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FIG. 1

(57) Abstract: A container includes a transportation section and a drone section. The drone section has a drone place holder and a
door. The drone place holder is accessible when the door is in an open position. The container includes a processor that is programmed
to actuate the door to the open position, actuate a drone, fittable in the drone place holder, to fly out of the container, and actuate the
drone to transport the container to a destination.
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DRONE-BASED GOODS TRANSPORTATION

BACKGROUND

[0001] Many aspects of industry and commerce is dependent on the delivery and

pick-up of goods. As one example, at a construction site, a construction worker may

pick up tools from, e.g., a tools truck, and carry the tools to a respective working

location. After finishing a work procedure using the tools and/or after end of a

working day, the worker may need to return the tools to the truck. For example, in

a large construction site, this may be very time consuming. In another example, a

user intending to ship an item, may need to package the item and request a pickup,

e.g., via an online request submitted though a website of a shipping company, a

phone call to a hotline, etc. There remains an opportunity to improve a delivery

and/or pickup of shipping items.

BRIEF DESCRIPTION OF THE DRAWINGS

[0002] Figure 1 is a diagram showing a vehicle and multiple containers stored

in the vehicle.

[0003] Figure 2A shows one of the containers of Figure 1 with a door of the

container in a closed position and a drone disposed in the container.

[0004] Figure 2B shows the door in an open position and the drone flying out of

the container.

[0005] Figure 2C shows the container with the door in the closed position and

the drone carrying the container.

[0006] Figure 2D shows the container with a transportation section in an open

position.

[0007] Figure 3 is a flowchart of an exemplary process for a vehicle to control

the containers.

[0008] Figures 4A-4B are a flowchart of an exemplary process for a container

receiving control commands from the vehicle.



DETAILED DESCRIPTION

INTRODUCTION

[0009] With reference to the Figures, wherein like numerals indicate like parts

throughout the several views, a transportation container includes a transportation

section and a drone section. The drone section includes a drone place holder and a

door. The drone place holder is accessible when the door is in an open position. The

drone is fittable in the drone place holder, and a processor is programmed to actuate

the door to the open position and actuate a drone to fly out of the container. The

processor is programmed to actuate the drone to transport the container to a

destination.

[0010] The processor of the container may be programmed to transport the

container to the destination by actuating a drone hook to mechanically couple the

drone and the container.

[0011] The container may further include a retractable mechanical coupling

having a first end attached to the drone place holder and a second end mountable to

the drone.

[0012] The container may further include a load measuring sensor, wherein the

processor is further programmed to determine whether the transportation section is

in a loaded state or in an empty state based at least on data received from the load

measuring sensor.

[0013] The processor of the container may be programmed to determine whether

the transportation section is overloaded by determining a weight based on data

received from the load measuring sensor, and determining whether the determined

weight exceeds a predetermined weight threshold.

[0014] The processor of the container may be programmed to prevent a

transportation of the container by the drone upon determining that the transportation

section is overloaded.

[0015] The container may include a rechargeable battery and an inductive

charging circuit electrically coupled to the rechargeable battery.

[0016] The container may include an electromechanical actuator mechanically

coupled to the door, and the processor is further programmed to actuate the door to

the open position by actuating the electromechanical actuator.



[0017] The container may include a top and a bottom, wherein the transportation

section is disposed between the bottom and the drone section, and the drone section

is disposed between the top and the transportation section, the door is mounted to

the top.

[0018] The drone section of the container may be movable relative to the

transportation section.

[0019] The drone section of the container may be pivotably coupled to the

transportation section.

[0020] Also disclosed herein is a system comprising a storage apparatus,

multiple containers fittable in the storage apparatus, and a processor that is

programmed to select one of the containers, and actuate a drone disposed inside the

selected container to transport the selected container from the storage apparatus to

a destination.

[0021] The storage apparatus of the system may include a charging port, and the

processor may be further programmed to activate the charging port to charge at least

one of the containers.

[0022] The storage apparatus of the system may include at least one of a trailer

mountable to a truck and a storage area of a vehicle.

[0023] The containers of the system may be stackable on top of one another to

form a stack.

[0024] The processor of the system may be programmed to select the container

upon determining that the container is at a top of the stack of the containers in the

storage apparatus.

[0025] The processor of the system may be programmed to actuate a second

drone, fittable in a drone section of a second container outside the storage apparatus,

to pick up the second container and transport the second container to the storage

apparatus.

[0026] The processor of the system may be programmed to actuate the second

drone to pick up the second container upon determining that a weight of the second

container is less than a weight threshold.

[0027] The processor of the system may be programmed to prevent a pickup of

the second container upon determining that the second container is overloaded.



[0028] Also disclosed herein is a method comprising charging a battery included

in a container placed in a storage apparatus, actuating a door of the container to

open, actuating a drone, fittable inside the container and mechanically mountable

to the container, to fly, and navigate the drone to a destination.

EXEMPLARY SYSTEM ELEMENTS

[0029] Figure 1 illustrates a vehicle 100. The vehicle 100 may be powered in a

variety of known ways, e.g., with an electric motor and/or internal combustion

engine. Although illustrated as a truck, the vehicle 100 may be any automobile such

as a car, a truck, a sport utility vehicle, a crossover vehicle, a van, a minivan, etc.

The vehicle 100 may include a computer 105, actuator(s) 110, sensor(s) 115, and a

human machine interface (HMI 120). In some examples, as discussed below, the

vehicle is an autonomous vehicle configured to operate in an autonomous (e.g.,

driverless) mode, a partially autonomous mode, and/or a non-autonomous mode.

[0030] The computer 105 includes a processor and a memory such as are known.

The memory includes one or more forms of computer-readable media, and stores

instructions executable by the computer 105 for performing various operations,

including as disclosed herein.

[0031] The computer 105 may operate the vehicle 100 in an autonomous mode,

a semi-autonomous mode, or a non-autonomous mode. For purposes of this

disclosure, an autonomous mode is defined as one in which each of vehicle

propulsion, braking, and steering are controlled by the computer 105; in a

semi-autonomous mode the computer controls one or two of vehicles propulsion,

braking, and steering; in a non-autonomous mode, a human operator controls the

vehicle propulsion, braking, and steering.

[0032] The computer 105 may include programming to operate one or more

systems of the vehicle 100, e.g., land vehicle brakes, propulsion (e.g., control of

acceleration in the vehicle 100 by controlling one or more of an internal combustion

engine, electric motor, hybrid engine, etc.), steering, climate control, interior and/or

exterior lights, etc., as well as to determine whether and when the computer 105, as

opposed to a human operator, is to control such operations. Additionally, the



computer 105 may be programmed to determine whether and when a human

operator is to control such operations.

[0033] The computer 105 may include or be communicatively coupled to, e.g.,

via a communications bus of the vehicle 100 as described further below, more than

one processor, e.g., controllers or the like included in the vehicle 100 for monitoring

and/or controlling various controllers of the vehicle 100, e.g., a powertrain

controller, a brake controller, a steering controller, etc. The computer 105 is

generally arranged for communications on a communication network of the

vehicle 100, which can include a bus in the vehicle 100 such as a controller area

network (CAN) or the like, and/or other wired and/or wireless mechanisms.

[0034] Via the communication network of the vehicle 100, the computer 105

may transmit messages to various devices in the vehicle 100 and/or receive

messages from the various devices, e.g., an actuator 110, an HMI 120, etc.

Alternatively or additionally, in cases where the computer 105 actually comprises

multiple devices, the vehicle communication network may be used for

communications between devices represented as the computer 105 in this

disclosure.

[0035] The actuators 110 of the vehicle 100 are implemented via circuits, chips,

or other electronic and/or mechanical components that can actuate various vehicle

subsystems in accordance with appropriate control signals, as is known. The

actuators 110 may be used to control vehicle systems such as braking, acceleration,

and/or steering of the vehicles 100.

[0036] The sensors 115 of the vehicle 100 may include a variety of devices

known to provide data via the vehicle 100 communications bus. For example, the

sensors 115 may include one or more camera, radar, infrared, and/or Light

Detection And Ranging (LIDAR) sensors 115 disposed in the vehicle 100 and/or

on the vehicle 100 providing data encompassing at least some of the vehicle

exterior. The data may be received by the computer 105 through a suitable interface

such as in known. A LIDAR sensor 115 disposed, e.g., on a top of the vehicle 100,

may provide object data including relative locations, sizes, and shapes of objects

such as other vehicles surrounding the vehicle 100. The computer 105 may receive

the object data and operate the vehicle 100 in an autonomous and/or



semi-autonomous mode based at least in part on the received object data.

[0037] The HMI 120 may be configured to receive user input, e.g., during

operation of the vehicle 100. For example, a user may select a mode of operation,

e.g., an autonomous mode, by inputting a requested mode of operation via the

HMI 120. Moreover, an HMI 120 may be configured to present information to the

user. Thus, the HMI 120 may be located in a passenger compartment of the

vehicle 100.

[0038] The vehicle 100 may include a Global Positioning System (GPS)

sensor 115 configured to determine coordinates of a current location of the

vehicle 100. The computer 105 may be programed, using known navigation

techniques, to identify a route from the current location to a selected destination, as

well as display a map and present driving directions to the selected destination via,

e.g., the HMI 120.

[0039] In addition, the computer 105 may be configured for communicating

through a vehicle-to-infrastructure (V-to-I) interface with other vehicles,

drones 155, and/or a remote computer 190 via a network 195. The network 195

represents one or more mechanisms by which the computer 105 and the remote

computer 190 may communicate with each other, and may be one or more of

various wired or wireless communication mechanisms, including any desired

combination of wired (e.g., cable and fiber) and/or wireless (e.g., cellular, wireless,

satellite, microwave and radio frequency) communication mechanisms and any

desired network topology (or topologies when multiple communication

mechanisms are utilized). Exemplary communication networks include wireless

communication networks (e.g., using one or more of cellular, Bluetooth,

IEEE 802.il, etc.), dedicated short range communications (DSRC), local area

networks (LAN) and/or wide area networks (WAN), including the Internet,

providing data communication services.

[0040] The drone 155 is an unmanned aerial vehicle and includes a number of

circuits, chips, or other electronic and/or electromechanical components that can

control various operations of the drone 155. For instance, the drone 155 may

propellers and propeller actuators 165 and fly in accordance with control signals

output to the propeller actuators 165. The drone 155 may be outfitted with a



navigation system so that the drone 155 can fly to, and hover at, a particular

location. The drone 155 may be deployed to, e.g., hover over a container 140, as

discussed below. Additionally, the drone 155 may land based on a received landing

request. For example, the vehicle computer 105 may actuate the drone 155 propeller

actuators 165 to land in a designated area, e.g., a delivery address associated with a

shipping item 150.

[0041] The drone 155 may include one or more camera sensors 170 that can

capture images of an area near the drone 155. The drone 155 may have a housing.

The camera sensors 170 may be mounted on the housing, and the drone 155 may

include lights mounted to the housing. The drone 155 may be programmed to turn

on the camera sensors 170 to capture images of an area below the drone 155. Thus,

when hovering over the vehicle 100, the camera sensor 170 may capture images of

the vehicle 100 and possibly the area around the vehicle 100. Additionally or

alternatively, the drone 155 may include other types of object detecting sensors 170

such as radar, LIDAR, etc.

[0042] The drone 155 may include a GPS sensor 170 that provides GPS location

coordinates of the drone 155, e.g., to the vehicle computer 105, the drone

computer 160, etc. For example, the drone computer 160 may navigate the

drone 155 based on the received GPS location coordinates.

[0043] As set forth above, the drone 155 may include one or more lights. A

computer 105, for example, may be programmed to activate the drone 155 light to

illuminate, e.g., an area surrounding the drone 155.

[0044] The drone computer 160, computers 105 in vehicles 100, computers 220

in the containers 140, etc. may communicate with one another and with a remote

computer 190 via a network 195 that includes one or more telecommunication

protocols, e.g., cellular technologies such as 3G, 4G, Long-Term Evolution (LTE),

etc., Bluetooth®, Bluetooth Low Energy®, WiFi, etc.

[0045] The vehicle 100 may include a storage apparatus 125 for storing and/or

transporting one or more containers 140. The transportation apparatus may include

a storage area of a truck, as shown in Figure 1. Additionally or alternatively, the

transportation apparatus may include a trailer that is mechanically mountable to a

truck, a flatbed truck, a tool inventory in a construction site, a refrigerated trailer, a



train cargo car, etc. The containers 140 may be disposed on a floor 130 of the storage

apparatus 125 next to one another. Additionally or alternatively, the containers 140

may be stackable on top of one another to form a stack, e.g., a container 145a is

placed on top of another container 140.

[0046] The storage apparatus 125 may include one or more charging ports 135,

e.g., to recharge batteries 225 included in the containers 140 (as discussed with

reference to Figures 2A-2D). The computer 105 may be programmed to activate the

charging port 135 to charge at least one of the containers 140. For example, the

batteries may be charged wirelessly using known inductive charging techniques.

The charging port 135 may include an inductive charging circuit that supports

inductive charging, and is connected to a power source, e.g. a vehicle battery. The

computer 105 may be programmed to control a flow of electrical energy that is

transferred from the power source to the containers 140. In one example, the

computer 105 may be programmed to determine a charging status of the

containers 140 disposed in the storage apparatus 125, e.g., based on data received

via a wireless communication with the containers 140, and adjust the charging

port 135 in accordance to the charging status of the containers 140. For example,

the computer 105 may be programmed to shut of the charging port 135 based on

charging status of the containers 140. The storage apparatus 125 may include one

or more load measuring sensor 115, e.g., mounted underneath the floor 130. The

computer 105 may be programmed to determine whether a container 140 is present

in an area of the floor 130 based on weight data received from the load measuring

sensors 115.

[0047] Referring to Figures 2A-2D, the container 140 may include a

transportation section 145, a drone section 180 with a drone place holder 255 and a

door 185. The drone place holder 255 is accessible when the door 185 is in an open

position (see Figure 2B). The container 140 may include a container computer 220

that is programmed to actuate the door 185 to the open position. The container 140

computer 220 may be programmed to actuate a drone 155 that is fittable in the drone

place holder 255, to fly out of the container 140. The container computer 220 may

then actuate the drone 155 to transport the container 140 to a destination. The



destination may include location coordinates of a porch of a house, a working

location in a construction site, etc.

[0048] The container 140 may have a solid shape such as rectangular, circular,

etc. The container 140 may have various sizes, e.g., small, medium, and large, that

may be suitable for various types of goods. The container 140 may have a top 205

and a bottom 210. The transportation section 145 may be disposed between the

bottom 210 and the drone section 180. The drone section 180 may be disposed

between the top 205 and the transportation section 145, i.e., above the transportation

section 145, as shown in Figures 2A-2C. Alternatively, although not shown in

Figures, the drone section 180 and the transportation section 145 may be disposed

next to one another, e.g., both touching the top 205 and the bottom 210.

[0049] The drone 155 may be fittable in the drone place holder 255, as shown in

Figure 2A. The drone place holder 255 may have a flat surface so that the drone 155

can take off, i.e., fly, from the drone place holder 255. Additionally or alternatively,

the drone place holder 255 may have any other shape so as that the drone 155 is

fittable in the drone place holder 255. As stated above, the containers 140 may have

various sizes. A large container 140 may hold larger and/or heavier goods compared

to a small container 140. Thus, various types of drones 155 may be associated with

various types of containers 140. For example, a small drone 155 may be fittable in

the drone place holder 255 of a small container 140, whereas, a larger more

powerful drone 155 may be fittable in a drone place holder 255 of a large

container 140.

[0050] The container 140 may include one or more batteries that provide

electrical energy for an operation of electrical components, e.g., the container

computer 220, included in the container 140. In one example, the batteries(s) may

be disposed inside the drone section 180. The batteries may be recharged, e.g., when

the container 140 is stored in the storage apparatus 125, e.g., via an inductive

coupling of the charging port 135 of the storage apparatus 125 and a charging

interface 240 of the container 140. Additionally, the container batteries 225 may

provide electrical energy to recharge a battery of the drone 155, e.g., when the

drone 155 is disposed in the drone place holder 255. For example, the container



computer 220 may actuate a charging circuit included in the container 140 to

recharge the drone 155 battery, e.g., using known inductive charging techniques.

[0051] The container 140 may include various sensors such as a GPS sensor to

identify current location coordinates of the container 140, a load measuring

sensor 235 such as a strain gauge to determine a weight of the container 140, a

proximity sensor to determine whether the container 140 door 185 is open or closed,

a temperature sensor to determine a temperature inside the transportation

section 145, etc. The container computer 220 may be programmed to receive

information from the sensors. For example, the container computer 220 may be

programmed to determine whether the transportation section 145 is in a loaded state,

e.g., a shipping item 150 is placed on a surface 230 in the transportation section 145,

or in an empty state based at least on data received from the load measuring

sensor 235. The load measuring sensor 235 may be disposed at the bottom 210 of

the container 140. Thus, the container computer 220 may be programmed to

determine whether the transportation section 145 is empty based on information

such as a weight of an empty container 140 with and without the drone 155, and

information including whether the drone 155 is disposed in the drone place

holder 255.

[0052] The container 140 may include a wireless communication interface 245

to communicate with, e.g., the drone 155, the computer 105 of vehicle 100, a remote

computer 190, etc., via the wireless communication network 195. For example, the

container computer 220 may be programmed to receive location coordinates of a

destination associated with the container 140, from the computer 105 of the vehicle,

via the wireless communication interface 245. In another example, the container

computer 220 may be programmed to transmit, via the wireless communication

interface 245, current location coordinates of the container 140 to the computer 105

of the vehicle 100, current charging status of the batteries of the container 140, etc.

[0053] The container 140 may include an electromechanical actuator 215, e.g.,

a solenoid, mechanically coupled to the door 185, to open and/or close the door 185.

The container computer 220 may be programmed to actuate the door 185 to move

from a closed position (see Figure 2A) to an open position (see Figure 2B) by

actuating the electromechanical actuator 215. Additionally or alternatively, the



container computer 220 may be programmed to actuate the door 185 to move from

the open position to the closed position.

[0054] As shown in Figure 2C, the container computer 220 may be programmed

to transport the container 140 to a destination by actuating a drone hook 175 to

mechanically couple the drone 155 and lift the container 140. As another example,

the drone 155 may include a retractable mechanical coupling, e.g., a rope, having a

first end mountable to the drone place holder 255, e.g., via a loop, and a second end

mountable to the drone 155. The container computer 220 may actuate the door 185

to open, actuate the drone 155 to fly out of the drone section 180, actuate the drone

hook 175 to mechanically connect the drone 155 and the container 140, and navigate

the drone 155 to transport the container 140 to a predetermined destination.

[0055] The container computer 220 may be programmed to prevent a

transportation of the container 140 by the drone 155 upon determining that the

transportation section 145 is overloaded. The container computer 220 may be

programmed to determine whether the transportation section 145 is overloaded by

determining a weight based on data received from the load measuring sensor 235,

and determining whether the determined weight exceeds a predetermined weight

threshold. For example, a weight limit of, e.g., 1 kilogram (kg), may be specified

for shipping item 150(s) in a small-size container 140. The containers computer 220

may be programmed to determine the weight of the shipping item 150(s) based at

least in part on data received from the load measuring sensor 235 and determine

that the transportation section 145 is overloaded when the determined weight of the

shipping item 150(s) exceeds the weight limit associated with the container 140.

The container computer 220 may prevent a transportation of the container 140 by,

e.g., preventing a deployment of the drone 155 to transport the container 140,

transmitting data including an identifier of the container 140, e.g., a bar code, and

data indicating that the container 140 is overloaded. Additionally or alternatively,

the container computer 220 may be programmed to transmit data indicating a

suitable container size for the shipping item 150. For example, the container

computer 220 may determine that a medium size container 140 is suitable for

transporting the shipping item 150 and transmit information indicating that a

medium size container 140 may be used instead of the small container 140.



[0056] As shown in Figure 2D, the drone section 180 may be movable relative

to the transportation section 145. For example, the drone section 180 may be

pivotably coupled to the transportation section 145, e.g., via a hinge 260, and form

an opening 265. Additionally or alternatively, the drone section 180 may be

slideably coupled to the transportation section 145. In one example, a user may

move the drone section 180 relative to the transportation section 145 in order to

remove, via the opening 265, a delivered shipping item 150 from the transportation

section 145 and/or place a shipped item 150 for pickup in the transportation

section 145. Additionally or alternatively, the transportation section 145 may

include a side door or any other opening that provides access for removing and/or

placing the shipping item 150.

[0057] In one example, a system may include the storage apparatus 125, multiple

containers 140 fittable in the storage apparatus 125, and a computer 105 of the

vehicle 100. The computer 105 may be programmed to select one of the

containers 140 and actuate a drone 155 disposed inside the selected container 140

to transport the selected container 140 from the storage apparatus 125 to a

destination. A drone 155 may be blocked within a drone place holder 255 of a

container 140, when another container 140 is placed on top of the respective

container 140. Thus, the computer 105 may be further programmed to select the

container 140 upon determining that the container 140 is at a top of a stack of the

containers 140 in the storage apparatus 125. Additionally or alternatively, the

computer 105 may be programmed to prevent a transportation of the container 140

by the drone 155 upon determining that a space between the top 205 of the

container 140 and a ceiling of the storage apparatus 125 is less than a threshold

distance, e.g., 1 meter. In other words, the computer 105 may be programmed to

ensure that the drone can fly out of the container and transport the container without

hitting an obstacle such as a ceiling above the container.

[0058] The computer 105 may be programmed to pick up containers 140 outside

the storage apparatus 125, e.g., from a work station, a porch of a house, etc., and

transport the picked up containers 140 to the storage apparatus 125, e.g., in a storage

area of a truck vehicle 100. For example, the computer 105 may be programmed to

actuate a drone 155 to pick up a container 140 outside the storage apparatus 125



and transport the container 140 to the storage apparatus 125, e.g., to return a

previously delivered shipping item 150 to a retailer. The computer 105 may be

programmed to determine a location inside the storage apparatus 125, e.g., based

on information received from the computer 105 of the vehicle 100. The

computer 105 may then actuate the drone 155 to land in the determined landing

location. In another example, a container 140 that delivered a shipping item 150 to

a destination may be transported back to the storage apparatus 125 upon

determining that the container 140 is empty, e.g., the user takes out the delivered

shipping item 150. Thus, the computer 105 may be programmed to actuate the

drone 155 to pick up the container upon determining that the container is empty,

e.g., determining based on information received from the load measuring sensor

that a weight of the container is less than a weight threshold. Additionally or

alternatively, the computer may be programmed to prevent a pickup of the container

upon determining that the container is overloaded (as discussed above). The

computer may be programmed to transmit a message to, e.g., the remote computer,

including information stating that the weight of the item placed in the transportation

section exceeds the predetermined weight threshold. Additionally, the computer

may be programmed to actuate the door of the container to open, actuate the drone

to land in the drone place holder, and actuate the door to close. Additionally, the

computer may be programmed to actuate the drone hook to detach from the

container.

[0059] The container may include a temperature control unit to, e.g., refrigerate

a perishable shipping item. The container computer 220 may be programmed to

actuate the temperature control unit 250 to maintain a threshold temperature, e.g.,

based on temperature data received from the temperature sensor of the

container 140, a threshold temperature associated with the shipping item 150, etc.

In on example, the container computer 220 may receive the threshold temperature

from a remote computer 190, e.g., a computer of a manufacturer/producer of the

shipping item 150.



PROCESSING

[0060] Figure 3 illustrates an example process 300 for controlling containers 140

by providing instructions to container computers 220. In one example, the

computer 105 of the vehicle 100 may be programmed to execute blocks of the

example process 300. In another example, a computer associated with a storage

apparatus 125, e.g., a tool inventory in a construction site, may be programmed to

execute the blocks of the example process 300.

[0061] The process 300 begins in a block 305, in which the computer 105

receives data, e.g., from the remote computer 190, including pick up and/or delivery

information. In one example, the received information may include an identifier of

a container 140 in the storage apparatus 125, location of the container 140 in the

storage apparatus 125, and location coordinates of a destination of the

container 140. In another example, the received information may include location

coordinates of a container 140 for pickup and transport back to the storage

apparatus 125. The container 140 for pickup may be an empty container 140, e.g.,

a user removed the delivered shipping item 150 from the delivered container 140,

or a loaded container 140 including an item 150 a user places in the transportation

section 145 in order to be picked up.

[0062] Next, in a decision block 310, the computer 105 determines whether a

delivery of a container 140 from the storage apparatus 125 to a destination is

needed, e.g., based on the received data. For example, the computer 105 may

determine that a delivery is needed based on current location coordinates of the

storage apparatus 125, current location coordinates of the container 140, location

coordinates of a destination associated with the container 140. If the computer 105

determines that a delivery is needed, then the process 300 proceeds to a block 315;

otherwise the process 300 proceeds to a decision block 335.

[0063] In the block 315, the computer 105 selects a container 140 for delivery.

For example, the computer 105 may select a container 140 on top of a stack of

containers 140 for delivery because the containers 140 underneath are blocked (a

drone 155 may not be able to fly out of blocked containers 140). In another example,

the compute may select a container 140 for delivery that has a shortest distance



between the storage apparatus 125 and a destination associated with the

container 140.

[0064] Next, in a block 320, the computer 105 transmits instruction to the

selected container 140, i.e., a container computer 220 of the selected container 140,

for delivery. The computer 105 may transmit instructions specifically to the selected

container 140 based on an identifier, e.g., a bar code, of the selected container 140.

The instruction may include location coordinates of a destination of the

container 140, etc.

[0065] Next, in a decision block 325, the computer 105 determines, based on

information received from the container computer 220, whether the container 140

is overloaded. For example, the computer 105 receives data indicating that the

container 140 is overloaded via a wireless communication between the

computer 105 and the container computer 220. If the computer 105 determines that

the container 140 is overloaded, then the process 300 proceeds to a block 330;

otherwise the process 300 proceeds to a decision block 350.

[0066] In the block 330, the computer 105 transmits a message to, e.g., the

HMI 120 of the vehicle 100. In one example, upon receiving the message from the

computer 105, e.g., on the HMI 120 of the vehicle 100, an operator, a robot, etc.,

may transport the overloaded container 140 to the destination. Following the

block 330, the process 300 ends.

[0067] In the decision block 335, the computer 105 determines whether a pickup

of a shipping item 150 placed in a transportation section 145 of a container 140 is

needed. For example, a user may want to return a purchased item 150 to a retailer

of the shipping item 150. The computer 105 may have received information

including the pickup location coordinates. If the computer 105 determines that the

pickup of the shipping item 150 is needed, then the process 300 proceeds to a

block 340; otherwise the process 300 proceeds to a block 345.

[0068] In the block 340, the computer 105 transmits an instruction for pickup of

the shipping item 150. The instruction may include a destination of the

container 140, i.e., location coordinates of the storage apparatus 125, an expected

weight of the shipping item 150, etc. The instruction may be transmitted via the

wireless communication network 195.



[0069] In the block 345, the computer 105 transmits an instruction for pickup of

the empty container 140. The instruction may be transmitted via the wireless

communication network 195. The instruction may include location coordinates of a

destination, e.g., the storage apparatus 125.

[0070] In the decision block 350, the computer 105 determines whether the

container 140 arrived at the destination. The destination for pickup may be a

location inside the storage apparatus 125. In one example, locations inside the

storage apparatus 125 may be divided to zones, stacks, etc. that are identified by

numbers. The drone 155 may be programmed to determine a location inside the

storage apparatus 125, e.g., based on sensor data such as LIDAR data received from

drone 155 sensors 170. The destination for delivery may include the location

coordinates associated with the delivered container 140. If the computer 105

determines that the container 140 arrived at the destination, then the process 300

ends; otherwise the process 300 returns to the decision block 350, or, returns to the

decision block 305, although not shown in the process 300.

[0071] Figures 4A-4B illustrate an example process 400 for a container 140

receiving instructions from a computer 105, e.g., the computer 105 of the

vehicle 100, the remote computer 190, etc. In one example, a container

computer 220 may be programmed to execute blocks of the example process 400.

[0072] The process 400 begins in a decision block 405, in which the container

computer 220 determines whether an instruction is received, e.g., from the

computer 105 of the vehicle 100. For example, an instruction may include an

instruction to deliver an item 150, pickup an item 150, or pickup an empty

container 140. If the computer 105 determines that an instruction is received, then

the process 400 proceeds to a decision block 410; otherwise the process 400 returns

to the decision block 405.

[0073] In the decision block 410, the container computer 220 determines

whether the received instruction includes an instruction to deliver, e.g., from the

storage apparatus 125 to a user address. If the container computer 220 determines

that an instruction for delivery is received, then the process 400 proceeds to a

decision block 415; otherwise the process 400 proceeds to a decision block 425.



[0074] In the decision block 415, the container computer 220 determines

whether the container 140 is overloaded. In one example, the container

computer 220 determines whether a weight of the container 140, e.g., based on data

received from a load measuring sensor 235 of the container 140, exceeds a weight

threshold associated with the container 140, e.g., based on a size of the

container 140. If the container computer 220 determines that the container 140 is

overloaded, then the process 400 proceeds to a block 420; otherwise the process 400

proceeds to a block 445 (see Figure 4B).

[0075] In the decision block 425, the container computer 220 determines

whether the received instruction includes an instruction to pick up a shipping

item 150 stored in a container 140. If the container computer 220 determines that

the received instruction includes an instruction to pick up a shipping item 150 is

received, then the process 400 proceeds to a decision block 430; otherwise the

process 400 proceeds to a decision block 440.

[0076] In the decision block 430, the container computer 220 determines

whether the shipping item 150 is placed in the container 140, e.g., the transportation

container 140 is loaded based on weight information received from a load

measuring sensor 235 of the container 140. Additionally, the container

computer 220 may determine whether the transportation section 145 of the

container 140 is in the closed position. For example, the container computer 220

may determine whether the transportation section 145 is in the closed position based

on data received from sensors included in the container 140, e.g., a sensor mounted

to the hinge 260 that pivotably couples the transportation section 145 and the drone

section 180. If the container computer 220 determines that the container 140 a

shipping item 150 is placed in the container 140, then the process 400 proceeds to

a decision block 435; otherwise the process 400 returns to the decision block 430.

[0077] In the decision block 435, the container computer 220 determines

whether the container 140 is overloaded, e.g., based on weight data received from

the load measuring sensor 235 of the container 140. Additionally, if the container

computer 220 determines that the container 140 is overloaded, the container

computer 220 may cause as an action, e.g., actuate an actuator 215 of the

container 140 to beep, transmit a message to a user device, e.g., a mobile phone,



etc. If the container computer 220 determines that the container 140 is overloaded,

then the process 400 returns to the decision block 435; otherwise the process 400

proceeds to the block 445 (see Figure 4B).

[0078] In the decision block 440, the container computer 220 determines

whether the transportation section 145 of the container 140 is empty. The decision

block 440 may be reached when the received instruction does neither include an

instruction for delivery nor an instruction for pickup an item 150. Thus, the received

instruction may be an instruction to transport the empty container 140 to, e.g., the

storage apparatus 125. The container computer 220 may determine whether the

container 140 is empty, e.g., based on data received from the load measuring

sensor 235 of the container 140. Additionally, the container computer 220 may

determine whether the transportation section 145 of the container 140 is in the

closed position, e.g., based on data received from a sensor mounted to the hinge 260

that mechanically couples the transportation and drone section 180. If the container

computer 220 determines that the container 140 is empty and the transportation

section 145 is in the closed position, then the process 400 proceeds to the block 445.

[0079] Turning to Figure 4B, in the block 445, the container computer 220

actuates the door 185 of the drone section 180 to open, e.g., by actuating the

electromechanical actuator 215 of the container 140.

[0080] Next, in a block 450, the container computer 220 actuates the drone 155

in the drone section 180 of the container 140 to fly out of the container 140. The

container computer 220 may actuate the drone 155 to hover above the container 140

in a predetermined height, e.g., 50cm above the top 205 of the container 140.

[0081] Next, in a block 455, the container computer 220 actuates the door 185

to close, e.g., by actuating the electromechanical actuator 215.

[0082] Next, in a block 460, the container computer 220 actuates the drone 155

to attach the hook to the container 140. For example, the drone hook 175 may

mechanically couple the drone 155 and the container 140.

[0083] Next, in a block 465 , the container computer 220 navigates the drone 155

to transport the container 140 to a destination. The container computer 220 may be

programmed to navigate the drone 155 based on the location coordinates of the

destination, map data, data received from drone 155 sensors 170, etc. Additionally



or alternatively, the container 140 may locate a destination such as a porch of a

house based on data received from a wireless transmitter placed at the destination.

[0084] Next, in a block 470, the container computer 220 actuates the drone 155

to place the container 140 at the associated destination. For example, the received

instruction may include a specific stack of containers 140 as the destination within

the storage apparatus 125.

[0085] Next, in a block 475, the container computer 220 actuates the drone

hook 175 to decouple (unhook) the container 140. Thus, the drone 155 and the

container 140 may become mechanically decoupled. In one example, the drone 155

hovers above the container 140 during decoupling of the drone 155 and the

container 140.

[0086] Next, in a block 480, the container computer 220 actuates the drone 155

to land in the drone section 180 of the container 140. For example, the drone 155

may vertically move downward to enter the drone section 180 and land in the drone

place holder 255. The drone 155 may determine a completed landing based on data

received from drone 155 sensors 170 and/or sensors of the container 140, and

deactivates the drone 155 propeller actuators 165.

[0087] Next, in a block 485, the container computer 220 actuates the door 185

to close, e.g., by actuating the electromechanical actuator 215 of the container 140.

[0088] Following the block 485, the process 400 ends.

[0089] The article "a" modifying a noun should be understood as meaning one

or more unless stated otherwise, or context requires otherwise. The phrase "based

on" encompasses being partly or entirely based on.

[0090] Computing devices as discussed herein generally each include

instructions executable by one or more computing devices such as those identified

above, and for carrying out blocks or steps of processes described above.

Computer-executable instructions may be compiled or interpreted from computer

programs created using a variety of programming languages and/or technologies,

including, without limitation, and either alone or in combination, Java™, C, C++,

Visual Basic, Java Script, Perl, HTML, etc. In general, a processor (e.g., a

microprocessor) receives instructions, e.g., from a memory, a computer-readable

medium, etc., and executes these instructions, thereby performing one or more



processes, including one or more of the processes described herein. Such

instructions and other data may be stored and transmitted using a variety of

computer-readable media. A file in the computing device is generally a collection

of data stored on a computer readable medium, such as a storage medium, a random

access memory, etc.

[0091] A computer-readable medium includes any medium that participates in

providing data (e.g., instructions), which may be read by a computer. Such a

medium may take many forms, including, but not limited to, non-volatile media,

volatile media, etc. Non-volatile media include, for example, optical or magnetic

disks and other persistent memory. Volatile media include dynamic random access

memory (DRAM), which typically constitutes a main memory. Common forms of

computer-readable media include, for example, a floppy disk, a flexible disk, hard

disk, magnetic tape, any other magnetic medium, a CD-ROM, DVD, any other

optical medium, punch cards, paper tape, any other physical medium with patterns

of holes, a RAM, a PROM, an EPROM, a FLASH, an EEPROM, any other memory

chip or cartridge, or any other medium from which a computer can read.

[0092] With regard to the media, processes, systems, methods, etc. described

herein, it should be understood that, although the steps of such processes, etc. have

been described as occurring according to a certain ordered sequence, such processes

could be practiced with the described steps performed in an order other than the

order described herein. It further should be understood that certain steps could be

performed simultaneously, that other steps could be added, or that certain steps

described herein could be omitted. In other words, the descriptions of systems

and/or processes herein are provided for the purpose of illustrating certain

embodiments, and should in no way be construed so as to limit the disclosed subject

matter.

[0093] Accordingly, it is to be understood that the present disclosure, including

the above description and the accompanying figures and below claims, is intended

to be illustrative and not restrictive. Many embodiments and applications other than

the examples provided would be apparent to those of skill in the art upon reading

the above description. The scope of the invention should be determined, not with

reference to the above description, but should instead be determined with reference



to claims appended hereto and/or included in a non-provisional patent application

based hereon, along with the full scope of equivalents to which such claims are

entitled. It is anticipated and intended that future developments will occur in the

arts discussed herein, and that the disclosed systems and methods will be

incorporated into such future embodiments. In sum, it should be understood that

the disclosed subject matter is capable of modification and variation.



CLAIMS

What is claimed is:

1. A container, comprising:

a transportation section;

a drone section having a drone place holder and a door, wherein the drone

place holder is accessible when the door is in an open position; and

a processor, programmed to:

actuate the door to the open position;

actuate a drone, fittable in the drone place holder, to fly out of the

container; and actuate the drone to transport the container to a

destination.

2. The container of claim 1, wherein the processor is further programmed to

transport the container to the destination by actuating a drone hook to

mechanically couple the drone and the container.

3. The container of claim 1, wherein the container further includes a

retractable mechanical coupling having a first end attached to the drone

place holder and a second end mountable to the drone.

4. The container of claim 1, further comprising a load measuring sensor,

wherein the processor is further programmed to determine whether the

transportation section is in a loaded state or in an empty state based at least

on data received from the load measuring sensor.

5. The container of claim 4, wherein the processor is further programmed to

determine whether the transportation section is overloaded by determining

a weight based on data received from the load measuring sensor, and

determining whether the determined weight exceeds a predetermined

weight threshold.



6. The container of claim 1, wherein the processor is further programmed to

prevent a transportation of the container by the drone upon determining

that the transportation section is overloaded.

7. The container of claim 1, further comprising a rechargeable battery and an

inductive charging circuit electrically coupled to the rechargeable battery.

8. The container of claim 1, further comprising an electromechanical actuator

mechanically coupled to the door, and the processor is further programmed

to actuate the door to the open position by actuating the electromechanical

actuator.

9. The container of claim 1, further comprising a top and a bottom, wherein

the transportation section is disposed between the bottom and the drone

section, and the drone section is disposed between the top and the

transportation section, the door is mounted to the top.

10. The container of claim 1, wherein the drone section is movable relative to

the transportation section.

11. The container of claim 10, wherein the drone section is pivotably coupled

to the transportation section.

12. A system, comprising:

a storage apparatus;

a plurality of containers fittable in the storage apparatus; and

a processor programmed to:

select one of the plurality of containers; and

actuate a drone disposed inside the selected container to transport the

selected container from the storage apparatus to a destination.



13. The system of claim 12, wherein the storage apparatus includes a charging

port, and the processor is further programmed to activate the charging port

to charge at least one of the containers.

14. The system of claim 12, wherein the storage apparatus includes at least

one of a trailer mountable to a truck and a storage area of a vehicle.

15. The system of claim 12, wherein the containers are stackable on top of one

another to form a stack.

16. The system of claim 15, wherein the processor is further programmed to

select the container upon determining that the container is at a top of the

stack of the containers in the storage apparatus.

17. The system of claim 12, wherein the processor is further programmed to

actuate a second drone, fittable in a drone section of a second container

outside the storage apparatus, to pick up the second container and transport

the second container to the storage apparatus.

18. The system of claim 17, wherein the processor is further programmed to

actuate the second drone to pick up the second container upon determining

that a weight of the second container is less than a weight threshold.

19. The system of claim 18, wherein the processor is further programmed to

prevent a pickup of the second container upon determining that the second

container is overloaded.

20. A method, comprising:

charging a battery included in a container placed in a storage apparatus;

actuating a door of the container to open;

actuating a drone, fittable inside the container and mechanically mountable

to the container, to fly; and

navigate the drone to a destination.
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