or time range specified by the roadway assignment 187, 
the autonomous vehicle controller 160 may have to instruct 
the vehicle 105 to reduce or increase its velocity so that the 

10 vehicle 105 enters the roadway at the time specified by the 
roadway assignment 187. Thereafter, the process ends. 

At box 306, the autonomous vehicle controller 160 can 
detect environmental information associated with the envi
ronment of the vehicle 105. For example, the autonomous 
vehicle controller 160 can obtain information about the 
immediate surroundings ofthe vehicle 105 from the various 
sensors ofthe vehicle 105. For example, the environmental 
information can include information about surrounding or 
nearby vehicles 105 that may assist the roadway manage
ment system 115 to generate a roadway assignment 187 to 
optimize for the outcome directive 155. Additionally, the 
environmental information can include any other vehicle 
data 184 that is maintained or captured by the vehicle 105. 
The autonomous vehicle controller 160 can also obtain a 20 

geographic location of the vehicle 105 from the location 
detection system 178. 

Referring next to FIG. 4, shown is a flowchart that 
provides one example of the operation of a portian of the 
roadway management system 115 according to various 

15 embodiments. It is understood that the flowchart of FIG. 4 

At box 309, the vehicle 105 can identify a roadway 
associated with the requested destination. At box 312, the 
autonomous vehicle controller 160 can identify a roadway 25 

management system 115 that is assigned to manage the 
roadway or a portian of the roadway that is on the route of 
the vehicle 105 or that the vehicle 105 is approaching. In 
sorne embodiments, the autonomous vehicle controller 160 
can identify the roadway management system 115 from 30 

mapping data that identifies the appropriate roadway man
agement system 115 for a particular roadway. In other 
embodiments, the autonomous vehicle controller 160 can 
identify the nearest roadway management system 115 and 
query the roadway management system 115 to determine 35 

whether it is responsible for management ofthe roadway. In 
other examples, the roadway management system 115 can 
broadcast a communication over the network 110 to the 
vehicle 105 identifying itself as the roadway management 
system 115 associated with the roadway. 40 

At box 315, the autonomous vehicle controller 160 can 
generate and transmit a request to use the roadway or a 
portian of the roadway. The request can be sent to the 
roadway management system 115 identified at box 312. The 
request can comprise a request to use a portian of the 45 

roadway and include the environmental information associ
ated with the environment of the vehicle 105. The request 
can include any status data associated with the vehicle 105, 
such as location data, velocity data, vehicle capability data 

provides merely an example of the many different types of 
functional arrangements that may be employed to implement 
the operation of the portian of the roadway management 
system 115 as described herein. As an alternative, the 
flowchart ofFIG. 4 may be viewed as depicting an example 
of elements of a method implemented in the computing 
environment 103 according to one or more embodiments. 

FIG. 4 provides a non-limiting example of the function
ality that may be performed by the roadway management 
system 115. Specifically, FIG. 4 provides a non-limiting 
example of how the roadway management system 115 can 
generate a roadway assignment 185 for a vehicle 105. FIG. 
4 also presents one iteration of a process that can be 
executed continuously by the roadway management system 
115 in arder to generate and update roadway assignments 
187 as well as lane configurations 151. First, at box 403, the 
roadway management system 115 can obtain a roadway 
status 148 associated with the roadway or portian of a 
roadway that it is managing. At box 406, the roadway 
management system 115 can determine whether a request to 
use the roadway has been received from a vehicle 105. If so, 
then at box 409, the roadway management system 115 can 
generate and transmit a roadway assignment 187 to the 
vehicle 105. Otherwise, the process proceeds to box 412. 

At box 409, the roadway management system 115 can 
generate the roadway assignment 187 by taking into account 
the roadway status 148 and the vehicle data 184 provided 
with the request. The roadway management system 115 can 
also take into account factors associated with the vehicle that 
is based upan the vehicle data 184 and a priority associated 
with the request. The roadway management system 115 can 
also take into account a roadway cost function 157 associ
ated with the roadway. The cost function can take into 
account weighted factors associated with a vehicle, occu-
pants of the vehicle, lanes of the roadway, and the environ
ment in which the roadway is situated at any given point in 
time. The roadway assignment 187 is also generated to 
optimize for the outcome directive 155 that is associated 
with the roadway at the time the vehicle 105 is requesting to 

or any other vehicle data 184. The request can also include 50 

a priority or a priority request associated with the request to 
use the roadway. In sorne embodiments, the roadway man
agement system 115 can independently determine the pri
ority associated with a request to use a roadway rather than 
rely upan the vehicle 105 to request a particular priority. 

The request generated by the autonomous vehicle con
troller 160 can also include a requested velocity, a requested 
time or time range during which the vehicle 105 is request
ing to enter or arrive at the roadway, or any other request 
parameters. At box 318, the autonomous vehicle controller 60 

160 can obtain a roadway assignment 187 associated with 
the request to use roadway from the roadway management 
system 115. The roadway assignment 187 can identify a lane 
assignment within the roadway, a time or time range at 
which the vehicle 105 can enter the roadway and a velocity 65 

or velocity range that the vehicle 105 is permitted to 
maintain during its use of the roadway. 

55 use the roadway. Next, at box 416, the roadway management 
system 115 can determine whether the roadway assignment 
187 generated at box 409 causes a change in the roadway 
assignments 187 of other vehicles or in the lane configura-
tions 151 of the roadway. If so, the process proceeds to box 
412. 

At box 412, the roadway management system 115 can 
generate lane configurations 151 for the roadway. As noted 
above, the lane configurations 151 can take into account the 
roadway status 148, the number ofvehicles using or request
ing to use the roadway, their respective directions of travel, 
and the outcome directive 155. At box 413, the roadway 
management system 115 can sequence the lane configura-
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tions 151 and roadway assignments 187. The lane configu
rations 151 and roadway assignments 187 can be sequenced 
to ensure that any transition in a lane configuration 151 or a 
roadway assignment 187 occurs in an appropriate arder. In 
one embodiment, a lane configuration 151 or roadway 
assignment 187 can be associated with a timestamp that 
specifies when a particular change to a lane configuration 
151 or roadway assignment 187 should occur. 

16 
network data store 112 and other data. In addition, an 
operating system may be stored in the memory 609 and 
executable by the processor 606. 

It is understood that there may be other applications that 
are stored in the memory 609 and are executable by the 
processor 606 as can be appreciated. Where any component 
discussed herein is implemented in the form of software, any 
one of a number of programming languages may be 

At box 415, the roadway management system 115 can 
determine whether there is a change in the lane configura- 10 

tions 151 associated with the roadway. Ifso, then at box 419, 
the roadway management system 115 can transmit updated 
roadway assignments 187 to the vehicles 105 using the 
roadway as well as specify updated lane configurations 151 

employed such as, for example, C, C++, C#, Objective C, 
Java®, JavaScript®, Peri, PHP, Visual Basic®, Python®, 
Ruby, Flash®, or other prograniming languages. 

A number of software components are stored in the 
memory 609 and are executable by the processor 606. In this 
respect, the term "executable" means a program file that is 
in a form that can ultimately be run by the processor 606. 
Examples of executable programs may be, for example, a 

for the roadway. Thereafter, the process proceeds to comple- 15 

tion. 
Referring next to FIG. 5, shown is a flowchart that 

provides one example of the operation of another portian of 
the autonomous vehicle controller 160 according to various 
embodiments. It is understood that the flowchart of FIG. 5 20 

compiled program that can be translated into machine code 
in a format that can be loaded into a random access portian 
of the memory 609 and run by the processor 606, source 
code that may be expressed in proper format such as object 
code that is capable of being loaded into a random access provides merely an example of the many different types of 

functional arrangements that may be employed to implement 
the operation of the portian of the autonomous vehicle 
controller 160 as described herein. As an altemative, the 
flowchart ofFIG. 5 may be viewed as depicting an example 
of elements of a method implemented in the vehicle 105 
according to one or more embodiments. 

FIG. 5 illustrates an example of how the autonomous 
vehicle controller 160 can generate routing instructions 
based upan roadway assignments received from the roadway 
management system 115 until exiting the roadway. Begin
ning with box 503, the autonomous vehicle controller 160 
can generate a routing instruction based upan the roadway 
assignment received from a roadway management system 
115. Next, at box 505, the autonomous vehicle controller 
160 can determine whether an updated roadway assignment 
has been received from the roadway management system 
115. If so, then at box 509, the autonomous vehicle control
ler 160 can generate an updated routing instruction that 
causes the vehicle 105 to move to comply with the updated 
roadway assignment. If not, the process can proceed to box 
511. If, at box 511, the autonomous vehicle controller 160 
has determined that the vehicle 105 has not exited the 
roadway, the autonomous vehicle controller 160 can return 
to box 505 and determine whether an updated roadway 
assignment was received from the roadway management 
system 115. If, at box 511, the autonomous vehicle controller 
160 has determined that the vehicle 105 has exited the 
roadway, the process can proceed to completion. 

With reference to FIG. 6, shown is a schematic block 
diagram ofthe computing environment 103 according toan 
embodiment ofthe present disclosure. The computing envi
ronment 103 includes one or more computing devices 603. 
Each computing device 603 includes at least one processor 
circuit, for example, having a processor 606 and a memory 
609, both of which are coupled to a local interface 612. To 
this end, each computing device 603 may comprise, for 
example, at least one server computer or like device. The 
local interface 612 may comprise, for example, a data bus 
with an accompanying address/control bus or other bus 
structure as can be appreciated. 

Stored in the memory 609 are both data and severa! 
components that are executable by the processor 606. In 
particular, stored in the memory 609 and executable by the 
processor 606 are the roadway management system 115, the 
roadway status monitor 124, and potentially other applica
tions. Also stored in the memory 609 may be a transportation 

portian of the memory 609 and executed by the processor 
606, or source code that may be interpreted by another 
executable program to generate instructions in a random 

25 access portian of the memory 609 to be executed by the 
processor 606, etc. An executable program may be stored in 
any portian or component ofthe memory 609 including, for 
example, random access memory (RAM), read-only 
memory (ROM), hard drive, solid-state drive, USB flash 

30 drive, memory card, optical disc such as compact disc (CD) 
or digital versatile disc (DVD), floppy disk, magnetic tape, 
or other memory components. 

The memory 609 is defined herein as including both 
volatile and nonvolatile memory and data storage compo-

35 nents. Volatile components are those that do not retain data 
values upan loss of power. Nonvolatile components are 
those that retain data upan a loss of power. Thus, the 
memory 609 may comprise, for example, random access 
memory (RAM), read-only memory (ROM), hard disk 

40 drives, solid-state drives, USB flash drives, memory cards 
accessed via a memory card reader, floppy disks accessed 
via an associated floppy disk drive, optical discs accessed 
via an optical disc drive, magnetic tapes accessed via an 
appropriate tape drive, and/or other memory components, or 

45 a combination of any two or more of these memory com
ponents. In addition, the RAM may comprise, for example, 
static random access memory (SRAM), dynamic random 
access memory (DRAM), or magnetic random access 
memory (MRAM) and other such devices. The ROM may 

50 comprise, for example, a programmable read-only memory 
(PROM), an erasable programmable read-only memory 
(EPROM), an electrically erasable programmable read-only 
memory (EEPROM), or other like memory device. 

Also, the processor 606 may represent multiple proces-
55 sors 606 and/or multiple processor cores and the memory 

609 may represent multiple memories 609 that operate in 
parallel processing circuits, respectively. In such a case, the 
local interface 612 may be an appropriate network that 
facilitates communication between any two of the multiple 

60 processors 606, between any processor 606 and any of the 
memories 609, orbetweenanytwo ofthememories 609, etc. 
The local interface 612 may comprise additional systems 
designed to coordinate this communication, including, for 
example, performing load balancing. The processor 606 may 

65 be of electrical or of sorne other available construction. 
Although the roadway management system 115, roadway 

status monitor 124, and other various systems described 
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herein may be embodied in software or code executed by 
general purpose hardware as discussed above, as an alter
native the same may also be embodied in dedicated hard
ware ora combination of software/general purpose hardware 
and dedicated hardware. If embodied in dedicated hardware, 
each can be implemented as a circuit or state machine that 
employs any one of or a combination of a number of 
technologies. These technologies may include, but are not 
limited to, discrete logic circuits having logic gates for 
implementing various logic functions upan an application of 10 

one or more data signals, application specific integrated 
circuits (ASICs) having appropriate logic gates, field-pro
grammable gate arrays (FPGAs), or other components, etc. 
Such technologies are generally well known by those skilled 
in the art and, consequently, are not described in detail 15 

herein. 
The flowcharts ofFIGS. 3, 4, and 5 show the functionality 

and operation of an implementation of portions of the 
roadway management system 115 and the autonomous 
vehicle controller 160. If embodied in software, each block 20 

may represent a module, segment, or portian of code that 
comprises program instructions to implement the specified 
logical function(s ). The program instructions may be 
embodied in the form of source code that comprises human
readable statements written in a programming language or 25 

machine code that comprises numerical instructions recog
nizable by a suitable execution system such as a processor 
606 in a computer system or other system. The machine code 
may be converted from the source code, etc. If embodied in 
hardware, each block may represent a circuit or a number of 30 

interconnected circuits to implement the specified logical 
function(s ). 

Although the flowcharts of FIGS. 3, 4, and 5 show a 
specific arder of execution, it is understood that the arder of 
execution may differ from that which is depicted. For 35 

example, the arder of execution of two or more blocks may 
be scrambled relative to the arder shown. Also, two or more 
blocks shown in succession in FIGS. 3, 4, and 5 may be 
executed concurrently or with partial concurrence. Further, 
in sorne embodiments, one or more of the blocks shown in 40 

FIGS. 3, 4, and 5 may be skipped or omitted. In addition, any 
number of counters, state variables, warning semaphores, or 
messages might be added to the logical flow described 
herein, for purposes of enhanced utility, accounting, perfor
mance measurement, or providing troubleshooting aids, etc. 45 

It is understood that ali such variations are within the scope 
of the present disclosure. 

Also, any logic or application described herein, including 
roadway management system 115 and roadway status moni-
tor 124, that comprises software or code can be embodied in 50 

any non-transitory computer-readable medium for use by or 
in connection with an instruction execution system such as, 
for example, a processor 606 in a computer system or other 
system. In this sense, the logic may comprise, for example, 
statements including instructions and declarations that can 55 

be fetched from the computer-readable medium and 
executed by the instruction execution system. In the context 
of the present disclosure, a "computer-readable medium" 
can be any medium that can contain, store, or maintain the 
logic or application described herein for use by or in 60 

connection with the instruction execution system. 
The computer-readable medium can comprise any one of 

many physical media such as, for example, magnetic, opti
cal, or semiconductor media. More specific examples of a 
suitable computer-readable medium would include, but are 65 

not limited to, magnetic tapes, magnetic floppy diskettes, 
magnetic hard drives, memory cards, solid-state drives, USB 
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flash drives, or optical discs. Also, the computer-readable 
medium may be a random access memory (RAM) including, 
for example, static random access memory (SRAM) and 
dynamic random access memory (DRAM), or magnetic 
random access memory (MRAM). In addition, the com
puter-readable medium may be a read-only memory (ROM), 
a programmable read-only memory (PROM), an erasable 
programmable read-only memory (EPROM), an electrically 
erasable programmable read-only memory (EEPROM), or 
other type of memory device. 

Further, any logic or application described herein, includ
ing the roadway management system 115, roadway status 
monitor 124, and the autonomous vehicle controller 160, 
may be implemented and structured in a variety ofways. For 
example, one or more applications described may be imple
mented as modules or components of a single application. 
Further, one or more applications described herein may be 
executed in shared or separate computing devices or a 
combination thereof. For example, a plurality of the appli
cations described herein may execute in the same computing 
device 603, or in multiple computing devices in the same 
computing environment 103. Additionally, it is understood 
that terms such as "application," "service," "system," 
"engine," "module," and so on may be interchangeable and 
are not intended to be limiting. 

Disjunctive language such as the phrase "at least one ofX, 
Y, or Z," unless specifically stated otherwise, is otherwise 
understood with the context as used in general to present that 
an item, term, etc., may be either X, Y, or Z, or any 
combination thereof ( e.g., X, Y, and/or Z). Thus, such 
disjunctive language is not generally intended to, and should 
not, imply that certain embodiments require at least one of 
X, at least one ofY, or at least one of Z to each be present. 

It should be emphasized that the above-described embodi
ments of the present disclosure are merely possible 
examples of implementations set forth for a clear under
standing ofthe principies ofthe disclosure. Many variations 
and modifications may be made to the above-described 
embodiment(s) without departing substantially from the 
spirit and principies of the disclosure. Ali such modifications 
and variations are intended to be included herein within the 
scope of this disclosure and protected by the following 
claims. 

Therefore, the following is claimed: 
l. An autonomous vehicle, comprising: 
a plurality of sensors configured to detect environmental 

information associated with the autonomous vehicle; 
a communications interface configured to facilitate com

munication with a roadway management system; 
a controller configured to control operation ofthe autono

mous vehicle, the controller being configured to cause 
the autonomous vehicle to at least: 
detect environmental information associated with the 

autonomous vehicle, the environmental information 
comprising a location of the autonomous vehicle, a 
velocity ofthe autonomous vehicle, an orientation of 
the autonomous vehicle, anda status of surroundings 
of the autonomous vehicle; 

generate a request to use a portian of a roadway, the 
request identifying a destination associated with the 
autonomous vehicle and including the environmental 
information; 

transmit the request to the roadway management sys
tem using the communications interface, the road
way management system monitoring a status of a 
plurality of autonomous vehicles using the portian of 
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the roadway and assigning usa ge of the portian of the 
roadway to the plurality of autonomous vehicles; 

obtain a roadway assignment from the roadway man
agement system, the roadway assignment compris
ing a lane identifier, a lane assignment, anda velocity 
assignment; and 

generate a routing instruction for the autonomous 
vehicle to enter the portian of the roadway according 
to the roadway assignment. 

2. The autonomous vehicle of claim 1, wherein the lane 10 

assignment comprises a direction of travel in a respective 
lane of the portian of the roadway. 

3. The autonomous vehicle of claim 1, wherein the 
destination associated with the autonomous vehicle com-

15 
prises at least one of a destination location or a request to 
park the autonomous vehicle within the portian of the 
roadway. 

20 
mile associated with the autonomous vehicle, or a cost 
associated with the request to use the portian of the roadway. 

9. The system of claim 5, wherein generating the roadway 
assignment for the autonomous vehicle further comprises: 

generating a lane assignment from among the plurality of 
lanes for the autonomous vehicle, the lane assignment 
corresponding to a lane having a lane configuration 
consistent with a destination associated with the request 
to use the portian of the roadway, the lane assignment 
based at least upan a number of autonomous vehicles 
requesting to travel in a direction corresponding to the 
autonomous vehicle through the portian of the road
way; and 

determining a time and velocity associated with the lane 
assignment based upan the number of autonomous 
vehicles requesting to travel in the direction corre
sponding to the autonomous vehicle. 

10. The system of claim 8, wherein generating the lane 4. The autonomous vehicle of claim 1, wherein the request 
comprises a priority associated with the autonomous 
vehicle. 

5. A system, comprising: 
at least one computing device; 
a wireless communications interface facilitating commu

nication with a plurality of autonomous vehicles; 

20 configuration for the plurality of lanes of the portian of the 
roadway further comprises specifying a direction of travel 
for each of the plurality of lanes based upan the roadway 
status, a quantity of the plurality of autonomous vehicles in 
the portian ofthe roadway, and the request from the autono-

25 mous vehicle. 
a plurality of roadway sensors in communication with the 

at least one computing device; 
11. The system of claim 5, wherein the at least one 

application is further configured to cause the at least one 
computing device to perform the method further comprising 
reversing a direction of travel for a respective one of the 

at least one application executed in the at least one 
computing device, the at least one application being 
configured to cause the at least one computing device 
to perform a method comprising: 

30 plurality of lanes based upan at least one of: a time of day 
and traffic conditions associated with the portian of the 

obtaining, via the plurality of roadway sensors, a road
way status associated with a portian of a roadway; 

obtaining, via the wireless communications interface, a 
request from an autonomous vehicle from the plu- 35 

rality of autonomous vehicles to use the portian of 
the roadway; 

generating, based upan the roadway status and the 
request from the autonomous vehicle, a lane con
figuration for a plurality of lanes for the portian of 40 

the roadway; 
generating, based upan an outcome directive associated 

with the portian of the roadway, a roadway assign
ment for the autonomous vehicle taking into account 
parameters of the request and the roadway status; 45 

and 

roadway. 
12. The system of claim 5, wherein the at least one 

application is further configured to cause the at least one 
computing device to perform the method further comprising 
modifying another roadway assignment of another autono-
mous vehicle of the plurality of autonomous vehicles in 
response to receiving the request to use the portian of the 
roadway, wherein modifying the roadway assignment com
prises generating an instruction to change from a first lane to 
a second lane of the plurality of lanes. 

13. The system of claim 12, wherein the other roadway 
assignment of the other autonomous vehicle is modified in 
response to a determination that a priority of the request to 
use the roadway associated with the autonomous vehicle is 
a higher priority than a respective priority of the other 
autonomous vehicle. transmitting, via the wireless communications inter

face, the roadway assignment to the autonomous 
vehicle. 

6. The system of claim 5, wherein the plurality of roadway 
sensors comprise at least one image capture device config
ured to capture imagery of the portian of the roadway. 

7. The system of claim 5, wherein generating the roadway 
assignment for the autonomous vehicle is further based upan 

14. The system of claim 5, wherein the outcome directive 
comprises maximizing a number of autonomous vehicles or 

50 an average velocity of autonomous vehicles traveling 
through the portian of the roadway over a period of time. 

15. The system of claim 5, wherein the outcome directive 
comprises maximizing a revenue metric associated with the 
portian of the roadway over a period of time. 

a cost function associated with the roadway, the cost func- 55 

tion associated with the roadway based upan at least one of: 
a number o flanes in the portian of the roadway, a speed limit 
associated with the portian of the roadway, a quantity of 
autonomous vehicles in the portian of the roadway, or a 
throughput metric associated with the portian of the road- 60 

way. 
8. The system of claim 5, wherein the roadway assign

ment for the autonomous vehicle is based upan vehicle data 
associated with the autonomous vehicle, the vehicle data 
comprising at least one of: a number of occupants of the 65 

autonomous vehicle, an efficiency of the autonomous 
vehicle, a timestamp associated with the request, a cost per 

16. The system of claim 5, wherein the lane configuration 
comprises at least one of: a parking lane configuration, a 
direction oftravel in a first direction, a direction oftravel in 
a second direction, a width of a respective lane of the portian 
of the roadway, or an emergency lane configuration. 

17. An autonomous vehicle, comprising: 
a plurality of sensors configured to detect environmental 

conditions associated with the autonomous vehicle; 
a communications interface facilitating communication 

over a network; 
a controller configured to control the autonomous vehicle, 

the controller further configured to perform a method 
comprising: 
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obtaining environmental conditions associated with the 
autonomous vehicle, the environmental conditions 
comprising a current location of the autonomous 
vehicle and state information associated with the 
autonomous vehicle; 

generating a request to use a portian of a roadway 
between the current location of the autonomous 
vehicle anda destination ofthe autonomous vehicle; 

transmitting the request to use the portian of the 
roadway to a roadway management system associ- 10 

ated with the portian of the roadway; 

22 
ment, a velocity, a velocity range, or a direction of travel 
with respect to the portian of the roadway. 

19. The autonomous vehicle of claim 17, wherein the 
controller is further configured to perform the method fur
ther comprising: 

receiving a second roadway assignment associated with 
the portian of the roadway; and 

generating another routing assignment for the autono
mous vehicle in response to receiving the second 
roadway assignment. 

20. The autonomous vehicle of claim 17, wherein the 
controller is further configured to perform the method fur
ther comprising identifying the roadway management sys
tem associated with the portian of the roadway based upan 

obtaining a roadway assignment associated with the 
portian of the roadway from the roadway manage
ment system; and 15 

mapping data obtained by the controller. 
21. The autonomous vehicle of claim 17, wherein the 

request to use the portian of the roadway comprises at least 
one of a destination location or a request to park the 
autonomous vehicle within the portian of the roadway. 

generating a routing instruction for the autonomous 
vehicle in response to receiving the roadway assign
ment. 

18. The autonomous vehicle of claim 17, wherein the 
roadway assignment comprises at least one of a lane assign- * * * * * 
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(57) ABSTRACT 

An unmanned aerial vehicle (UAV) may be used for deliv
ering products or other articles. The UAV is configured to 
detect the presence of nearby people, animals, or other 
interactive objects. Upan detecting a nearby object, the UAV 
may produce speech in arder to warn or instruct the object. 
The UAV may also have speech input capabilities in arder 
to capture and respond to speech from the object. The UAV 
may conduct a speech dialog with a nearby person in arder 
to request information and/or answer questions from the 
object. In certain situations, the UAV may detect whether an 
object is in the way of a desired landing area and may 
communicate with the object through speech to ask the 
object to move orto ask the object to specify an alternative 
landing area. 
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SPEECH INTERACTION FOR UNMANNED 
AERIAL VEHICLES 

BACKGROUND 

2 
another example, the UAV may detect human speech in an 
audio signa! in arder to determine that a person is nearby. 

The UAV may have a loudspeaker for producing audio 
output, which may include speech. When the UAV is dis
abled and grounded, the loudspeaker may be used to gen
erate a spoken warning such as "Please stay away." In sorne 
cases the UAV may be configured to instruct or request a 
nearby person to report the location and/or condition of the 
disabled UAV such as by instructing the person to call a 

Automated aerial vehicles, sometimes referred to as 
drones or umnanned aerial vehicles (UAVs), have become 
commonly used by hobbyists, sorne commercial entities, 
and various militaries. In sorne cases, UAVs may be used for 
delivering products. Despite offering numerous applications, 
however, UAVs present various challenges with respect to 
their potential contact with people as the UAVs are at or in 
route to delivery destinations. 

10 designated phone number. The reporting person may be 
offered a reward for this. As another example, the UAV may 
be configured to request a person to move away from an 
intended landing area prior to descent of the UAV. 

The UAV may also have a microphone for capturing 
BRIEF DESCRIPTION OF THE DRAWINGS 

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 in which the refer
ence number first appears. The use of the same reference 
numbers in different figures indicates similar or identical 
components or features. 

15 speech of a nearby person. The UAV may have or may be 
supported by an automatic speech recognition service to 
recognize the person's speech. The UAV may in sorne cases 
be configured to conduct a two-directional speech dialog 
with a nearby person. This capability may be used to obtain 

FIGS. 1 and 2 are pictorial representations of scenarios in 
which an unmanned aerial vehicle (UAV) may communicate 
with a nearby person using speech. 

20 information about the person and/or to obtain instructions 
from the person regarding delivery of a product. As an 
example, the UAV may ask a person to identify themselves 
prior to releasing the product at the delivery destination. As 
another example, the person may ask the UAV to postpone 

FIG. 3 is a side view of an example UAV. 
FIG. 4 is a block diagram showing relevant components 

of an example UAV. 

25 delivery. In another example, the UAV may interact with the 
person by speech to negotiate an appropriate or desired 
landing area for the UAV. 

The UAV may itself have automatic speech recognition 
(ASR) and natural language understanding (NLU) capabili-FIG. 5 is a block diagram showing logical components of 

a speech interface component. 30 ties that are used to understand the speech of a person. 
FIG. 6 is a block diagram showing logical components of 

a UAV support service. 
FIGS. 7-12 are flow diagrams showing different scenarios 

for using speech interaction by a UAV. 

Alternatively, the UAV may produce an audio signa! con
taining the speech of the person and may transmit the audio 
signa! to a remate support service where ASR and NLU are 
performed. Similarly, either the UAV or an associated sup-

DETAILED DESCRIPTION 
35 port service may have logic for generating speech to be 

produced on the loudspeaker of the UAV in response to 
recognized and understood speech of a person. The speech 
recognition, understanding, and generation capabilities may 
be used to conduct speech dialogs with the person in arder 

This disclosure is directed to unmanned aerial vehicles 
(UAV) and systems, devices, and techniques for communi
cating with persons that may be in the vicinity of such 
UAVs. In an example system, a UAV is used to deliver 
products to the homes or other premises of customers. The 
UAV may start from a distribution point such as a warehouse 
and may fly to a delivery destination. At the delivery 
destination, the UAV may navigate to a drop site, descend or 45 

land at the drop site, and release the product. The UAV may 
then ascend and retum to the distribution point. 

40 to solicit and refine specific information sought from the 

At sorne point during its trip, the UAV may encounter an 
interactive object (e.g., a person, animal, etc.). As used 
herein, the term "interactive object" may include any person, 50 

animal (e.g., dog, cat, bird, squirrel, etc.) or robotic device 
(e.g., a self-driving car, an automated mobility device, etc.) 
that may be responsive to audio or visual commands from a 
UAV. In one example, a person may be at or near the 
delivery destination. As another example, a person may 55 

approach a UAV that is broken or malfunctioning and that is 
resting on the ground. 

When near an object, the UAV may be configured to 
interact with the object through speech. That is, the UAV 
may speak to the object, may recognize responsive speech or 60 

action by the object, and may respond with further speech. 
The UAV may have one or more sensors that recognize 

the presence of a nearby object. For example, the UAV may 
have a camera that produces images ofthe area surrounding 
the UAV and may analyze the images to detect people or 65 

other objects within the images. As another example, the 
UAV may use infrared sensing to detect nearby people. As 

person. 
In sorne embodiments, audio may be provided from the 

UAV to a live customer support representative. The support 
representative may respond by speech to the person near the 
UAV and may conduct a two-way live speech dialog with 
the person. In sorne embodiments, the UAV may have 
two-way video capabilities so that the support person and 
the nearby person may communicate by both voice and 
video. 

FIG. 1 shows an example scenario 100 in which a UAV 
102 has become disabled and is resting on a street 104 near 
an on-scene person 106. The UAV 102 may have become 
disabled by losing power, by colliding with something, by 
becoming tangled in or by something, by becoming lost, by 
losing one or more essential functions, etc. In sorne cases, 
the UAV 102 may be in a potentially hazardous state, such 
as in a state where one or more propellers are powered and 
turning. In sorne cases the state of the UAV 102 may be 
unknown and the UAV 102 is assumed to be in a hazardous 
state. 

In the example ofFIG. 1, the UAV 102 has speech output 
capabilities. After detecting that the interactive object, in this 
case a person 106 is nearby, such as within a threshold 
distance of the UAV 102, the UAV 102 issues an audible 
speech statement 108, which in the illustrated example 
comprises the phrase "Please stay away." Other statements 
may be issued depending on conditions and objectives. For 
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example, the UAV 102 may request that the person 106 
move the UAV 102 offthe street 104. As another example, 
the UAV 102 may request that the person 106 call a stated 
telephone number and report the location and condition of 
the UAV 102. As another example, the UAV 102 may 
request that the person perform sorne type of service on the 
UAV 102 such as moving the UAV 102 to a power replen
ishment location or plugging the UAV 102 into a charging 
station. In sorne embodiments, the person 106 may be asked 
to deliver the UAV 102 back to its base location. 

The particular speech produced by the UAV 102 may be 
determined based various conditions that the UAV 102 is 
able to sense or determine. For example, the UAV 102 may 
be able to sense the presence ofthe person 106. As another 
example, the UAV 102 may be able to determine that certain 
of its capabilities are broken or malfunctioning. As another 
example, the UAV 102 may be able to determine its location 
but may not be able to communicate its location to its home 
base. 

FIG. 2 shows another example scenario 200 in which the 
UAV 102 is approaching the residence 202 of a person 204 
for delivery of a product or other article. In this example, the 
UAV 102 has speech input and speech output capabilities, 
allowing bidirectional speech 206 between the UAV 102 and 
the person 204. 

10 

4 
the UAV 102 may ask the person 204 to comment on the 

delivery and may record the person's response or relay 
the response to a customer service center; 

the person 204 may ask a customer service question such 
as "When is my next package coming" or "Please 
deliver another time," and the UAV 102 may respond 
with the requested information; 

the person 204 may inquire about other orders and the 
UAV 102 may respond with information regarding 
other orders; or the person 204 may ask to speak to a 
live representative and may be connected by audio 
and/or video to a live customer service representative. 

FIG. 3 shows an example implementation ofthe UAV 102 
that may be used for delivering a productor other article 302 

15 from a distribution point to a delivery destination. In this 
example, the UAV 102 has multiple propellers 304 attached 
to a frame or chassis 306 to provide propulsion for vertical 
takeoff, vertical landing, horizontal flight, and hovering. The 
multiple propellers 304 may be individually powered and 

20 controlled to produce controllable movement of the UAV 
102 in any direction orto cause the UAV 102 to hover in a 
stationary position. 

In various embodiments, the UAV 102 may comprise a 
quadcopter, octocopter, or other multi-rotor aerial vehicle. In 

25 sorne embodiments, the UAV 102 may include at least one 
fixed wing to provide at least sorne upward lift during 
horizontal flight ofthe UAV 102. In sorne embodiments, the 
UAV 102 may be configured to transition from rotor flight 

Befare landing, in response to detecting the presence of 
the person 204 near a proposed drop site 208, the UAV 102 
may produce speech announcing its intention to land at the 
drop site 208 and requesting the person 204 to move away 
from the drop site 208. The UAV 102 may hover nearby until 30 

the person 204 moves a sufficient distance from the drop site 
208 or may postpone delivery if the person 204 does not 
move away from the drop site 208. After landing and 
delivering an article, the UAV 102 may similarly produce 
speech that warns any nearby person to a potentially haz- 35 

ardous condition as the UAV 102 starts up and takes off. 

to a fixed-wing flight during operation, such as by redirect
ing rotors/propellers from a lift configuration to a forward 
propulsion configuration when the UAV 102 includes at least 
one wing that provides upward lift. 

The UAV 102 may have an article support 308 that is 
configured to grasp, support, and carry the article 302 during 
flight of the UAV 102 to a delivery destination. The article 
support 308 may be electronically controlled so that the 

In addition to providing wamings and requests, either the 
UAV 102 or the person 204 may initiate a two-directional 
speech dialog. For example, the UAV 102 may ask a 
question of the person 204. When the person 204 responds, 
the UAV may capture the speech response ofthe person and 
analyze the speech response to determine its meaning. The 
UAV 102 may initiate additional dialog turns to solicit 
further information or more detailed information from the 
u ser. 

Altematively, the person 204 may ask a question of the 
UAV 102. The UAV 102 may capture the person's speech 
and analyze the speech to determine the nature of the 
question. The UAV 102 may then provide an answer to the 
person's question. 

Generally, the UAV 102 may implement two-directional 
speech dialogs to implement any number ofusage scenarios, 
which may include but are not limited to the following: 

article 302 can be released at its intended destination. In 
other embodiments, the UAV 102 may have a cargo com
partment or other means of supporting or carrying the article 

40 302. 
The UAV 102 may have one or more housings, enclo

sures, or attachments 31 O that contain and/or support various 
sensors and control logic. Generally, sensors and control 
logic may be attached at any appropriate location on the 

45 chassis 306. 
The chassis 306 includes multiple legs 312 that support 

the UAV 102 when it is on the ground. 
FIG. 4 illustrates relevant components ofthe UAV 102 in 

block form. The components include physical hardware 
50 components 402 and control logic components 404. The 

physical hardware components 402 include propulsion and 
control hardware 406. The propulsion and control hardware 
406 may include the propellers 304 and associated motors 

the UAV 102 may thank the person 204 for their business; 
the UAV 102 may ask the person 204 to identify them- 55 

selves and the person 204 may respond with their name 

(not shown) that are used to power the propellers 304. The 
propulsion and control hardware 406 may also include 
various control systems and mechanisms (not shown) 

or other identification; 
the UAV 102 may ask the person 204 to confirm delivery 

of the article and may record audio and/or video that 
includes the person's spoken confirmation; 

the UAV 102 may wam nearby persons when landing or 
taking off; 

the UAV 102 may ask the person 204 where to deliver the 
article, and the person 204 may indicate a preferred 
drop site; 

the person 204 may indicate a preferred delivery schedule 
or time; 

including actuators, electrical circuits, power control sys
tems, drivers, power sources such as batteries, and so forth. 

The physical hardware components 402 also include a 
60 sensor system 408, which may include various types of 

sensors such as visual cameras, infrared (IR) cameras, depth 
sensors, three-dimensional cameras, proximity sensors, 
radar systems, global positioning satellite (GPS) compo
nents, audio sensors, altimeters, accelerometers, thermom-

65 eters, gyroscopes, range-finding mechanisms, laser 
rangefinders, pulse radar components, ultrasonic ranging 
components, and others. The sensors may be mounted with 
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respect to the chassis 306 in positions that are appropriate to 
their functions. Cameras, for example, may be mounted so 
as to have clear views of surroundings. 

The UAV 102 may have one or more wireless network 
interfaces and/or radios 410 that are used for communicating 
with a control center and/or with other UAVs. 

The physical hardware components 402 may further 
include a microphone 412 and a loudspeaker 414, which 
may be used in combination to interact with nearby persons 
through speech. For example, the microphone 412 may 
capture speech and other sound from the environment ofthe 
UAV 102 and may analyze the sound the recognize speech 
of a nearby person. The loudspeaker 414 may be used to 
produce speech or other audio output directed to nearby 
persons. 

In sorne cases, the UAV 102 may have a display panel 416 
or other display mechanism for presenting a video interface 
to a nearby person. For example, as will be described below, 
the display panel 416 may be used to conduct a live 
videoconference between a customer at the delivery desti
nation and a remate customer support representative. 

The UAV 102 may utilize a processor 418 and associated 
memory 420. The processor 418 may comprise a general
purpose processor having a single core or multiple cores, a 
specialized processor, a digital signa! processor, or multiple 
processors of the same or different types. The memory 420 
may be a type of non-transitory computer storage media and 
may include volatile and nonvolatile memory. Thus, the 
memory 420 may include, but is not limited to, RAM, ROM, 
EEPROM, flash memory, or other memory technology. 

6 
human faces. As another example, the object detection 
module 424 may analyze three-dimensional depth maps of 
an area near the UAV 102 to detect shapes that correspond 
to humans. Altematively, or in addition, the object detection 
module 424 may analyze orbe responsive to infrared images 
or infrared sensor information to detect the locations of 
humans near the UAV 102. These and other techniques may 
be used in combination to detect nearby persons. 

The UAV 102 may also include a flight and guidance 
10 component or module 426. The flight and guidance module 

426 is responsive to various sensor information produced by 
the sensor system 408 to control the mechanical elements of 
the UAV 102, in arder to maintain stable flight and to guide 

15 
the UAV from a departure location to a delivery destination. 

The UAV 102 may include a speech interface component 
or module 428 that utilizes the microphone 412 and the 
loudspeaker 414 to perform speech interactions with a 
person who is nearby the UAV 102. For example, the speech 

20 interface component or module 428 may issue a spoken 
warning when a person approaches the UAV 102, such as by 
generating the speech "Please stay back!" In sorne embodi
ments the speech interface component or module 428 may 
be used in conjunction with the display 416 to implement 

25 videoconferencing between a local user and a remate cus
tomer support representative. 

FIG. 5 shows an example implementation of the speech 
interface component 428. Note that various embodiments 
may use different subsets and combinations of the compo-

30 nents shown in FIG. 5. Also, note that parts ofthe described 
functionality may be implemented either by the UAV 102 or 
by a remate support service with which the UAV commu
nicates. 

The memory 420 may be used to store any number of 
software modules that are executable by the processor 418. 
The software modules comprise instructions that are execut
able by the processor 418 to implement the control logic 
components 404. Thus, the control logic components 404 35 

may comprise software modules or components that are 
stored in the memory 420 and executed by the processor 418 

The speech interface component 428 receives an input 
audio signa! 502 produced using the microphone 412. The 
speech interface component 428 analyzes the input audio 
signa! 502 to recognize input speech and to determine the 
meaning or intent of the input speech. Determining on the 
understanding of the input speech, the speech interface 

to implement desired functionality of the UAV 102. 
The control logic components 404 include a communica

tion module or component 422 that utilizes the network 40 

interface and radio 410 to communicate with a control center 
and/or with other UAVs. The UAV 102 may communicate 
with a control center in arder to receive instructions and 
route guidance. The UAV 102 may also communicate with 
the control center to report the current position ofthe UAV 45 

102, to report delivery statuses, and so forth. In sorne cases, 
the UAV 102 may provide sensor data such as audio, video, 
and other data to the control center for analysis. The control 
center may alter certain aspects of the UAV's route or 
behavior depending on such an analysis. The UAV 102 may 50 

also receive audio and video from the control service for 
presentation to nearby persons. 

component 428 also generates an output audio signa! 504, 
where the output audio signa! 504 contains output speech 
that is to be produced by the loudspeaker 414 in response to 
the recognized input speech. 

The speech interface component 428 has an automatic 
speech recognition (ASR) component 506 that recognizes 
human speech in the input audio signa! 502. The ASR 
component 506 produces a continuous word stream corre
sponding to the speech represented by the input audio signa! 
502. 

The ASR component 506 may use various techniques to 
create a full transcript of spoken words represented in an 
audio signa!. For example, the ASR component 506 may 
reference various types of models, such as acoustic models 
and language models, to recognize words of speech that are 

Software elements of the UAV 102 may also include an 
object detection module 424 that utilizes various sensors of 
the sensor system 408 to detect objects that are near the UAV 
102. Object detection may be used for avoidance, for 
example, in arder to avoid collisions with other objects. 
Object detection may also be used to detect landmarks 
and/or to identify suitable landing areas. 

55 represented in an audio signa!. In many cases, models such 
as these are created by training, such as by sampling many 
different types of speech and by manual classification of the 
sampled speech. 

Most relevant to the present discussion, the object detec
tion module 424 may be configured to detect persons who 
are near the UAV 102. Depending on the implementation, 
the object detection module 411 may use different tech
niques to detect the presence of nearby persons. As one 
example, the object detection module 424 may analyze 
optical images produced by a camera of the UAV 102 to 
detect portions of the images that represent humans or 

In sorne implementations of speech recognition, an acous-
60 tic model represents speech as a series of vectors corre

sponding to features of an audio waveform over time. The 
features may correspond to frequency, pitch, amplitude, and 
time patterns. Statistical models such as Hidden Markov 
Models (HMMs) and Gaussian mixture models may be 

65 created based on large sets of training data. Models of 
received speech are then compared to models ofthe training 
data to find matches. 



US 9,747,901 Bl 
7 

Language models describe things such as grammatical 
rules, common word usages and pattems, dictionary mean
ings, and so forth, to establish probabilities of word 
sequences and combinations. Analysis of speech using lan
guage models may be dependent on context, such as the 
words that come befare or after any part of the speech that 
is currently being analyzed. 

8 
of the communications network 604 may also utilize wired 
technologies and may include wide-area networks and pub
lic networks such as the Internet. Communications may be 
further implemented or extended using peer-to-peer com
munications between multiple UAVs 102. 

The support service 602 may utilize a processor 606 and 
associated memory 608. The processor 606 may comprise a 
general-purpose processor having a single core or multiple 
cores, a specialized processor, a digital signa! processor, or 

ASR may provide recognition candidates, which may 
comprise words, phrases, sentences, or other segments of 
speech. The candidates may be accompanied by statistical 
probabilities, each of which indicates a "confidence" in the 
accuracy of the corresponding candidate. Typically, the 
candidate with the highest confidence score is selected as the 
output of the speech recognition. 

10 multiple processors of the same or different types. The 
memory 608 may be a type of non-transitory computer 
storage media and may include volatile and nonvolatile 
memory. Thus, the memory 608 may include, but is not 
limited to, RAM, ROM, EEPROM, flash memory, or other 

The speech interface component 428 may also have a 
natural language understanding (NLU) component 508 that 
determines the meaning or intent of user speech that is 
recognized by the ASR component 506. 

15 memory technology. 
The memory 608 may be used to store any number of 

software modules that are executable by the processor 606. 
The software modules comprise instructions that are execut
able by the processor 606 to implement software compo-

20 nents that are stored in the memory 608 and executed by the 
processor 606. 

The NLU component 508 analyzes a word stream pro
vided by the ASR component 506 and produces a represen
tation of a meaning of the word stream. For example, the 
NLU component 508 may use grammar rules anda parser to 
analyze a sentence and to produce a representation of a 
meaning of the sentence in a formally defined language that 
conveys concepts in a way that is easily processed by a 
computer. For example, the meaning may be semantically 
represented as a hierarchical set or frame of slots and slot 
values, where each slot corresponds to a semantically 
defined concept. Thus, the meaning of the sentence may be 
semantically represented by the frame of slots and slot 30 

values. NLU may also use statistical models and pattems 
generated from training data to leverage statistical depen
dencies between words in typical speech. 

Software components of the support service 602 may 
include a dispatch and routing module 610 that communi
cates with the UAV 102 over the communications network 

25 604 to specify delivery destinations and routing information 
as well as to provide other information in arder to supervise 
the activities of the UAV 102. 

The speech interface component 428 may also have a 
dialog management component 510 configured to coordi- 35 

nate speech dialogs or interactions with a person near the 
UAV 102. Speech dialogs may be used to determine or 
clarify intents by asking a person for information using 
speech prompts. The speech interface component 428 may 
use scripts, rules, strategies, and/or state analyses to deter- 40 

mine responses to meanings that are understood from speech 
utterances. 

The speech interface component 428 may further include 

Software components ofthe support service 602 may also 
include a speech services module 612, which may provide 
sorne of the speech interface components described above 
with reference to FIG. 5, or which may provide support for 
such components. In sorne embodiments, the UAV 102 may 
provide the input audio signa! 502 to the speech services 
module 612 by streaming the input audio signa! 502 over the 
communications network 604. Similarly, the speech services 
module 612 may stream the output audio signa! 504 over the 
communications network 604 to the UAV 102. 

The support service 602 has a network communications 
interface 614 for communicating over the communications 
network 604 with multiple UAVs 102. The communications 
interface 614 may utilize wired and/or wireless technolo-
gies, depending on the nature of the communications net
work 604. 

a text-to-speech (TTS) component 512 that synthesizes or 
otherwise produces speech audio under the control of the 
dialog management component 510. For example, the TTS 
component 512 may produce speech to be played on the 
loudspeaker 414. 

FIGS. 7-11 illustrate different ways of using the speech 
45 capabilities ofthe UAV 102. The arder in which the opera

tions are described is not intended to be construed as a 

FIG. 6 illustrates relevant components of a support ser
vice 602 that may be used as part of a control center to 50 

provide control services and other services to support the 
UAV 102. The support service 602 may comprise, for 
example, a networked computer or server to provide infor
mation and commands to a plurality of UAVs 102. Each 
UAV 102 may communicate with the support service 602 to 55 

report the current position ofthe UAV 102, to report delivery 
statuses, and so forth. In sorne cases, the UAV 102 may 
provide sensor data such as audio, video, and other data to 
the support service 602 for analysis. The support service 602 
may alter certain aspects of the UAV's route or behavior 60 

depending on such an analysis. In addition, the support 
service 602 may provide support for the speech-related 
features of the UAV 102. 

limitation, and the operations or actions described in the 
different figures may be combined in various ways. 

FIG. 7 illustrates an example method 700 that may be 
performed when the UAV 102 has become broken or oth
erwise disabled. For example, the UAV 102 may be unable 
to fly or navigate and may be resting at a ground location. 
In sorne cases the UAV 102 may be in a hazardous state, 
such as may be the case when the propellers ofthe UAV 102 
are rotating or when the UAV is unable to reliably determine 
whether the propellers are rotating. In other cases the UAV 
102 may be grounded ata location and unable to commu
nicate its location to a control center. 

An action 702 comprises detecting that the UAV 102 is 
disabled. An action 704 comprises detecting the presence of 
a bystander using one or more sensors of the sensor system 
408. The action 704 may comprise capturing optical images 
of an area surrounding the UAV 102 and performing image 
analysis to detect human faces in the images. In other cases, The support service 602 may communicate with multiple 

UAVs 102 via a communications network 604, which may 
utilize cellular, radio frequency (RF), Wi-Fi, or other suit
able long-range wireless connection technologies. Portions 

65 the action 704 may comprise capturing audio and analyzing 
the audio to detect human voices. Various other types of 
analyses may be used to detect nearby humans. The action 



US 9,747,901 Bl 
9 

704 may include detecting whether a person is within an 
unsafe distance of the UAV 102. 

If a person is not detected near the UAV 102, the action 
702 repeats. If a person is detected in the vicinity ofthe UAV 
102 or within an unsafe distance of the UAV 102, such as 
within 20 feet of the UAV 102, for example, an action 706 

10 
or more dialog turns, where each dialog turn comprises 
speech of the nearby person and speech produced by the 
UAV 102. 

is performed of producing output speech using the loud
speaker 414. The output speech may instruct or query the 
person. For example, the output speech may comprise a 
request or warning for the nearby person to stay away or 10 

move away from the UAV 102. In sorne cases, the speech 
may comprise a request the person to perform an action such 

The speech dialog may relate to various tapies, and may 
be initiated by either the UAV 102 or the nearby person. For 
example, the person may notice the UAV 102 and may ask 
a question such as "What is in this delivery?" The UAV 102 
may respond by providing an answer to the question, such 
as by describing the article that is being delivered. As 
another example, the UAV 102 may request information 
from the person such as the name of the person, whether the 
proposed drop site is acceptable to the person, etc. As 
another example, the UAV 102 may request that the person 
indicate a desirable drop site. as reporting the location of the UAV 102, moving the UAV 

102 to a safe location, retrieving the UAV 102 and delivering 
15 

it to a control center or operations base, taking the UAV 102 
In response to the spoken request by the UAV 102, the 

person may respond by speech with the requested informa
tion. The UAV 102 may capture the speech using the 
microphone 412. The UAV 102 may recognize and interpret 
the meaning of the speech, and may save the provided 
information or provide the information to the control center. 
Asan example, the UAV 102 may determine or identify a 

to a charging location, etc. 
After producing the speech in the action 704, the action 

702 may be repeated. Thus, the spoken warning or request 
may be repeated as long as a person is within the predefined 20 

distance of the UAV 102. 
FIG. 8 illustrates another example method 800 that may 

be performed when the UAV 102 delivers an article to a 
delivery destination. An action 802 comprises flying and 
carrying an article from a product distribution location to a 
delivery destination. An action 804, performed while still 
airborne at the delivery destination, comprises detecting a 
person at the delivery destination using one or more sensors 
of the sensor system 408. The action 804 may include 
determining whether the person is within an unsafe distance 
of an article drop site at the delivery destination, such that 
the UAV 102 is unable to land or approach the article drop 
site without endangering the nearby person. For example, 
the action 804 may comprise determining whether the 
person is within a predetermined distance of the drop site. 

If a person is not detected near the article drop site, an 
action 806 is performed, comprising descending to the 
article drop site and/or releasing the article at the article drop 
site. If a person is at or near the article drop site, an action 
808 is performed of producing output speech using the 
loudspeaker 414. The output speech may instruct or query 
the person. For example, the output speech may comprise a 
request or warning for the nearby person to stay away or 
move away from the article drop site. 

desired drop site based on the meaning of the person's 
responsive speech. After interacting with the user through 
the speech dialog, the UAV 102 may descend to the article 

25 drop site and release the article at the article drop site. 
In cases where the person provides information regarding 

a desired article drop site, the UAV 102 may proceed to the 
newly specified drop site and perform the action 906 of 
releasing the article at the drop site. For example, the person 

30 may state "Take the delivery to the back door," and the UAV 
102 may respond by flying toan area by the back door ofthe 
user's residence and releasing the article there. 

The speech dialog may also request that the person move 
away from the article drop site. In sorne cases, the action 906 

35 may be delayed until the person has moved away from the 
article drop site. 

FIG. 10 illustrates a method 1000 that may be used when 
delivering an article to a delivery destination. An action 
1002 comprises flying and carrying an article from a product 

40 distribution location to a delivery location. An action 1004 
comprises, while airborne, capturing input speech of a 
person at the delivery destination using the microphone 412. 
In sorne cases, the input speech may comprise a question. In 
other cases, the input speech may comprise an answer to an 

45 inquiry previously presented to the person by the UAV 102. 
After producing the speech in the action 808, the action 

804 may be repeated. Thus, the spoken warning or request 
may be repeated as long as a person is near the article drop 
site. The article is released at the article drop site when UAV 
determines that the person has moved to a safe distance from 50 

the article drop site. 

In sorne cases, the input speech may comprise an inquiry 
regarding any one of various tapies, including information 
regarding the article being delivered, information regarding 
other existing orders, information regarding new orders, etc. 

An action 1006 comprises analyzing the input speech or 
causing the input speech to be analyzed to understand a 
meaning of the input speech. This may include performing 
ASR to determine the words of the input speech. This may 
also include performing NLU to determine a meaning or 

FIG. 9 illustrates another example method 900 that may 
be performed when the UAV 102 delivers an article to a 
delivery destination. This example assumes that the UAV 
102 has both speech output and speech input capabilities. 

An action 902 comprises flying and carrying a product or 
other article from a product distribution location to a deliv
ery destination. An action 904, performed while still air
borne at the delivery destination, comprises detecting a 
person at the delivery destination using one or more sensors 
of the sensor system 408. 

If a person is not detected near the UAV 102, an action 
906 is performed, comprising descending to the article drop 
site and/or releasing the article at the article drop site. If a 
person is at or near the article drop site, an action 908 is 
performed of engaging in a two-directional speech dialog 
with the nearby person. A speech dialog may comprise one 

55 intent of the input speech. 
An action 1008 comprises determining an appropriate 

response to the input speech. An action 1010 comprises 
producing output speech using the loudspeaker 414, wherein 
the output speech is responsive to the meaning of the input 

60 speech. In cases where the input speech is an inquiry, the 
output speech may comprise an answer to the inquiry. 

In sorne cases, the actions 1006 and 1008 may be per
formed by the UAV 102 itself. In other cases, the actions 
1006 and 1008 may be performed at least in part by a 

65 supporting service. In cases such as this, the UAV 102 
causes input speech to be analyzed by transmitting the input 
speech or an audio signa! representing the input speech to a 
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support service to determine the meaning of the input 
speech. The support service may perform the action 1008 of 
determining the appropriate response to the input speech and 
may provide the output speech to the UAV 102. 

In sorne embodiments, the action 1006 of analyzing the 
input speech may comprise performing voice recognition to 
determine or verify the identity of the nearby person. Voice 
recognition may be performed to verify that the person is an 
authorized recipient of the article, for example. Similarly, 
face detection and recognition may be used to determine or 10 

verify the identity of the person and that the person is an 
authorized recipient of the article. 

An action 1012 comprises releasing the article at the 
article drop zone. 

FIG. 11 illustrates another example method 1100 that may 15 

be performed using the UAV 102. An action 1102 comprises 
detecting a condition that can be addressed by speech. As an 
example, the condition might be that a person is in the 
vicinity ofthe UAV 102. As another example, the condition 
may be that the UAV 102 is ready to land or take off. As yet 20 

another example, the condition may be that the UAV 102 is 
lost, disabled, or is presenting a potential hazard. 

In response to detecting the condition, an action 1104 
comprises producing output speech using the loudspeaker 
414 ofthe UAV 102. The output speech may, for example, 25 

wam any nearby persons of a hazardous or dangerous 
situation. As another example, the output speech may 
request bystanders or people near a drop site to move away. 

FIG. 12 illustrates another example method 1200 that may 
be performed using the UAV 102. An action 1202 comprises 30 

detecting a person who is near the UAV 102. An action 1204 
comprises, in response to detecting the person, conducting a 
dialog with the person. In embodiments such as those 
described above, the dialog may be an audio dialog that is 
performed using automated components such as ASR, NLU, 35 

dialog management, and speech generation. In other 
embodiments, the dialog may be implemented by connect
ing the person to a live customer service representative using 
bi-directional audio and/or video. F or example, the U AV 102 
may capture audio and video signals and transmit them to a 40 

control center or service center for presentation in real time 
to a customer service representative. Similarly, audio and 
video of the customer service representative may be trans
mitted to and received by the UAV 102 in real time. This 
allows the person and the service representative to conduct 45 

a real-time conversation, during which the representative 
may address any issues raised by the person. In cases where 
the dialog includes video, video of the service representative 
may be presented on the display 416 of the UAV 102. 

In sorne cases, the action 1204 may initially comprise 50 

conducting an automated audio dialog. In response to certain 
conditions, such as an inability to understand the nearby 
person or a specific request by the person to talk with a live 
representative, the automated dialog may be transitioned to 
a live audio conference or a live audio-video conference. 55 

Although the subject matter has been described in lan
guage specific to certain features, it is to be understood that 
the subject matter defined in the appended claims is not 
necessarily limited to the specific features described. Rather, 
the specific features are disclosed as illustrative forms of 60 

implementing the claims. 
What is claimed is: 
l. An umnarmed aerial vehicle (UAV) comprising: 
an article support configured to carry an article to a 

delivery destination; 65 

one or more sensors configured to detect an interactive 
object; 

12 
a loudspeaker configured to produce audio output; 
one or more processors; 
one or more non-transitory computer-readable media stor

ing computer-executable instructions that, when 
executed on the one or more processors, cause the UAV 
to perform actions comprising: 
detecting the interactive object at the delivery destina

tion using the one or more sensors; 
determining whether the interactive object is within an 

unsafe distance of an article drop site at the delivery 
destination based on the detection; 

when it is determined that the interactive object is 
within an unsafe distance from the article drop site, 
producing a first output speech using the loud
speaker, wherein the first output speech requests that 
the interactive object move away from the article 
drop site; 

when it is determined that the interactive object is 
outside the unsafe distance from the article drop site, 
descending to the article drop site to deliver the 
article. 

2. The UAV of claim 1, the actions further comprising: 
detecting that the UAV is disabled at a ground location; 

and 
producing second output speech using the loudspeaker, 

wherein the second output speech requests an interac
tive object to report that the UAV is disabled at a 
ground location. 

3. The UAV of claim 1, further comprising: 
a microphone configured to capture speech of the inter

active object, wherein the captured speech comprises a 
question; and 

the actions further comprising producing second output 
speech using the loudspeaker, wherein the second out
put speech comprises an answer to the question. 

4. The UAV of claim 1, further comprising: 
a microphone configured to capture speech of the inter

active object; and 
the actions further comprising conducting a speech dialog 

with the interactive object, wherein the speech dialog 
comprises one or more dialog tums, each dialog tum 
comprising speech ofthe interactive object and second 
output speech produced using the loudspeaker. 

5. A method, comprising: 
carrying an article to a delivery destination with an 

urnnanned aerial vehicle (UAV); 
detecting an interactive object in an article drop site at the 

delivery destination using one or more sensors on the 
UAV; 

determining, by the UAV, whetherthe interactive object is 
within a predetermined distance from the article drop 
site based on the detection; 

when it is determined that the interactive object is within 
the predetermined distance from the article drop site, 
producing, by the UAV, a first output speech using a 
loudspeaker, wherein the first output speech requests 
that the interactive object move away from the article 
drop site; 

capturing input speech of the interactive object at the 
delivery destination using a microphone of the UAV; 

analyzing the input speech; and 
producing second output speech using a loudspeaker of 

the UAV, wherein the output speech is responsive to the 
analyzed input speech; 

and 
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when it is determined that the interactive object is outside 
ofthe pr.edetermined distance from the article drop site, 
descendmg, by the UAV, to the article drop site to 
deliver the article. 

6. The method of claim 5, wherein analyzing the input 
speech comprises transmitting the captured input speech to 
a support service and receiving the responsive output speech 
from the support service. 

7. The met~od of claim 5, wherein analyzing the input 
speech compnses performing speech recognition on an 
audio signa! produced using the microphone of the UAV. 

10 

8. The method of claim 5, wherein analyzing the input 
speech comprises: 

performing speech recognition on an audio signa! pro
duced using the microphone of the UAV to determine 
words of the input speech; and 15 

performing natural language understanding on the words 
of the input speech. 

9 . . The method of claim 5, further comprising transmitting 
the mput speech to a customer service representative, 
wherein the second output speech comprises speech of the 20 

customer service representative. 
10. The method of claim 5, further comprising: 
initiating a speech dialog with the interactive object in 

response to detecting the interactive object at the deliv-
ery destination. 25 

11. The method of claim 5, further comprising determin
ing the article drop site based at least in part on the analyzed 
input speech. 

12. The method of claim 5, further comprising performing 
voice recognition to determine whether the interactive object 30 

is an authorized recipient of the article. 
13. The method of claim 5, further comprising performing 

face recognition to determine whether the interactive object 
is an authorized recipient of the article. 

14. The method of claim 5, wherein the input speech 35 

comprises an inquiry regarding the article and the second 
output speech comprises an answer to the inquiry. 

14 
15. An umnanned aerial vehicle (UAV) comprising: 
an article support configured to carry an article for deliv-

ery to a delivery destination; 
a loudspeaker configured to produce audio output; 
one or more processors; 
one or more non-transitory computer-readable media stor

ing computer-executable instructions that, when 
executed on the one or more processors, cause the UAV 
to perform actions comprising: 
detecting an interactive object proximate to an article 

drop site at the delivery destination; 
determining whether the interactive object is within a 

predetermined distance ofthe article drop site at the 
delivery destination based on the detection; 

when it is determined that the interactive object is 
within the predetermined distance from the article 
drop site, producing output speech using the loud
speaker; and 

when it is determined that the interactive object is 
outside of the predetermined distance from the 
article drop site, descending to the article drop site to 
deliver the article. 

16. The UAV of claim 15, further comprising: 
detecting that the UAV is ready to land or takeoff. 
17. The UAV of claim 15, further comprising: 
one or more sensors configured to detect the interactive 

object. 
18. The UAV of claim 15, 
wherein the output speech requests that the interactive 

object move away from the article drop site. 
19. The UAV of claim 15, wherein the output speech 

wams the interactive object to stay at a safe distance from 
the UAV. 

20. The UAV of claim 15, wherein the output speech asks 
the interactive object to report a location of the UAV. 

* * * * * 
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docking stations are disclosed. The docking stations can be 
networked with a central control anda plurality ofUAVs. The 
docking stations can include a number of services to facilitate 
both UAV guidance and maintenance and community accep
tance and benefits. The docking stations can include package 
handling facilities and can act as a final destination or as a 
delivery hub. The docking stations can extend the range of 
UAVs by providing recharging/refueling stations for the 
UAVs. The docking stations can also include navigational aid 
to guide the UAVs to the docking stations and to provide 
routing information from the central control. The docking 
stations can be incorporated into existing structures such as 
cell towers, light and powerpoles, and buildings. The docking 
stations can also comprise standalone structures to provide 
additional services to underserved areas. 
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MULTI-USE UAV DOCKING STATION 
SYSTEMS AND METHODS 

BACKGROUND 

2 
FIG. 9A depicts a method for routing a UAV to deliver a 

package, in accordance with sorne examples of the present 
disclosure. 

Unmanned aerial vehicles (UAVs) comprise a variety of 
vehicles, from conventional fixed wing airplanes, to helicop
ters, to omithopters (i.e., machines that fly like birds ), and are 
used in a variety ofroles. They can be remotely piloted by a 
pilot on the ground or can be autonomous or semi-autono- 10 

mous vehicles that fly missions using preprogrammed coor
dinates, GPS navigation, etc. UAVs can include remate con
trol helicopters and airplanes for the hobbyist, for example. 

FIG. 9B depicts a method for rerouting a UAV to avoid a 
weather event, in accordance with sorne examples of the 
present disclosure. 

FIGS. lOA-lOB depict a method for routing a second UAV 
to deliver a package when a first UAV has a problem, in 
accordance with sorne examples ofthe present disclosure. 

FIGS. llA-llB depict a third UAV hold-down system, in 
accordance with sorne examples ofthe present disclosure. 

DETAILED DESCRIPTION 

UAVs may be equipped with cameras to provide imagery 
15 

during flight, which may be used for navigational or other 
purposes, e.g., identify ahouse address, etc. UAVs canalso be 
equipped with sensors to provide local weather and atmo
spheric conditions, radiation levels, and other conditions. 
UAV s may also include cargo bays, hooks, or other means for 20 

carrying payloads. 

Examples of the present disclosure relate generally to 
unmanned aerial vehicles, or "UAVs," and specifically to a 
system of docking stations for UAV s to increase the range and 
safety ofUAVs. The docking stations may incorporate a num
ber of features to enable UAVs to fly longer routes, to fly 
routes more accurately, and to provide shelter during adverse 
conditions. In sorne examples, the docking stations may also 

Newer generation UAVs may also provide significant pay
load capabilities. As a result, UAVs can also be used for 
delivering packages, groceries, mail, and other items. The use 
of UAVs for deliveries can reduce costs and increase speed 25 

and accuracy. The range provided by current UAV technol
ogy, however, makes deliveries over a wide area-e.g., 
throughout a city, or even a portian of a city-difficult. 

provide additional services to the communities in which they 
are installed. In sorne examples, the docking stations can also 
include various package handling abilities to facilitate pack
age delivery. In sorne examples, the docking stations may be 
networked to provide central command and control for the 
UAVs. 

To simplify and clarify explanation, the disclosure is 
described herein as a system and method for enabling UAVs 

BRIEF DESCRIPTION OF THE DRAWINGS 

The detailed description is set forth with reference to the 
accompanying figures. In the figures, the left-most digit(s) of 
a reference number identifies the figure in which the reference 
number first appears. The use of the same reference numbers 
in different figures indicates similar or identical items or 
features. 

FIG. lA depicts an unmanned aerial vehicle ("UAV") 
docking station on a convention streetlight, in accordance 
with sorne examples ofthe present disclosure. 

FIG. lB depicts a variety ofUAV sizes, in accordance with 
sorne examples ofthe present disclosure. 

FI G. 1 C depicts a network of docking stations for UAV s, in 
accordance with sorne examples ofthe present disclosure. 

FIGS. 2A-2C depict the UAV docking station of FIG. 1 
equipped with a recharging station, in accordance with sorne 
examples ofthe present disclosure. 

FIGS. 2D-2E depict the UAV docking station of FIG. 1 
equipped with a refueling station, in accordance with sorne 
examples ofthe present disclosure. 

FIGS. 3A-3C depict a first UAV hold-down system, in 
accordance with sorne examples ofthe present disclosure. 

FIGS. 4A-4B depict a second UAV hold-down system, in 
accordance with sorne examples ofthe present disclosure. 

FIGS. 5A-5B depict a UAV docking station with an inte
grated package locker, in accordance with sorne examples of 
the present disclosure. 

FIGS. 6A-6B depict a UAV docking station with an inte
grated package system, in accordance with sorne examples of 
the present disclosure. 

FIG. 7 depicts a UAV docking station with a plurality of 
communications accessories, in accordance with sorne 
examples ofthe present disclosure. 

FIG. 8 depicts a UAV docking station incorporated into a 
cellular phone tower, in accordance with sorne examples of 
the present disclosure. 

30 to provide delivery and other services. One skilled in the art 
will recognize, however, that the disclosure is not so limited. 
While, the system may be described as a system to deliver 
packages, it should be understood that the system may just as 
easily be used to delivery groceries, mail, movies, prescrip-

35 tions, and other items. In addition, the system is described 
herein for use with UAVs, but could also be applied to other 
vehicles using different form factors such as ground-based 
docking stations for autonomous delivery vans. 

The vehicles, methods, and systems described hereinafter 
40 as making up the various elements of the present disclosure 

are intended to be illustrative and not restrictive. Many suit
able vehicles, energy sources, navigational aids, and net
works that would perform the same or a similar function as 
the systems described herein are intended to be embraced 

45 within the scope of the disclosure. Such other systems and 
methods not described herein can include, but are not limited 
to, vehicles, systems, networks, and technologies that are 
developed afterthe time ofthe development ofthe disclosure. 

As shown in FIG. lA, examples ofthe present disclosure 
50 can comprise a system 100 for providing a plurality of dock

ing stations for one or more UAVs 105. The docking station 
102 portian of the system 100 is shown as installed on a 
conventional pole-mounted street light 110. As discussed 
below, however, the system 100 could also be installed on 

55 other existing structures such as cell towers, church steeples, 
office buildings, parking decks, radio towers, telephone/elec
trical pales, and other vertical structures ( collectively, 
"pales"). The system 100 can comprise an elevated landing 
platform 115 to enable one or more UAVs 105 to land. This 

60 can enable the UAVs 105 to, for example, avoid bad weather, 
recharge/refuel, drop off packages, pick-up packages, com
municate with a central control system, reset navigation sys
tems, and await further instructions, among other things. 

In sorne examples, the elevated landing platform 115 can 
65 be sized and shaped to enable two or more UAVs 105 to land 

at the same time. In this configuration, the system 100 can 
also comprise one or more locating devices such as, for 
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example, pressure sensors, laser scanners, video cameras, or 
other means to enable the system 100 to !acate the drones 105 
on the elevated landing platform 115. This can enable the 
system 100 to ensure, for example, that a first drone 105 drops 
off a package, while a seconds drone 105 recharges and 
continues on. 

As mentioned above, a limiting factor with current UAV 
technology is the relatively short range available when a UAV 

4 
without headwinds ), or the path that moves the UAV 105 from 
docking station to docking station without exceeding the 
UAV's 105 range. In sorne examples, the central control 150 
can adjust the UAVs' 105 routes dynamically based on, for 
example, the package weight and/or size, changes in weather 
( e.g., increased headwinds ), package priority, or traffic from 
other UAVs 105 or other air traffic. 

The central control 150 can also be in communication with 
is carrying a heavy or large payload. In other words, while a 
UAV may have a range of severa!, or even tens of miles, 
unladen, this range can drop to less than a mil e while carrying 
a package. Of course, larger UAVs with larger payloads and 
ranges are available, but the tradeoffbetween range and pay
load remains a significant concern in UAV system design. 

the docking stations 102 via a wired or wireless connection. 
10 This can enable the UAVs 105 to communicate with the 

To this end, as shown in FIG. lB, in sorne examples, the 15 

system 100 can include a variety of different UAVs 105. In 
sorne examples, the system 100 can comprise small UAVs 
105a, medium UAVs 105b, and large UAVs 105c. In sorne 
examples, the UAVs 105 can be categorized by payload 
capacity. For example, small UAVs 105a could be capable of 20 

from approximately 0-5 lbs., while medium UAVs 105b 
could be capable of carrying between 0-10 lbs., while the 
large UAV s 105c could be capable of carrying up to 50 lbs. Of 
course, other payload capacities, including payloads up to 
500 lbs andmore are possible. These ranges are intended to be 25 

exemplary and are not in any way limiting. 
In this manner, the system 100 can assign packages to a 

suitable sized UAV 105. Small packages can be assigned to 
small UAVs 105a, for example, to reduce costs and/or 
increase delivery speed. Larger packages, on the other hand, 30 

can be assigned to medium 105b or large 105c UAVs with 
larger payloads. In sorne examples, the packages can also be 
assigned to UAVs 105 based on prevailing weather condi
tions. In other words, a small or medium package can none
theless be assigned to a large UAV 105c dueto strong winds, 35 

for example. Of course, the UAVs 105 can be classified in a 
number of ways including, but not limited to, size, energy 
efficiency, payload, range, and top speed. 

As shown in FIG. lC, in sorne examples, the system 100 
can also comprise a plurality of networked docking stations 40 

102. The system 100 can comprise a central control 150, 
which can comprise, for example, a networked computer or 
server to provide information and commands to the plurality 
ofUAVs 105. In sorne examples, the central control 150 can 
be in communication with the docking stations 102 via a 45 

wireless connection 160, a wired connection 165, or combi
nations thereof. In sorne examples, the central control 150 can 
be in constant communication with the UAVs 105 via a cel
lular, radio frequency (RF), or other suitably long-range wire
less connection. In other examples, the central control 150 50 

can be in communication with the UAVs 105 when they are 
on, or in sufficient proximity, to a docking station 102. 

central control 150 when they are proximate a docking sta
tion. In addition, as discussed below, the docking stations 102 
can also comprise weather stations, for example, to provide 
weather data including local weather conditions. In addition, 
in sorne configurations, the docking stations 102 can also 
comprise automated package handling systems, which can be 
in communication with the central control 150 to indicate, for 
example, when a package arrives at the package handling 
system or when a package is retrieved from same. 

In sorne examples, one or more ofthe central control 150, 
the UAVs 105, the central facility 170, and the docking sta
tions 102 can be equipped with GPS receivers in communi
cation with one or more GPS satellites 175. As mentioned 
below, in sorne examples, the docking stations 102 can actas 
reference points for adjustment and error reduction for the 
UAV 105 GPS systems. In sorne examples, the central control 
150 can use GPS coordinates as waypoints for routing flight 
paths. 

In sorne examples, to facilitate longer routes, the UAV 
docking stations 102 can comprise a recharging station 205, 
as shown in FIGS. 2A-2C. As shown in FIG. 2A, the recharg
ing station 205 can comprise a modular power source 215 for 
the UAV 105, a power bay 220 located on the UAV 105, and 
a recharging base 210. As shown, in sorne examples, the 
recharging station 205 can comprise a battery charging base 
210 and one or more batteries, or battery packs, 215. In this 
configuration, the UAV 105 can be powered by a single bat
tery 215, for example, but can have a battery bay 220 config
ured for two or more battery packs 215. As the UAV 105 
approaches the docking station 102, therefore, the UAV 105 
can position itselfto land on the recharging station 205 (FIG. 
2B), drop off a discharged battery 215 and pick-up a charged 
battery 215 (FIG. 2C). Thus, the UAV105 can take offalmost 
immediately to continue its route and, when it takes off, the 
discharged battery 215 is left in the charging stand to charge. 

In addition, while described as a battery pack 215, the 
power supply for the UAV 105 could also be a hydrocarbon 
fue!, a fue! cell, solar energy, or other energy source. If, for 
example, the UAV 105 uses one or more nitromethane burn
ing engines, the battery packs 215 could be replaced with 
modular fue! cells and the recharging station 205 could com-
prise a refueling station. As the UAV approaches the docking 
station 102, therefore, it simply exchanges an empty fue! tank 
for a full one. Of course, the UAV could also use gasoline, 
diese!, Jet A, propane, methane, ethanol, methanol, or other 
hydrocarbon or alcohol based fuels. The use of appropriately 
spaced recharging (refueling) stations 205 can limitlessly 
extend the range ofthe UAV 105. 

In addition, while described above as a battery pack 215, 

In sorne examples, the central control 150 can also com
prise an internet connection 155. The central control 150 can 
also be in communication, via either the internet connection 55 

155 ora dedicated connection, with a local or regional pack
age handling center or central facility 170. The intemet con
nection 155 can enable the central control 150 to retrieve 
weather and package data, for example, to enable the system 
100 to route UAV s 105 in an efficient manner, while avoiding 
bad weather when possible. In this manner, UAVs 105 can 
retrieve a package from a central facility 170 ( or a docking 
station 102 ), and be routed in an efficient manner to their final 
destination via one or more docking stations 102. 

60 the energy source could also be a number of other electrical 
energy sources such as, for example, a fue! cell, a solar stor
age system, ora capacitar. In addition, there are myriad types 
ofbatteries and the battery packs 215 can comprise a variety 
of different battery types including, but not limited to, lithium 

The route for the UAV 105 can be calculated by the central 
control 150 and can be, for example, the most direct path, the 
path with the most favorable atmospheric conditions ( e.g., 

65 ion, nickel cadmium, nickel metal hydride, lithium polymer, 
and combinations thereof. U singa capacitar, for example, can 
enable the battery pack 215 to be recharged quickly obviating 
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the need for multiple battery packs. In addition, while a con
ventional contact type battery charger is discussed, other 
types of chargers such as, inductive, RF, and other non-con
tact charging systems are contemplated herein. Finally, dock
ing stations 102 configured to enablemorethanone UAV 105 5 

to land can comprise a plurality of recharging stations 205 to 
enable multiple UAVs 105 to be refueled/recharged at the 
sametime. 

As shown in FIGS. 2D-2E, in sorne examples, the UAVs 
105 can be powered by liquid or gaseous fuels. In this con- 10 

figuration, the UAVs 105 can include fue! tanks 245. In sorne 
examples, the power bay 220 can comprise two fue! tank 
receivers, similar to the battery bay 220 discussed above. In 
this marmer, the UAV 105 can land, drop an empty fue! tank 

15 
245, and pickup a full fue! tank 245. 

Inotherexamples, as showninFIG. 2D, the UAVs 105may 
comprise a refueling probe 250 engageable with a refueling 
nozzle 255 on the platform 115. The refueling nozzle 255, in 
turn, can be in fluid communication with a fue! storage tank 20 

260 in the platform 115 ( or somewhere on the docking station 
102). In sorne examples, the refueling nozzle 255 may com
prise a cone-shaped receptacle to reduce the maneuvering 
accuracy required by the UAV 105. When the UAVs 105 land 
(as shown in FIG. 2E), the refueling probe 250 can engage 25 

with the refueling nozzle 255 to enable the system 205 to refill 
the fue! tank 245. 

6 
In sorne examples, as shown also shown in FIGS. 3A-3B, 

the elevated platform 115 may also comprise a turntable 325. 
The turntable 325 can enable the UAV 105 to be rotated while 
on the platform 115. Rotating the UAV 105 can enable the 
package 31 O to be properly aligned, for example, for handling 
by the package handling system, discussed below. The turn-
table 325 can also enable the UAV 105 to be aligned with the 
recharging system 205, or simply to enable a UAV 105 to take 
off and land into the wind as the wind shifts. 

In other examples, as shown in FIGS. 4A and 4B, the 
platform 115 can include one or more slot-type hold-downs 
405. The slot-type hold-downs 405 can comprise opposing 
brackets 41 O, for example, disposed on the platform 115 such 
that a slot 415 is defined therebetween. In this manner, as the 
UAV 105 approaches the platform 115, it can fly such that its 
skids 105d (also shown in FIG. 3C) are substantially aligned 
with the slot 415. As the UAV 105 lands, therefore, the skids 
are inserted between the brackets 410 and the UAV 105 sub-
stantially moves in straight and leve! flight, or translates, to 
fully engage the brackets 410. Because the slot 415 is smaller 
than the diameter of the skids, however, the UAV 105 is 
secured to the platform. When taking off, the UAV 105 merely 
hovers slightly, backs offthe platform 115, until it clears the 
brackets 410 and then flies away normally. In sorne examples 
like the clamp-type system 305, the brackets 410 can move 
between an open position and a closed position to decrease 
the accuracy required to land and engage the UAV. 

In sorne examples, as shown in FIGS. 5A-5B, the system 
In still other examples, the UAVs 105 can be stackable. In 

other words, two or more UAVs 105 can land in the same 
location on the platform 115 to both increase the capacity of 
the platform 115 and to provide charging to multiple UAVs 
105 atthe sametime. Insomeexamples, the UAVs 105 can be 
secured to one another and can include electrical contacts to 
enable two or more UAVs 105 to be charged by the same 
charging station 205. 

30 500 can also comprise additional features for improved aes
thetics, functionality, and profitability. In sorne examples, the 
system 500 can comprise signage 505. This can include, for 
example, banners, signs, and display screens. In sorne 
examples, the signage 505 can comprise advertising to gen-

35 erate additional revenue for the provider. In other examples, 
the signa ge 505 can provide information, such as the location 
number for the docking station 102 to enable users to !acate 
packages, for example, or GPS coordinates to enable users 

As showninFIGS. 3A-3C, the docking station300 canalso 
comprise one or more UAV securing systems 305. In sorne 
examples, the UAV securing system 305 can comprise a 
clamp to hold the UAV 105 securely when on the elevated 
platform 115. This can enable the UAV 105 to offioad pack- 40 

ages 310 safely, for example, and can enable the UAV 105 to 

and UAV operators to calibrate their GPS equipment. 
In still other examples, the system 500 can comprise a 

package transfer system 510 and/or a package locker storage 
system 515. As the name implies, the package transfer system 
510 can transferpackages from the UAV 105, to the platform 
115, and then to a lower leve! ( e.g., the ground leve!). In sorne 

be secured during high winds and other adverse weather 
events. 

The UAV securing system 305 can comprise one or more 
clamps 305a stowed in one or more bays 305b on the platform 
115. The clamps 305a can be stowed in the bays 305b when 
not in use, or can simply be in an open position, as shown in 
FIG. 3A. When the UAV 105 lands, the clamps 305a can be 
closed to securethe UAV 105 to theplatform 115, as shownin 
FIG. 3B (and in detail in FIG. 3C). In sorne examples, the 
clamps 305a can be closed every time the UAV 105 lands. In 
other examples, the clamps 305a can be closed only when 
conditions require it to stabilize the UAV 105 (e.g., during 
high winds). As shown, the clamps 305a can be secured over 
one or more skids 105d ofthe UAV 105. 

45 examples, this can enable the UAV 105 to deliver items to a 
user or a delivery person on the ground. In other words, in 
sorne examples, the UAV 105 can deliver packages to the 
docking station 500 and the package either can be picked-up 
there by the addressee or can be delivered to its final destina-

50 tion by a delivery person in a truck, car, on a scooter, or using 
other transportation means. The package transfer system 510 
can comprise, for example, a vacuum tube, dumbwaiter, 
elevator, or conveyor to transfer the package from the plat
form to the ground leve! without damage. In sorne examples, 

55 the package transfer system 510 can utilize gravity and can 
simply comprise a conduit with one or more gates to direct 
packages to the correct location. The package transfer system 
510 can comprise, for example, a large gate, a medium gate, 
and a small gate, such that packages of a certain size are 

Of course, different UAV 105 landing gear designs (e.g., 
wheeled) or platform 115 designs may require a variety of 
designs to secure the UAV 105. The UAV securing system 3 05 
could also comprise a magnet, such as an electromagnet. In 
this configuration, the electromagnet may be energized when 
the UAV 105 is on theplatform 115, andde-energized prior to 
take-off, landing, and/or when no UAV 105 is present. In 
other examples, the elevated landing platform 115 could com
prise a vacuum device, such as a suction cup or vacuum plate 
(i.e., a perforated plate in the platform to exert a vacuum on a 65 

portian ofthe UAV 105) to secure the UAV 105 to the plat
form 115. 

60 routed to an appropriate location in a storage system, as 
discussed below. 

In sorne examples, the system 500 can also comprise a 
locker storage system 515. In sorne examples, the locker 
storage system 515 and the package transfer system 510 can 
be separate. In this configuration, packages can be transferred 
to the ground leve! by the package transfer system 510. The 
packages can then be sorted and stored in the locker storage 
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system 515 at the ground leve!. This can enable customers to 
pickup packages from the locker storage system 515. 

As shown in FIG. 5B, this configuration can also enable 
delivery personnel to retrieve packages-which can be pre
sorted-from the locker storage system 515 and deliver them 
to their final destination. Ali packages in a particular locker 
515a, for example, can be addressed to the same zip code, 
neighborhood, street, or house to enable more efficient local 
delivery. In sorne examples, the use of local locker storage 
systems 515 can enable packages to be delivered without the 10 

use of large delivery trucks. In other words, personnel can 
retrieve packages from a centrally located locker storage sys
tem 515. The worker can deliver ali ofthe packages for a first 
location, and then retum to the locker storage system 515 for 

15 
the packages for a second location. This can enable packages 
to be delivered via compact car, scooter, or other more effi
cient means (i.e., more efficient than a large delivery truck), 
while minimizing the distances covered for delivery and 
delivery delays. 20 

In other examples, the locker storage system 515 can be in 
communication with the package transfer system 510 and/or 
the central control 150 and can include an automated package 
sorting system. The automated package sorting system can 
use conveyors, ro botics, or other known methods to automati- 25 

cally read and sort packages into an appropriate locker 515a. 
In sorne examples, the package sorting system can sort pack
ages based on commands from the central control 150. They 
can be sorted, for example, in the arder they arrive, because 
the central control 150 can in control of routing the packages 30 

and the UAVs 105. In this manner, packages can be placed in 
an individual storage locker 515a based on, for example, 
address, zip code, size, or weight. 

8 
As shown in FIGS. 6A and 6B, in sorne examples, the 

platform 115 can comprise an access door 61 O to the package 
transfer system 510. In sorne examples, as shown the access 
door 610 can comprise one or more trap doors. In other 
examples, the access door 610 can comprise, for example, a 
sliding door, a roll-up door, or other type of door to provide 
access to the package transfer system 510, while reducing, or 
eliminating, the infiltration ofwater, dirt, and debris into the 
package transfer system 510. 

In sorne examples, the access door 610 can be spring
loaded and can open underthe weight ofthe package. In other 
examples, the access-door 610 can be in short-range commu
nication with the UAV 105 ( e.g., RFID, wireless, etc.) and can 
open upan receiving a signa! from the UAV 105. In still other 
examples, as mentioned above, the central control 150 can 
track and control a plurality ofUAVs 105. In this configura-
tion, the central control 150 can be in communication with the 
UAV 105 and/orthe access door 610 and can senda signa! to 
the access door 610 to open and clase. 

Prior to the arrival ofa UAV 105 thathas a package forthat 
location, the access door(s) 610 can be closed, as shown in 
FIG. 6A. When the UAV 105 lands on the platform, commu
nication between the UAV 105 and the access door 610 orthe 
access door 61 O and the central control can be initiated. U pon 
receiving the appropriate command, the access door 610 can 
open and the UAV 105 can drop the package 605 into the 
packagetransfer system510, as shown inFIG. 6B. Of course, 
in sorne examples, to prevent damage, the UAV 105 may 
lower the package into the package transfer system 51 O or the 
package transfer system 51 O may be padded or curved to 
reduce the impact. 

In sorne examples, the UAV 105 can also comprise a cam-
era 625. The camera 625 can comprise a standard video 
camera and/or can comprise, for example, an infrared camera, 
a night vision camera, sonar receiver, and radar receiver. The 
camera 625 can enable the UAV 105 to, for example, !acate 
the platform 115, align with the package handling system 
510, and refuel/recharge. In sorne examples, the camera 625 
can also provide remate video feeds to enable monitoring of 
weather and light conditions, crime, traffic, and other infor
mation. 

As shown in FIG. 7, to encourage municipalities, neigh
borhoods, and individuals to allow installations of multiple 
docking stations 102, the docking stations 102 may also 

In sorne examples, the lockers 515a can comprise coded 
entry locks to enable users to pick up their package at the 35 

locker 515a ata convenient time. U pon delivery to the locker 
storage system 515, the recipient can be provided with the 
location ofthe docking station 500, the locker 515a number, 
and the code for the lock ( e.g., an alphanumeric one-time use 
access code) via e-mail or text message, for example. The 40 

recipient can then retrieve the package at their convenience 
using the one-time use access code. The locker storage sys
tem 515 can then update the status of the locker 515a to 
empty, assign a new access code, and the locker 515a is ready 
for reuse. 

In sorne examples, packages not retrieved within a prede
termined timeframe ( e.g., 1 O days) can be retumed to the 
central facility (i.e., the central facility 170 shown in FIG. lC) 
for reprocessing or return to the original sender. In sorne 
examples, the package can be retumed to the platform 115 50 

with the package transfer system 510 for retrieval by a UAV 
105. In other examples, the package can simply be retumed 

45 include a number of mutually beneficia! features. In sorne 
examples, the docking station 700 can include a street light 
705. In selected examples, instead of being mounted on an 
existing street light, the service provider may include a new 

by a delivery person. 
In still other examples, the system 500 can also comprise a 

shelter 520 for the UAV 105. The shelter 520 can be used 55 

street light with the installation. 
Similarly, the docking stations 700 can act as primary or 

supplementary (relay) cell towers. To this end, the docking 
stations can include cellular antennas 710, switches, and 
other equipment to act as cell tower. In addition, in sorne 
cases, the docking stations 700 can also include wireless 
internet, or "Wi-Fi," connections 715. This can not only 
enable the UAV 105 to talk to the central control (i.e., the 
central facility 170 shown in FIG. lC) and the docking station 
102 but also can provide local free or fee-based Wi-Fi ser
vices. This can enable cities to provide free Wi-Fi in public 

instead of, or in conjunction with, the UAV securing system 
305. In sorne examples, the shelter 520 can be a small struc
ture with a roof, as shown in FIG. 5A. In other examples, the 
shelter 520 can be a retractable tarp or awning, an inflatable 
shelter, ora mechanized top, similar to a convertible vehicle 
roo f. In other words, in sorne examples, the shelter 520 can be 
a permanent structure, while in other examples it can be 
retractable or inflatable. As shown in FIG. 5A, in sorne 
examples, the shelter 520 can comprise a pivoting roof 520a 

60 parks, buildings, and other public areas without bearing the 
burden of installing sorne, or ali, of the necessary infrastruc-

to enable the UAV 105 to more easily land in the shelter 520 65 

(e.g., the UAV 105 can land vertically, horizontally, or a 
combination thereof). 

ture. 
In still other examples, the docking stations 700 can 

include video cameras 720. These can be used by local 
authorities for traffic monitoring and crime prevention, 
among other things. In sorne configurations, the docking sta
tions 700 can also include weather stations 725. The weather 
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ditions, package delivery time, and UAV flight speed, among 
other things, and can include segments. 

The central control can then ensure that the flight plan 
segments do not exceed the maximum range of the chosen 
UAV, as shown at 920. If none of the segments exceeds the 
UAV' s range, the central control can send the flight plan to the 
UAV for execution, as shown at 925. In other words, if the 
UAV has sufficient range to deliver the package directly ( e.g., 
the final destination is relatively clase to the central facility, 

stations 725 can provide wind speed and direction, tempera
ture, and other weather related information to both the UAVs 
105, the central control 150, and to local residents, busi
nesses, and govermnent entities. In this manner, the UAVs 
105 and central control 150 can create efficient mutes for the 
UAVs to avoid, for example, excessive winds, head winds 
(which can negatively affect flight range ), and severe weather. 
Similarly, a networked series of docking stations 700 can 
provide highly granular weather reporting without the need 
for separate infrastructure. 10 the UAV can fly directly to the final destination. 

If any ofthe flight segments do exceed the maximum range 
of the UAV, on the other hand, the central control can add 
segments and stops at intervening docking stations, as neces
sary, as shown at 930. The docking stations can enable the 

In yet other examples, the docking stations 700 can further 
comprise one or more solar panels 730. The solar panels 730 
can be used, for example, to power the docking station 700, 
the docking station accessories (e.g., the weather stations 
725) or to provide energy to the recharging station 205. In 
sorne examples, the solar panels 730 may be connected toan 
electrical grid as shown in FIG. lA to offset the cost of 
system. 

15 UAV to land, refuel/recharge, and then continue along the 
flight path to the final destination. When a sufficient number 
of intervening docking stations have been added to the flight 
plan to provide sufficiently short flight segments, the flight 
plan can be sent to the UAV for execution, as shown at 925. 

In sorne cases, the flight plan may need to be modified to 
account for changing weather conditions, as shown in FIG. 
9B. As a result, examples ofthe present disclosure can also 
comprise a method 950 for rerouting UAV to avoid significant 
weather issues. In sorne examples, the central control can 

In still other examples, the docking station 700 can com
prise one or more GPS receivers 735. In sorne examples, the 20 

docking station 700 can send GPS coordinates to the UAV 
105 when it is positioned on the platform 115 to enable the 
UAV 105 to calibrate or"zero-out" its navigational system. In 
other words, the location of the docking station 700 can be 
measured very accurately using a relatively sophisticated 
GPS receiver 735, land surveying equipment, or other means. 
The docking station 700 can then provide this corrected GPS 
location to the UAV 105, which may have a relatively simpler 
GPS system with sorne inherent error. This can provide a 
correction factor to the UAV 105 to increase the accuracy of 
the onboard GPS system. 

25 receive weather information from one, sorne, or ali of the 
docking stations, as shown at 950. In sorne example, each 
docking station can comprise a weather station. This can 
provide the central control with a very granular weather pic
ture for the delivery area. This can enable the system to 

30 identify localized weather events such as, for example, thun
derstorms, which tend to be fairly small and localized, but 
violent. In other examples, the docking station 700 can comprise 

the same type ofGPS receiver 735 as that used on the UAV 
105. In that manner, the docking station 700, which is station
ary, can compare the GPS location provided by the GPS 35 

receiver 735 to the known GPS location, calculate a correc
tion factor, and provide the correction factor to the onboard 
GPS receiver on the UAV 105. In sorne examples, because ali 
of the docking stations 700 are networked, the GPS receivers 
735 on the docking stations 700 can provide a local area 40 

correction by combining the correction factor from two or 
more docking stations 700. 

As shown in FIG. 8, the docking station 800 may be 
mounted on, or may include, a cell tower 805. This can 
provide cell towers 805 in more remate locations than would 45 

otherwise be financially prudent, for example, because the 
cost ofthe tower can be absorbed, or at least shared, with the 
package delivery company using the UAVs 105. So, for 
example, the company could either partner with a cell phone 
provider to share costs, or could enter cell phone market 50 

themselves to defray the costs ofthe docking stations 800. 
Examples of the present disclosure can also comprise a 

method 900 for routing UAVs to deliver packages. In sorne 
examples, the package can be received ata central facility, as 
shown at 905. As mentioned above, the central facility can 55 

comprise, for example, a local or regional package sorting 
and handling facility. At the central facility, the central control 
can determine the size, weight, and final destination of the 
package can be determined, as shown at 910. This informa
tion can be derived from the package ID, such as a tracking 60 

number or bar code. 
The central control can then choose an appropriate UAV 

based on the size and weight of the package, delivery time, 
and weather conditions, among other things. The central con
trol can then generate a flight plan, comprising one or more 65 

segments, for the chosen UAV, as shown at 915. The flight 
plan can be chosen based on current wind and weather con-

In sorne examples, the central control can determine ifthe 
weather event exceeds a certain threshold, as shown at 955. In 
other words, the central control can determine, for example, 
whether the wind is in a certain direction ( e.g., a headwind for 
the UAV) and/or exceeds a predetermined speed. If, for 
example, a UAVhas a top speedof lOmph (or 15 or20mph), 
then any headwind above this mark would prevent flight. In 
addition, the threshold can be set somewhat lower, such that 
any speed above 5 mph (or 10 mph or 15 mph, respectively) 
is deemed to inefficient to continue. Wind speed threshold can 
be set, for example, asan absolute value ora percentage of the 
top speed ofthe UAV. 

Similarly, the UAV may be a ble to continue rather easily in 
a light rain, while rainfall above a certain rate ( e.g., 1 inch/ 
hour) makes flying inefficient or impossible. UAVs may also 
be unable to fly in extremely cold or extremely hot weather 
due to battery losses at these temperatures. As a result, the 
weather event thresholds can be set for each size and type of 
UAV, for a certain package size and/orweight, or other factors 
and combinations of factors. 

If the system determines that the weather event is below the 
predetermined threshold, then system can continue to receive 
weather updates from the docking stations, as shown at 952. 
If, on the other hand, the weather event exceeds the predeter-
mined threshold, the central control can generate an altema
tive flight plan in an attempt to avoid the weather event, as 
shown at 960. If, for example, the weather event is a fairly 
localized thunderstorm, the system can simply route the UAV 
around the weather event. If the weather event can be avoided, 
the altemate flight plan can be sent to the UAV for execution, 
as shown at 970. As befare, the flight plan can include a 
necessary number of docking stations to route the UAV to the 
final destination. 

If, on the other hand, the weather event is more widespread, 
it may be impossible or impractical for the central control to 
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route the UAV around the weather event. In this case, the 
central control can determine the current location ofthe UAV, 
as shown at 972, and then determine the location of the closest 
docking station to the current location, as shown at 975. In 
sorne examples, this can comprise the closest available dock
ing station (e.g., the closest docking station may already be 
occupied). The central control can then send a "hold" flight 
plan to the UAV to fly to the closest docking station and hold 
for the weather to clear, as shown at 980. In sorne examples, 
the UAV can take advantage ofthe UAV securing system 305 
at the docking station to prevent damage during the weather 
event. 

It is inevitable that UAVs with have electronic or mechani
cal failures in service.As a result, as showninFIGS. lOA and 
1 OB, in sorne examples the system can also include a method 
1000 for rerouting UAVs to account for mechanical, electri
cal, orothertechnical issues. In sorne examples, the UAV can 
comprise an on-board diagnostic system comprising a plural
ity of error codes. These codes can refer to, for example, 
battery and motor overheating, low battery charge or fue! 
leve!, low motor RPM, and higher than normal power settings 
(e. g., the current from the battery is higher than normal for the 
current load and conditions ). 

Regardless ofthe problem, a first UAV can send an error 
code to the central control, as shown at 1005. U pon receiving 
the error code, the central control can (1) determine the cur
rent location of the first UAV, as shown at 1010 and (2) 
determine a first docking station for the first UA V, as shown at 
1015. Of course, in sorne cases, the first docking station will 
be chosen because it is the closest docking station. In other 
cases, the closest docking station may be occupied, for 
example, and the first docking station can be the closest 
available docking station. In still other cases, such as when the 
stricken UAV cannot fly to a farther docking station, the 
central control can senda flight plan to a UAV that is occu
pying the closest docking station moving it to another dock
ing station. After determining the appropriate docking sta
tion, the central control can generate an "emergency" flight 
plan for the first UAV from the UAV's current location to the 
first docking station, as shown at 1020. 

The central control can then send the emergency flight plan 
to the first UA V, as shown at 1025. If the error is an unexpected 
loss of power such as a defective battery pack, for example, 
the first UAV may be able to receive a charged battery pack 
from the first docking station and continue on to the final 
destination. If, on the other hand, the UAV is unable to con
tinue ( e.g., one or more motors on the UAV have failed), then 
the central control can send an instruction to the first UAV to 
drop the package at the first docking station, as shown at 
1030. 

As shown in FIG. lOB, ifthe first UAV is unable to con
tinue, the method 1000 can continue with the central control 
determining the current position ofa second UAV, as shown at 
1050. The second UAV may be the closest UAV to the first 
docking station, the closest available UAV, orthe closest UAV 
with the appropriate carrying capacity for the package, for 
example. The central control can then generate a "back-up" 
flight plan for the second UAV to the first docking station, as 
shown at 1055. Ifthe back-up flight plan is determined to be 
within the range of the second UAV, as shown at 1060, the 
central control can send the back-up flight plan to the UAV, as 
shown at 1065. 

If, on the other hand, the back-up flight plan is determined 
to exceed the range ofthe second UAV, as shown at 1055, the 
central control can add docking stations to the flight plan, as 
necessary, as shown at 107 5. The central control can then send 
the modified back-up flight plan to the second UAV, as shown 

12 
at 1065. In sorne examples, the central control can also send 
instructions to the second UAV to pickup the package from 
the first docking station, as shown at 1070. The second UAV 
can then be routed to the final destination, as discussed above. 

In sorne examples, the platform 115 can comprise one or 
more electromagnets 1105 and the UAV 105 can comprise 
one or more ferromagnetic components 1110. In sorne cases, 
for example, sorne or ali of the skids 111 O on the UAV 105 can 
comprise a ferromagnetic material. In sorne examples, the 

10 skids 111 O can comprise ferromagnetic pucks or strip s. In this 
manner, when activated, the electromagnets 1105 can secure 
the UAV 105 to the platform 115, but release the UAV 105 
when deactivated. In sorne examples, the electromagnets 
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1105 can al so comprise a battery back-up system to ensure the 
UAV 105 can be secured during power outages. This may be 
particularly relevant in weather related power outages, for 
example. 

In sorne examples, the platform 115 can also include addi-
20 tional features. The platform 115 can comprise, for example, 

one or more landing patterns 1120. In sorne examples, the 
landing patterns 1120 can comprise high contrast, reflective, 
orother markings, such as anX, which can be easily identified 
by the UAVs video camera 625. The landing patterns 1120 

25 can provide a target location for the UAV 105 and can align 
the UAV 105 with, for example, the package handling system 
510 or the securing system 305. In sorne areas, the platform 
115 can also comprise pigeon spikes, scarecrows, artificial 
owls, overhangs, or other deterrents to limit wildlife interfer-

30 ence with platform 115 operations. 
In sorne examples, the platform 115 can al so comprise one 

or more beacons 1125. The beacons 1125 can comprise, for 
example, flashing landing lights, radio beacons, homing bea
cons, or other indicia to enable the UAV 105 to !acate the 

35 elevated landing platform 115. The beacons 1125 can enable 
the UAV 105 to !acate the platform in adverse weather con
ditions, for example, or at night. In sorne examples, the bea
cons 1125 can comprise radio beacons to aid navigation in 
areas with high light pollution (e.g., in city centers), where 

40 landing lights may be difficult to distinguish from surround
ing city lights. In still other examples, the beacons 1125 can 
comprise a glide slope, ILS, or other instrumentation to facili
tate landing. 

While severa! possible examples are disclosed above, 
45 examples of the present disclosure are not so limited. For 

instance, while a system of docking stations for UAVs to 
deliver packages is disclosed, other UAV tasks could be 
selected without departing from the spirit ofthe disclosure. In 
addition, the location and configuration used for various fea-

50 tures of examples of the present disclosure such as, for 
example, the location of the package transfer system and 
lockers, the number and type of services provided by the 
docking station, and the locations and configurations of the 
docking station can be varied according to a particular neigh-

55 borhood or application that requires a slight variation dueto, 
for example, size or construction covenants, the type ofUAV 
required, or weight or power constraints. Such changes are 
intended to be embraced within the scope ofthis disclosure. 

The specific configurations, choice of materials, and the 
60 size and shape of various elements can be varied according to 

particular design specifications or constraints requiring a 
device, system, or method constructed according to the prin
cipies of this disclosure. Such changes are intended to be 
embraced within the scope of this disclosure. The presently 

65 disclosed examples, therefore, are considered in ali respects 
to be illustrative and not restrictive. The scope ofthe disclo
sure is indicated by the appended claims, rather than the 
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foregoing description, and ali changes that come within the 
meaning and range of equivalents thereof are intended to be 
embraced therein. 

The invention claimed is: 
l. A method to deliver packages via an unmanned aerial 

vehicle (UAV), the method comprising: 
receiving a package at a central facility; 
mapping, via a central control, a first flight path of a first 

UAV from the central facility to a final destinationofthe 
package, the first flight path comprising two or more 10 

segments and one or more stops at one or more docking 
stations between the central facility and the final desti
nation; 

instructing the first UAV to follow the first flight path; 
receiving at the central control, weather data from one or 15 

more weather stations; 
receiving at the central control, a current position of the 

first UAV; 
identifying a closest docking station from the current posi

tion ofthe first UAV; 
mapping a second flight path from the current position of 

the first UAV to the identified closest docking station in 
response to the weather data; 

20 

14 
receiving a package at a central facility; 
mapping, via a central control, a first flight path of a first 

UAV from the central facility to a final destination ofthe 
package, the first flight path comprising two or more 
segments and one or more stops at one or more docking 
stations between the central facility and the final desti
nation; 

instructing the first UAV to follow the first flight path; 
receiving an error code from the first UAV; 
receiving a current position from the first UAV; 
identifying a closest docking station to the current position 

ofthe first UAV; 
mapping a second flight path from the current position of 

the first UAV to the identified closest docking station; 
instructing the first UAV to follow the second flight path in 

response to receiving the error code; 
instructing the first UAV to drop the package at the identi

fied closest docking station; 
receiving a current position from a second UAV; 
mapping a third flight path from the current position of the 

second UAV to the identified closest docking station; 
and 

instructing the second UAV to follow the third flight. 
instructing the first UAV to follow the second flight path in 

response to the weather data; 
instructing the first UAV to drop the package at the identi

fied closest docking station; 

1 O. The method of claim 9, wherein each of the two or more 
25 segments ofthe first flight path is between two ofthe central 

facility, a docking station, and the final destination. 

receiving a current position from a second UAV; 
mapping a third flight path from the current position of the 

second UAV to the identified closest docking station; 30 

and 
instructing the second UAV to follow the third flight path. 
2. The method of claim 1, wherein each ofthe two or more 

segments of the flight path is between two of the central 
facility, a docking station, and the final destination. 

3. The method of claim 1, further comprising: 
35 

11. The method of claim 9, further comprising: 
receiving at the central control, weather data from one or 

more weather stations; 
receiving at the central control, a current position of the 

second UAV; 
identifying a closest docking station from the current posi

tion ofthe second UAV; 
mapping a fourth flight path from the current position of the 

second UAV to the identified closest docking station; 
and 

receiving an error code from the second UAV; 
receiving a current position from the second UAV; 
identifying a closest docking station to the current position 

ofthe second UAV; 

instructing the second UAV to follow the fourth flight path. 
12. The method of claim 11, wherein identifying a closest 

docking station from the current position ofthe second UAV 
40 further comprises identifying the closest unoccupied docking 

mapping a fourth flight path from the first current position 
of the second UAV to the identified closest docking 
station; and 

instructing the second UAV to follow the fourth flight path. 
4. The method of claim 3, wherein identifying a closest 45 

docking station from the current position ofthe second UAV 
further comprises identifying the closest unoccupied docking 
station. 

5. The method of claim 1, wherein identifying a closest 
docking station from the current position of the first UAV 50 

further comprises identifying the closest unoccupied docking 
station. 

6. The method of claim 1, further comprising: 
receiving a communication from the UAV ata first docking 

station; and 
transmitting the communication from the first docking sta-

tion to the central control. 
7. The method of claim 1, further comprising: 

55 

measuring a weight, a size, or both ofthe package; and 
calculating the maximum flying range for the UAV based 60 

on the measured weight, size, or both of the package. 
8. The method of claim 1, further comprising: 
measuring a weight ofthe package; and 
determining a size for the UAV based on the measured 

weight, size, or both ofthe package. 
9. A method to deliver packages via an unmanned aerial 

vehicle (UAV), the method comprising: 

65 

station. 
13. The method of claim 9, wherein identifying a closest 

docking station from the current position of the first UAV 
further comprises identifying the closest unoccupied docking 
station. 

14. The method of claim 9, further comprising: 
receiving data from one or more weather stations along the 

third flight path; 
mapping a fourth flight path for the second UAV from the 

identified closest docking station to the final destination 
ofthe package based on the weather station data; and 

instructing the second UAV to follow the fourth flight path. 
15. The method of claim 9, further comprising: 
receiving a communication from the first UAV at a first 

docking station; and 
transmitting the communication from the first docking sta-

tion to the central control. 
16. The method of claim 9, further comprising: 
measuring a weight, a size, or both ofthe package; and 
calculating the maximum flying range for the UAV based 

on the measured weight, size, or both of the package. 
17. The method of claim 9, further comprising: 
measuring a weight ofthe package; and 
determining a size for the UAV based on the measured 

weight, size, or both ofthe package. 
18. A method to deliver packages via an unmanned aerial 

vehicle (UAV), the method comprising: 
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receiving a package at a central facility; 
mapping, via a central control, a first flight path of a first 

UAV from the central facility to a final destinationofthe 
package; 

instructing the first UAV to follow the first flight path; 
receiving at the central control, weather data from one or 

more weather stations; 
receiving at the central control, a current position of the 

first UAV; 
identifying a closest docking station from the current posi- 10 

tion ofthe first UAV; 
mapping a second flight path from the current position of 

the first UAV to the identified closest docking station in 
response to the weather data; 

instructing the first UAV to follow the second flight path in 
response to the weather data; 

instructing the first UAV to drop the package at the identi
fied closest docking station; 

receiving a current position from a second UAV; 
mapping a third flight path from the current position of the 

second UAV to the identified closest docking station; 
and 

instructing the second UAV to follow the third flight path. 

15 

20 

16 
19. The method of claim 18, wherein identifying a closest 

docking station from the current position of the first UAV 
further comprises identifying the closest unoccupied docking 
station. 

20. The method of claim 18, further comprising: 
receiving a communication from the first UAV at a first 

docking station; and 
transmitting the communication from the first docking sta

tion to the central control. 
21. The method of claim 18, wherein each of the one or 

more weather stations is located on a docking station. 
22. The method of claim 18, further comprising: 
measuring a weight, a size, or both ofthe package; and 
calculating the maximum flying range for the first UAV 

based on the measured weight, size, or both ofthe pack
age; 

wherein the first flight path comprises two or more seg
ments and one or more stops at one or more docking 
stations between the central facility and the final desti
nation; and 

wherein a distance for each segment of the one or more 
segments is equal to or shorter than the calculated maxi
mum flying range for the first UAV. 

* * * * * 
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