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FIG. 1

(57) Abstract: The present invention extends to methods, systems, and computer
program products for assigning parking locations to autonomous vehicles. In gener-
al, aspects include detecting and assigning available parking locations within a park-
ing area to autonomous vehicles. The autonomous vehicles can then automatically
travel to assigned parking locations. In one aspect, under pavement loop detectors,
cameras, and vehicle to anything (V2X) technologies combine with cloud connectiv-
ity to provide parking reservations. A parking reservation system can detect empty
parking locations using a fusion of induction loop detections, cameras using neural
networks, and V2X communicating with cloud resources to confirm entries and exits
from parking locations. Upon detecting an autonomous vehicle in or approaching a
parking area, the parking reservation system sends a wireless transmission to the au-
tonomous vehicle. The wireless transmission includes an assigned parking location,
a map of the parking area, and a route to the assigned parking location.
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ASSIGNING PARKING LOCATIONS FORAUTONOMOUS VEHICLES

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] Not applicable.

BACKGROUND

[0002] 1. Field of the Invention

[0003] This invention relates generally to the field of parking space allocation systems, and,
more particularly, to assigning parking locations to autonomous vehicles.

[0004] 2. Related Art

[0005] Parking can be a cumbersome process. In the case of perpendicular parking or angle
parking, it can be difficult to estimate when to turn in to a parking space, if there is going to be
enough room on both sides of the vehicle, how to position the steering wheel such that the
vehicle is equally spaced between the parking lines, and how far to pull into a parking space. In
the case of parallel parking, it can be difficult to know if there is sufficient space to park a
vehicle, when to start turning the steering wheel, and how far to pull into a space before
correcting the steering wheel. These parking maneuvers can be further complicated in the
presence of uneven terrain or in the presence of moving objects such as pedestrians, bicyclists, or
other vehicles.

[0006] Further, many parking lots do not have reservation systems. To find a parking space,
a vehicle navigates a parking lot until an open parking space is located. For parking lots that do
have reservation systems, spaces can be locked too long in advance. In other parking lots, signs
can be used to indicate parking spot availability. However, indicated parking spots can be filled

by other vehicles prior to arrival.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The specific features, aspects and advantages of the present invention will become
better understood with regard to the following description and accompanying drawings where:
[0009] Figure 1 illustrates an example block diagram of a computing device.

[0010] Figure 2 illustrates an example computer architecture that facilitates assigning
parking locations for autonomous vehicles.

[0011] Figure 3 illustrates a flow chart of an example method for assigning parking locations
for autonomous vehicles.

[0012] Figure 4 illustrates an example parking area.
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DETAILED DESCRIPTION

[0013] The present invention extends to methods, systems, and computer program products
for assigning parking locations for autonomous vehicles.

[0014] In general, aspects of the invention can be used for detecting and assigning available
parking locations within a parking area to autonomous vehicles. The autonomous vehicles can
then automatically travel to assigned parking locations. As used herein, a “parking area” includes
any type of area in which one or more vehicles can be parked, such as a parking lot, a parking
garage, a parking structure, a street, an open field, and the like.

[0015] In one aspect, under pavement loop detectors, cameras, and vehicle to anything
(V2X) technologies combine with connectivity to the cloud to provide parking reservations to
autonomous vehicles. A parking reservation system can detect empty parking locations using a
fusion of induction loop detections, cameras using neural networks, and V2X communicating
with cloud resources to confirm entries and exits from parking spaces.

[0016] Upon detecting an autonomous vehicle in or approaching a parking area, the parking
reservation system sends a wireless transmission to the autonomous vehicle. The wireless
transmission includes an assigned parking location in the parking area, an electronic map of the
parking area, and a route to the assigned parking location. The route to each parking location is
stored in the parking reservation system. Reservations can be made at any distance from the
parking area based upon estimated time of arrival. Reservations can include estimated parking
time based on the vehicle event (grocery shopping, dining, etc.), drive history (adaptively learned
attributes from previous parking events), or voice command (natural language processing).
[0017] When a reservation is made, one less parking location is available during that specific

time slot. Specific parking locations need not be reserved. Internal counters can be used to track
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the number of parking locations available at specific time slots. Once a counter for a specific
time slot reaches full capacity, reservations can be stopped. Additional reservation requests can
be placed on a waitlist. The waitlist can be used to account for no-shows or cancellations so that
vehicles on the waitlist can get a parking location. There can also be counters for specific
parking location sizes in addition for specific time slots.

[0018] By not reserving specific parking locations, more optimal reservations can be made.
For example, if an autonomous vehicle leaves early that parking location can then be used for
another autonomous vehicle. So the parking reservation system can assign a parking spot to each
autonomous vehicle at time of arrival based on closest available parking location.

[0019] Autonomous vehicles with fold-in mirrors or mirrors that are obviated by cameras can
be parked tightly with little space between them since the doors do not need to be opened to
allow the driver to exit. Passengers will embark/disembark after/before the vehicle is
withdrawn/parked from/in the parking space. Tighter parking obviates requirements for
individual spaces and lines. In one aspect, an algorithm finds an open parking location large
enough for a requesting autonomous vehicle and wirelessly transmits GPS coordinates of the
open parking location to the autonomous vehicle.

[0020] Upon entering a parking area, an autonomous vehicle can wirelessly transmit vehicle
dimensions to the parking reservation system. Alternately, vehicle dimensions be determined via
parking area sensors and a neural network. For example, upon detecting a new autonomous
vehicle, a parking reservation system can estimate vehicle size using an overhead camera or a
fusion of data from cameras, Radar sensors, LIDAR sensors, etc.

[0021] For delineated parking spaces, it is optimal to park autonomous vehicles near the

center of the two parking lines. However, there may be varying sized parking spaces where
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vehicle dimensions can be used to park larger vehicles into larger delineated parking spaces and
smaller vehicles to smaller delineated parking spaces. If there are no delineated parking spaces
(white or yellow lines), an algorithm can determine optimal virtual parking spaces based on
autonomous vehicles currently entering parking spaces and/or autonomous vehicles on a
reservation list.

[0022] In some aspect, there are multiple cameras, LIDAR sensors, Radar sensors, ultrasonic
sensors, infrared sensors, etc. placed at designated (e.g., optimal) locations and angles within a
parking area for more accurate state estimation. Night Vision Cameras can be used for night-time
parking reservations. Abnormal activity can also be detected using a neural network trained to
recognize abnormal activity, for example, using both RGB and Infrared cameras. Abnormal
activity can include criminal activity as well as vehicles that take up more than one space or
vehicles that park in unconventional ways.

[0023] Aspects of the invention can be used for diagonal front-in parking, parallel parking,
orthogonal front-in parking, etc. in assigned parking locations as well as in assigned delineated
parking spaces. Aspects of the invention can be used for automated parking, autonomous valet
parking, and autonomous parking security. Aspects of the invention optimize vehicle parking
because a vehicle is essential guaranteed a parking spot and the vehicle can be optimally routed
to the parking spot.

[0024] Aspects of the invention can be implemented in a variety of different types of
computing devices. Figure 1 illustrates an example block diagram of a computing device 100.
Computing device 100 can be used to perform various procedures, such as those discussed
herein. Computing device 100 can function as a server, a client, or any other computing entity.

Computing device 100 can perform various communication and data transfer functions as
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described herein and can execute one or more application programs, such as the application
programs described herein. Computing device 100 can be any of a wide variety of computing
devices, such as a mobile telephone or other mobile device, a desktop computer, a notebook
computer, a server computer, a handheld computer, tablet computer and the like.

[0025] Computing device 100 includes one or more processor(s) 102, one or more memory
device(s) 104, one or more interface(s) 106, one or more mass storage device(s) 108, one or
more Input/Output (I/O) device(s) 110, and a display device 130 all of which are coupled to a
bus 112. Processor(s) 102 include one or more processors or controllers that execute instructions
stored in memory device(s) 104 and/or mass storage device(s) 108. Processor(s) 102 may also
include various types of computer storage media, such as cache memory.

[0026] Memory device(s) 104 include various computer storage media, such as volatile
memory (e.g., random access memory (RAM) 114) and/or nonvolatile memory (e.g., read-only
memory (ROM) 116). Memory device(s) 104 may also include rewritable ROM, such as Flash
memory.

[0027] Mass storage device(s) 108 include various computer storage media, such as magnetic
tapes, magnetic disks, optical disks, solid state memory (e.g., Flash memory), and so forth. As
depicted in Figure 1, a particular mass storage device is a hard disk drive 124. Various drives
may also be included in mass storage device(s) 108 to enable reading from and/or writing to the
various computer readable media. Mass storage device(s) 108 include removable media 126
and/or non-removable media.

[0028] I/O device(s) 110 include various devices that allow data and/or other information to
be input to or retrieved from computing device 100. Example I/O device(s) 110 include cursor

control devices, keyboards, keypads, barcode scanners, microphones, monitors or other display
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devices, speakers, printers, network interface cards, modems, cameras, lenses, radars, CCDs or
other image capture devices, and the like.

[0029] Display device 130 includes any type of device capable of displaying information to
one or more users of computing device 100. Examples of display device 130 include a monitor,
display terminal, video projection device, and the like.

[0030] Interface(s) 106 include various interfaces that allow computing device 100 to
interact with other systems, devices, or computing environments as well as humans. Example
interface(s) 106 can include any number of different network interfaces 120, such as interfaces to
personal area networks (PANSs), local area networks (LANs), wide area networks (WANSs),
wireless networks (e.g., near field communication (NFC), Bluetooth, Wi-Fi, etc., networks), and
the Internet. Other interfaces include user interface 118 and peripheral device interface 122.
[0031] Bus 112 allows processor(s) 102, memory device(s) 104, interface(s) 106, mass
storage device(s) 108, and I/O device(s) 110 to communicate with one another, as well as other
devices or components coupled to bus 112. Bus 112 represents one or more of several types of
bus structures, such as a system bus, PCI bus, IEEE 1394 bus, USB bus, and so forth.

[0032] Figure 2 illustrates an example computer architecture 200 that facilitates assigning
parking locations for autonomous vehicles. As depicted, computer architecture 200 includes
autonomous vehicle 201, cloud resources 239, and parking reservation system 221. Autonomous
vehicle 201 can be a car, truck, or bus. As depicted, autonomous vehicle 201 includes external
sensor(s) 202, communication module 208, vehicle control systems 254, and vehicle components
211.

[0033] Each of external sensor(s) 202, communication module 208, vehicle control systems

254, and vehicle components 211, as well as their respective components can be connected to
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one another over (or be part of) a network, such as, for example, a PAN, a LAN, a WAN, a
controller area network (CAN) bus, and even the Internet. Accordingly, each of external
sensor(s) 202, communication module 208, vehicle control systems 254, and vehicle components
211, as well as any other connected computer systems and their components, can create message
related data and exchange message related data (e.g., near field communication (NFC) payloads,
Bluetooth packets, Internet Protocol (IP) datagrams and other higher layer protocols that utilize
IP datagrams, such as, Transmission Control Protocol (TCP), Hypertext Transfer Protocol
(HTTP), Simple Mail Transfer Protocol (SMTP), etc.) over the network.

[0034] External sensors 202 include one or more of: camera(s) 203, radar sensor(s) 204, and
LIDAR sensor(s) 206. External sensors 202 may also include other types of sensors (not
shown), such as, for example, acoustic sensors, ultrasonic sensors, and electromagnetic sensors.
In general, external sensors 202 can sense and/or monitor objects in and/or around autonomous
vehicle 201. External sensors 202 can output sensor data 273 indicating the position and optical
flow (i.e., direction and speed) of monitored objects. External sensors 202 can send sensor data
273 to vehicle control systems 254.

[0035] Communication module 208 can include hardware components (e.g., a wireless
modem or wireless network card) and/or software components (e.g., a protocol stack) for
wireless communication with other vehicles and/or computer systems. Communication module
208 can be used to facilitate vehicle to vehicle (V2V) communication as well as vehicle to
infrastructure (V2I) communication. In some aspects, communication module 208 can receive
instructions from other systems to driver to a specified location. Communication module 208 can
forward the instructions to vehicle control systems 254. In one aspect, communication module

208 receives a parking location assignment, including a parking location, a map of a parking
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area, and a route to parking location within the map. Communication module 208 can forward
the parking location assignment to vehicle control systems 254.

[0036] In general, vehicle control systems 254 include an integrated set of control systems,
including Global Positioning System (GPS) module 256, for fully autonomous driving. For
example, vehicle control systems 254 can include a cruise control system to control throttle 242,
a steering system to control wheels 241, a collision avoidance system to control brakes 243, etc.
Vehicle control systems 254 can receive sensor data from external sensors 202 and can receive
instructions forwarded from communication module 208. Vehicle control systems 254 can send
automated controls 253 to vehicle components 211 to control autonomous vehicle 201.

[0037] In one aspect, vehicle control systems 254 receive a parking location assignment
forwarded from communication module 208. The parking location assignment includes a
parking location, a map of a parking area, and a route to the parking location within the map.
GPS module 256 determines the GPS coordinates of the parking location. Other vehicle control
systems 254 use sensor data on an ongoing basis to safely navigate autonomous vehicle 201
along the route to the parking location.

[0038] Autonomous vehicle 201 can also include vehicle data 271 describing autonomous
vehicle 201. Vehicle data can include a variety of information about autonomous vehicle 201,
including dimensions 272, such as, for example, length, width, and height. Other data, such as,
for example, the make, model, and owner of autonomous vehicle 201 can also be included in
vehicle data 271.

[0039] In general, parking reservation system 221 can manage parking reservations for
parking area 277. Parking reservation system 221 includes sensors 212, communication module

218, neural network module 227, and parking location assignment module 223. Each of sensors
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212, communication module 218, neural network module 227, and parking location assignment
module 223, as well as their respective components can be connected to one another over (or be
part of) a network, such as, for example, a PAN, a LAN, a WAN, a controller area network
(CAN) bus, and even the Internet. Accordingly, sensors 212, communication module 218, neural
network module 227, and parking location assignment module 223, as well as any other
connected computer systems and their components, can create message related data and
exchange message related data (e.g., near field communication (NFC) payloads, Bluetooth
packets, Internet Protocol (IP) datagrams and other higher layer protocols that utilize IP
datagrams, such as, Transmission Control Protocol (TCP), Hypertext Transfer Protocol (HTTP),
Simple Mail Transfer Protocol (SMTP), etc.) over the network.

[0040] Sensors 212 include camera(s) 213, inductive loops 214, radar sensor(s) 216, and
LIDAR sensor(s) 217. Sensors 212 may also include other types of sensors (not shown), such as,
for example, acoustic sensors, ultrasonic sensors, and electromagnetic sensors. In general,
sensors 212 can sense an arrangement of vehicles in parking area 277. Sensors 212 can be
located in and/or around parking area 277 and transmit sensor data to neural network module 227
for classification.

[0041] In one aspect, neural network module 227 includes a neural network architected in
accordance with a multi-layer (or “deep”) model. A multi-layer neural network model can
include an input layer, a plurality of hidden layers, and an output layer. A multi-layer neural
network model may also include a loss layer. For classification of sensor data (e.g., an image),
values in the sensor data (e.g., pixel-values) are assigned to input nodes and then fed through the

plurality of hidden layers of the neural network. The plurality of hidden layers can perform a

10
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number of non-linear transformations. At the end of the transformations, an output node yields a
perceived environment of parking area 277.

[0042] The perceived environment can include detecting occupied parking locations and
detecting open parking locations within parking area 277. In one aspect, the neural network is
also able to detect vehicle dimensions from a perceived environment. Neural network module
227 can send a perceived environment, including detected occupied and open parking locations
and, when appropriate vehicle dimensions, to parking location assignment module 223 and
communication module 218.

[0043] Communication module 218 can include hardware components (e.g., a wireless
modem or wireless network card) and/or software components (e.g., a protocol stack) for
wireless communication with vehicles and/or computer systems. Communication module 218
can be used to facilitate infrastructure to vehicle (I2V) communication. In some aspects,
communication module 218 can receive a parking location assignment from parking location
assignment module 223 and send the parking location assignment to an autonomous vehicle.
The parking location assignment can include a parking location in parking area 277, a map of
parking area 277, and a route to the parking location within the map.

[0044] Communication module 218 can also forward a perceived environment, including
detected occupied and open parking locations and, when appropriate vehicle dimensions, to
cloud resources 239. Cloud resources 239 can include processor and memory resources for
determining parking area state 238 from a perceived environment for parking area 277. Cloud
resources 239 can store parking area state 238 in parking area data 278. From time to time,
communication module 218 can request parking area state 238 and forward parking area state

238 to parking location assignment module 223.

11
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[0045] Based on parking area state 238 and detections from neural network module 227,
parking location assignment module 223 can formulate parking location assignments for
autonomous vehicles desiring to park in parking area 277. Parking location assignment module
223 can forward the parking location assignments to communication module 218.
Communication module 218 can then send parking location assignments to appropriate vehicles.

[0046] In one aspect, sensor data from sensors 212 is sent to a neural network running on
cloud resources 239. The neural network yields a perceived environment of parking area 277.
The perceived environment can include detecting occupied parking locations and detecting open
parking locations within parking area 277 as well as vehicle dimensions of vehicles within
parking area 277. Other processor and memory resources in cloud resources 239 are used to
determine parking area state 238 from the perceived environment.

[0047] Figure 3 illustrates a flow chart of an example method 300 for assigning parking
locations for autonomous vehicles. Method 300 will be described with respect to the
components and data of computer architecture 200.

[0048] Method 300 includes entering a parking area (301). For example, autonomous
vehicle 201 can enter parking area 277 (e.g., parking lot, a parking garage, a parking structure, a
street, an open field, etc.). Method 300 includes detecting an autonomous vehicle entering the
parking area (302). Method 300 includes fusing sensor data from one or more parking
reservation system sensors to identify one or more available parking locations within the parking
area (303). For example, a plurality of sensors 212 can sense parking area 277. Sensor data from
the plurality of sensors can be fused into sensor data 236. For example, sensor data from

cameras 213 and inductive loops 214 can be fused into sensor data 236.

12
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[0049] Sensor data 236 can be sent to neural network module 227. From sensor data 236,
neural network module 227 can output detections 237, including the presence of vehicle 201,
indications of available parking locations in parking area 277, and indications of occupied
parking locations in parking area 277. For example, detections 237 can indicate that parking
locations 232 and 281 are available and that other parking locations are occupied by vehicles
261, 262, and 263. In one aspect, detections 237 can also include the dimensions 272 for
autonomous vehicle 201. In another aspect, communication module 208 sends dimensions 272
to parking reservation system 221 upon establishing communication with parking reservation
system 221.

[0050] Method 300 includes assigning a parking location from among the one or more
available parking locations to the autonomous vehicle (304). For example, based on detections
237 and parking area state 238, parking location assignment module 223 can assign parking
location 232 to autonomous vehicle 201. Parking location assignment module 223 can formulate
parking location assignment 231, including parking location 232, map 233, and route 234, for
autonomous vehicle 201. Map 233 is an electronic map of parking area 277. Route 234
indicates how to navigate within parking area 277 to reach parking location 232. Method 300
includes sending a transmission to the autonomous vehicle, the transmission including the
assigned parking location, an electronic map of the parking area, and a route, the route indicating
how to navigate within the parking area to reach the assigned parking location (305). For
example, communication module 218 can send parking location assignment 231, including
parking location 232, map 233, and route 234, to autonomous vehicle 201.

[0051] Method 300 includes receiving a transmission from a parking reservation system that

manages parking reservations for the parking area, the transmission including an assigned

13
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parking location, an electronic map of the parking area, and a route, the route indicating how to
navigate within the parking area to reach the assigned parking location (306). For example,
communication module 208 can receive parking location assignment 231, including parking
location 232, map 233, and route 234, from parking reservation system 221. Communication
module 208 can forward parking location assignment 231 to vehicle control systems 254.

[0052] Method 300 includes using data from the one or more sensors for navigating through
the parking area to the assigned parking location in accordance with the route (307). For
example, vehicle control systems 254 can use sensor data 273 on an ongoing basis to send
automated controls 253 to vehicle components 211. Automated controls 253 change vehicle
components 211 as appropriate to navigate autonomous vehicle 201 though parking area 277 to
parking location 232 in accordance with route 234. GPS module 256 can convert parking
location 232 to GPS coordinates. Route 234 can include dropping passengers off at a designated
location, for example, a building entrance, prior to parking.

[0053] Method 300 includes using data from the one or more sensors for park in the assigned
parking location within a specified distance of any adjacently parked vehicles (308). Upon
approaching parking location 232, vehicle control systems 254 can use sensor data 273 to park in
parking location 232 within a specified distance of vehicle 261. When autonomous vehicle 201
contains no passengers, there is little, if any, need to allow room for opening doors. As such,
autonomous vehicle 201 can park within inches of vehicle 261.

[0054] Method 300 includes updating the one or more available parking locations based on
assigning the parking space to the autonomous vehicle (309). For example, a plurality of sensors
212 can again sense parking area 277. Sensor data from the plurality of sensors can be fused into

additional sensor data 236. The additional sensor data can be sent to neural network module 222.
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From sensor data 236, neural network 222 can output additional detections, including indications
of available parking locations in parking area 277 and indications of occupied parking locations
in parking area 277. For example, the additional detections can indicate that parking location 281
is available, that parking location 232 is occupied by autonomous vehicle 201, and that other
parking locations are occupied by vehicles 261, 262, and 263.

[0055] Figure 4 illustrates an example parking area 400. Parking area 400 includes larger
parking spaces 441 and smaller parking spaces 442. Parking reservation system 421 and cloud
computing resources 439 interoperate to assign parking spaces in parking area 400 to vehicles.
Parking system 421 can obtain dimensions 472 for vehicle 401 (either through neural network
detection or transmission from vehicle 401). Based on dimensions 472, parking reservation
system 421 and/or cloud computing resources 439 can determine that vehicle 401 is a larger
vehicle (e.g., a truck). As such, parking reservation system 421 can send parking assignment 432
to vehicle 401. Parking assignment 432 can instruct vehicle 401 to take route 434 through
parking area 400 to parking space 451 (one of larger parking spaces 441).

[0056] Similarly, parking reservation system 421 can obtain dimensions 473 for vehicle 411
(either through neural network detection or transmission from vehicle 411). Based on
dimensions 473, parking reservation system 421 and/or cloud computing resources 439 can
determine that vehicle 411 is a smaller vehicle (e.g., a car). As such, parking reservation system
421 can send parking assignment 432 to vehicle 411. Parking assignment 432 can instruct
vehicle 411 to take route 436 through parking area 400 to parking space 452 (one of smaller
parking spaces 442).

[0057] In one aspect, one or more processors are configured to execute instructions (e.g.,

computer-readable instructions, computer-executable instructions, etc.) to perform any of a
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plurality of described operations. The one or more processors can access information from
system memory and/or store information in system memory. The one or more processors can
transform information between different formats, such as, for example, sensor data, vehicle data,
dimensions, parking location assignments, parking locations, maps, routes, GPS coordinates,
detections, parking area state, etc.

[0058] System memory can be coupled to the one or more processors and can store
instructions (e.g., computer-readable instructions, computer-executable instructions, etc.)
executed by the one or more processors. The system memory can also be configured to store any
of a plurality of other types of data generated by the described components, such as, for example,
sensor data, vehicle data, dimensions, parking location assignments, parking locations, maps,
routes, GPS coordinates, detections, parking area state, etc.

[0059] In the above disclosure, reference has been made to the accompanying drawings,
which form a part hereof, and in which is shown by way of illustration specific implementations
in which the disclosure may be practiced. It is understood that other implementations may be

utilized and structural changes may be made without departing from the scope of the present

29 (13 29 (13

disclosure. References in the specification to “one embodiment,” “an embodiment,” “an
example embodiment,” etc., indicate that the embodiment described may include a particular
feature, structure, or characteristic, but every embodiment may not necessarily include the
particular feature, structure, or characteristic. Moreover, such phrases are not necessarily
referring to the same embodiment. Further, when a particular feature, structure, or characteristic
is described in connection with an embodiment, it is submitted that it is within the knowledge of

one skilled in the art to affect such feature, structure, or characteristic in connection with other

embodiments whether or not explicitly described.
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[0060] Implementations of the systems, devices, and methods disclosed herein may comprise
or utilize a special purpose or general-purpose computer including computer hardware, such as,
for example, one or more processors and system memory, as discussed herein. Implementations
within the scope of the present disclosure may also include physical and other computer-readable
media for carrying or storing computer-executable instructions and/or data structures. Such
computer-readable media can be any available media that can be accessed by a general purpose
or special purpose computer system. Computer-readable media that store computer-executable
instructions are computer storage media (devices). Computer-readable media that carry
computer-executable instructions are transmission media. Thus, by way of example, and not
limitation, implementations of the disclosure can comprise at least two distinctly different kinds
of computer-readable media: computer storage media (devices) and transmission media.

[0061] Computer storage media (devices) includes RAM, ROM, EEPROM, CD-ROM, solid
state drives (“SSDs”) (e.g., based on RAM), Flash memory, phase-change memory (“PCM”),
other types of memory, other optical disk storage, magnetic disk storage or other magnetic
storage devices, or any other medium which can be used to store desired program code means in
the form of computer-executable instructions or data structures and which can be accessed by a
general purpose or special purpose computer.

[0062] An implementation of the devices, systems, and methods disclosed herein may
communicate over a computer network. A “network” is defined as one or more data links that
enable the transport of electronic data between computer systems and/or modules and/or other
electronic devices. When information is transferred or provided over a network or another
communications connection (either hardwired, wireless, or a combination of hardwired or

wireless) to a computer, the computer properly views the connection as a transmission medium.
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Transmissions media can include a network and/or data links, which can be used to carry desired
program code means in the form of computer-executable instructions or data structures and
which can be accessed by a general purpose or special purpose computer. Combinations of the
above should also be included within the scope of computer-readable media.

[0063] Computer-executable instructions comprise, for example, instructions and data which,
when executed at a processor, cause a general purpose computer, special purpose computer, or
special purpose processing device to perform a certain function or group of functions. The
computer executable instructions may be, for example, binaries, intermediate format instructions
such as assembly language, or even source code. Although the subject matter has been described
in language specific to structural features and/or methodological acts, it is to be understood that
the subject matter defined in the appended claims is not necessarily limited to the described
features or acts described above. Rather, the described features and acts are disclosed as
example forms of implementing the claims.

[0064] Those skilled in the art will appreciate that the disclosure may be practiced in network
computing environments with many types of computer system configurations, including, an in-
dash or other vehicle computer, personal computers, desktop computers, laptop computers,
message processors, hand-held devices, multi-processor systems, microprocessor-based or
programmable consumer electronics, network PCs, minicomputers, mainframe computers,
mobile telephones, PDAs, tablets, pagers, routers, switches, various storage devices, and the
like. The disclosure may also be practiced in distributed system environments where local and
remote computer systems, which are linked (either by hardwired data links, wireless data links,

or by a combination of hardwired and wireless data links) through a network, both perform
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tasks. In a distributed system environment, program modules may be located in both local and
remote memory storage devices.

[0065] Further, where appropriate, functions described herein can be performed in one or
more of: hardware, software, firmware, digital components, or analog components. For example,
one or more application specific integrated circuits (ASICs) can be programmed to carry out one
or more of the systems and procedures described herein. Certain terms are used throughout the
description and claims to refer to particular system components. As one skilled in the art will
appreciate, components may be referred to by different names. This document does not intend to
distinguish between components that differ in name, but not function.

[0066] It should be noted that the sensor embodiments discussed above may comprise
computer hardware, software, firmware, or any combination thereof to perform at least a portion
of their functions. For example, a sensor may include computer code configured to be executed
in one or more processors, and may include hardware logic/electrical circuitry controlled by the
computer code. These example devices are provided herein purposes of illustration, and are not
intended to be limiting. Embodiments of the present disclosure may be implemented in further
types of devices, as would be known to persons skilled in the relevant art(s).

[0067] At least some embodiments of the disclosure have been directed to computer program
products comprising such logic (e.g., in the form of software) stored on any computer useable
medium. Such software, when executed in one or more data processing devices, causes a device
to operate as described herein.

[0068] While various embodiments of the present disclosure have been described above, it
should be understood that they have been presented by way of example only, and not limitation.

It will be apparent to persons skilled in the relevant art that various changes in form and detail
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can be made therein without departing from the spirit and scope of the disclosure. Thus, the
breadth and scope of the present disclosure should not be limited by any of the above-described
exemplary embodiments, but should be defined only in accordance with the following claims and
their equivalents. The foregoing description has been presented for the purposes of illustration
and description. It is not intended to be exhaustive or to limit the disclosure to the precise form
disclosed. Many modifications and variations are possible in light of the above teaching.
Further, it should be noted that any or all of the aforementioned alternate implementations may

be used in any combination desired to form additional hybrid implementations of the disclosure.
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CLAIMS

What is claimed:
1. At an autonomous vehicle, a method for parking in a parking area comprising:

entering the parking area;

receiving a transmission indicating a route to an assigned parking location within
the parking area;

navigating through the parking area to the assigned parking location based on the
route; and

using data from one or more sensors to park in the assigned parking location

within a specified distance of any adjacent vehicles.

2. The method of claim 1, wherein receiving a transmission indicating a route to an
assigned parking location comprises receiving a wireless transmission from a parking reservation
system, the wireless transmission including the assigned parking location, an electronic map of
the parking area, and the route, the route indicating how to navigate within the parking area to

reach the assigned parking location.

3. The method as recited in claim 1, wherein using data from one or more sensors

compromises using data from one or more sensors attached to the autonomous vehicle that sense

the external environment in the vicinity of the autonomous vehicle.
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4. The method as recited in claim 1, wherein receiving a transmission indicating a
route to an assigned parking location within the parking area comprises receiving a transmission
indicating a route to the assigned parking location, wherein the assigned location is assigned

based on the dimensions of the autonomous vehicle.

5. The method as recited in claim, wherein receiving a transmission indicating a

route to an assigned parking location within the parking area comprises receiving a transmission

indicating a route to a delineated parking space.
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6. At an autonomous vehicle, the autonomous vehicle comprising:
one or more processors;
system memory coupled to one or more processors, the system memory storing
instructions that are executable by the one or more processors;
one or more sensors for sensing the external environment in the vicinity of the
autonomous vehicle;
the one or more processors configured to execute the instructions stored in the
system memory to park the autonomous vehicle in a parking space within a parking area,
including the following:
enter the parking area;
receive a transmission from a parking reservation system that manages
parking reservations for the parking area, the transmission including an assigned
parking location, an electronic map of the parking area, and a route, the route
indicating how to navigate within the parking area to reach the assigned parking
location; and
use data from the one or more sensors to:
navigate through the parking area to the assigned parking location
in accordance with the route; and
park in the assigned parking location within a specified distance of

any adjacently parked vehicles.

23



WO 2018/093352 PCT/US2016/062054

7. The autonomous vehicle of claim 6, wherein the one or more sensors comprises a
set of sensors, the set of sensors including one or more sensors selected from among: cameras,

LIDAR sensors, Radar sensors, and Ultra Sonic sensors.

8. The autonomous vehicle of claim 7, wherein the one or more processors
configured to execute the instructions stored in the system memory to use data from the one or
more sensors to park in the assigned parking location comprises the one or more processors
configured to execute the instructions stored in the system memory to use data use data from the

set of sensors to park in the assigned parking location.

0. The autonomous vehicle of claim 6, wherein the one or more processors
configured to execute the instructions stored in the system memory to receive a transmission
including an assigned parking location comprises the one or more processors configured to
execute the instructions stored in the system memory to receive a transmission including an
assigned parking location, wherein the assigned parking location was assigned based on the

dimensions of the autonomous vehicle.

10. The autonomous vehicle of claim 6, wherein the one or more processors
configured to execute the instructions stored in the system memory to receive a transmission
from a parking reservation system comprises the one or more processors configured to execute
the instructions stored in the system memory to receive the transmission from the parking

reservation system prior to the autonomous vehicle entering the parking area.
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11. The autonomous vehicle of claim 6, wherein the one or more processors
configured to execute the instructions stored in the system memory to receive a transmission
including an assigned parking location comprises the one or more processors configured to
execute the instructions stored in the system memory to receive a transmission including an
assigned delineated parking space, the assigned delineated parking space selected from among: a

front-in parking space, a parallel parking space, or an orthogonal front-in parking space.

12. The autonomous vehicle of claim 6, wherein the one or more processors
configured to execute the instructions stored in the system memory to receive a transmission
including an assigned parking location system comprises the one or more processors configured
to execute the instructions stored in the system memory to receive a transmission including a

Global Positioning System (GPS) coordinates for the assigned parking location.
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13. A parking reservation system, the parking reservation system comprising:
one or more processors;
system memory coupled to one or more processors, the system memory storing
instructions that are executable by the one or more processors;
one or more sensors for detecting the configuration of a parking area managed by
the parking reservation system;
the one or more processors configured to execute the instructions stored in the
system memory to assign a parking space within the parking area to an autonomous
vehicle, including the following:
detect the autonomous vehicle entering the parking area;
fuse sensor data from the one or more sensors to identify one or more
available parking spaces within the parking area;
assign a parking location from among the one or more available parking
locations to the autonomous vehicle;
send a transmission to the autonomous vehicle, the transmission including
the assigned parking location, an electronic map of the parking area, and a route,
the route indicating how to navigate within the parking area to reach the assigned
parking location; and
update the one or more available parking locations based on assigning the

parking space to the autonomous vehicle.
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14.  The parking reservation system of claim 13, wherein the one or more sensors
comprise a set of sensors, the set of sensors including one or more sensors selected from among:

inductive loops, cameras, LIDAR sensors, Radar sensors, and Ultra Sonic sensors.

15.  The parking reservation system of claim 13, wherein the one or more processors
configured to execute the instructions stored in the system memory to fuse sensor data form the
one or more sensors to identify one or more available parking locations within the parking area
comprises the one or more processors configured to execute the instructions stored in the system
memory to fuse sensor data from one or more inductive loops and one or more cameras to detect

the one or more available parking locations.

16.  The parking reservation system of claim 13, wherein the one or more processors
configured to execute the instructions stored in the system memory to send a transmission to the
autonomous vehicle comprises the one or more processors configured to execute the instructions
stored in the system memory to send Global Positioning System (GPS) coordinates for the

assigned parking location to the autonomous vehicle.

17.  The parking reservation system of claim 13, wherein the one or more processors
configured to execute the instructions stored in the system memory to assign a parking location
to the autonomous vehicle comprises the one or more processors configured to execute the
instructions stored in the system memory to assign the parking location to the autonomous

vehicle based on the dimensions of the autonomous vehicle.

27



WO 2018/093352 PCT/US2016/062054

18.  The parking reservation system of claim 17, further comprising the one or more
processors configured to execute the instructions stored in the system memory to use the one or

more sensors to determine the dimensions of the autonomous vehicle.

19.  The parking reservation system of claim 17, further comprising the one or more
processors configured to execute the instructions stored in the system memory to receive the

dimensions of the autonomous vehicle in a transmission from the autonomous vehicle.

20.  The parking reservation system of claim 13, wherein the one or more processors
configured to execute the instructions stored in the system memory to assign a parking location
to the autonomous vehicle comprises the one or more processors configured to execute the
instructions stored in the system memory to assign a delineated parking space to the autonomous
vehicle the assigned delineated parking space selected from among: a front-in parking space, a

parallel parking space, or an orthogonal front-in parking space.
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The inventions listed as Groups !-ll do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:

The special technical features of Group | include at least one or more sensors for sensing the external environment in the vicinity of the
autonomous vehicle; enter the parking area; receive a transmission from a parking reservation system that manages parking
reservations for the parking area, and use data from the one or more sensors to: navigate through the parking area to the assigned
parking location in accordance with the route; and park in the assigned parking location within a specified distance of any adjacently
parked vehicles, which are not present in Group I1.

The special technical features of Group Il include at least one or more sensors for detecting the configuration of a parking area managed
by the parking reservation system; detect the autonomous vehicle entering the parking area; fuse sensor data from the one or more
sensors to identify one or more available parking spaces within the parking area; assign a parking location from among the one or more
available parking locations to the autonomous vehicle; and update the one or more available parking locations based on assigning the
parking space to the autonomous vehicle, which are not present in Group |.

The common technical features shared by Groups I-Il are one or more processors; system memory coupled to one or more processors,
the system memory storing instructions that are executable by the one or more processors; the one or more processors configured to
execute the instructions stored in the system memory to park the autonomous vehicle in a parking space within a parking area, including
the following: the transmission including an assigned parking location, an electronic map of the parking area, and a route, the route
indicating how to navigate within the parking area to reach the assigned parking location.

However, these common features are previously disclosed by WO 2016/066353 A1 to ROBERT BOSCH GMBH (hereinafter "Bosch”).
Bosch discloses one or more processors; system memory coupled to one or more processors, the system memory storing instructions
that are executable by the one or more processors (a processor, and computer program code run (executed) on a computer, inherently
requiring a system memory for storing the instructions; page 4, 3rd paragraph); the one or more processors configured to execute the
instructions stored in the system memory to park the autonomous vehicle in a parking space within a parking area (the processor
running the instructions to park an autonomous vehicle in a parking space in a parking lot (area); page 4, 2rd and 4th paragraphs),
including the following: the transmission including an assigned parking location, an electronic map of the parking area, and a route
(transmit a digita! (electronic) map of the target position (assigned) parking space and a route; page 4, 2nd and 4th paragraphs), the
route indicating how to navigate within the parking area to reach the assigned parking location (the navigation device guides the
autonomous vehicle to the target position parking space; page 4, 1st and 6th paragraphs).

Since the common technical features are previously disclosed by the Bosch reference, these common features are not special and so
Groups |-l lack unity.
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