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disclosed. In one variation, a computer-implemented method comprises re-
ceiving positional data concerning a listing location from a listing client
device; establishing a radius boundary based on the positional data; filtering
one or more databases using the radius boundary to determine an amount of
parking spaces listed and the amount of parking spaces reserved within a pre-
set time period; calculating a location-specific transaction rate using the
amount of parking spaces listed, the amount of parking spaces reserved, and
the preset time period; determining a recommended listing price based on the
location-specific transaction rate; and transmitting the recommended listing
price to the listing client device.
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TITLE OF THE INVENTION
PARKING MANAGEMENT SYSTEM AND METHODS OF OPERATION
THEREOF

CROSS-REFERENCE TO RELATED APPLICATION
{0001} This application claims the benefit of U.S. Provisional Apphication No.

62/162,574 filed on May 15, 2015, the entirety of which is hereby mcorporated by reference.

TECHNICAL FIELD
{0002]  This disclosure relates generally to the field of vehicle parking management

and, more specifically, to an online parking marketplace and methods of operation thereof.

BACKGROUND
{0003]  Parking a vehicle in densely populated enviromments is often a frustrating
experience doe to the dearth of free parking spaces and the expense of private parking
garages or lots. This is especially true in populated nrban environments such as the
downtowns of large mumicipalities (e.g.. New York City, San Francisco, eic.). Moreover,
parking is often in demand near destinations or event venues such as neighborhoods
surrounding sports stadiums, concert halls, amuserent parks, or beachfronts,
{0004] Additionally, the high price of real estate has motivated many property owners
to seek out non-traditional ways for property owners to mongtize their real property assets.
For example, homeowners can often rent out rooms in their homes to toarists or travelers
using an online home rental platfora.
{0005]  Therefore, a solution 15 needed for a parking management systent to
conveniently, securely and effectively allow property owners to rent ont their available
parking space(s) and for drivers seeking parking to reserve such parking spaces. In
addition, such a solution should assist the property owner in determiming an appropriate
rental price for thew parking spaces. Also, such a solution should be able to assist the

property owner in maximizing their earmung potential from such assets by ensuring
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adequate turnover m parked velucles and that empty parkimg spaces are ocoupied guickly
and efficiently. Moreover, such a solution should also ensure that drivers vacate vented
parking spaces in time so as not to inconvenience property owners who require such spaces
and suggest appropriate penalty measures when drivers overstay their allotted parking

fimes.

SUMMARY
{0006] A parking management system and methods of operation are disclosed. A
computer-implemented method of managing parking reservations over a communications
network can inchude receiving, in one or more databases stored in one or more memory
units, posttional data concerning a listing location. The method can also include
establishing, using one or more processors of a computing system, a radius boundary based
on the positional data storved in the one or more databases and filtering, using the one or
maore processors, the one or more databases using the radius boundary to deternuine an
amount of parking spaces listed and the amount of parking spaces reserved within a preset
time period. The method can also include calculating, using the one or more processors, a
transaction rate using the amount of parking spaces listed, the amount of parking spaces
reserved, and the preset time period and storing the transaction rate in the one or more
databases. The method can also include determining, nsing the one or more processors, 8
recommended lsting price based on the transaction rate and transnutting, over the
communications network using one or more communication interfaces, the recommended
listing price to a listing client devige.
{0007 The method can also include receiving, over the communications network, one
or more listing requests from one or more parking sensors. The method can also mchude
receiving, over the communications network, one or more reservation requests from at least
one of one or more booking client devices and one or more control units of a self-driving
vehicle and updating, using the one or more processors, the amownt of parking spaces listed
and the amount of parking spaces reserved in the oneg or more databases using the one or
morte histing requests and the one or Mmore reservation requests.
{6008] The one or more parking sensors can include a proximity detector, one or more
SSNSOr PIOCEsSOrs, & sensor communication imerface, and a portable power supply. The one
or more parking sensors can alse meclude a positioning wnit of a booking chent device or

the control unit of a self-driving vehicle.
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{0009]  The method can also mnclude adding, using the one or more processors, a buffer
period to a reservation pertod in response to receiving the reservation request from at least
one of the bookmg chient device and the control unit of the self-driving vehicle. The
method can also include calculating, using the one or more processors, an average listing
price based on fisting prices stored in the one or more databases prior to determining the
recommended listing price and determining, using the one or more processors, the
recommended list price by calculating a Listing multiplier nsing the transaction rate stored
in the one or more databases and multiplying the listing multiplier by the average listing
price.

[0016]  The method can also include calculating the listing nultiplier by applving, using
the one or more processors, a logarithmic function to the transaction rate stored in the one
or more databases when the transaction rate exceeds a rate threshold. The method can also
include receiving timestamp data from one or more sensors in @ vicinity of the listing
focation and storing the timestamyp data in the one or more databases. The method can also
include determining, using the one or more processors, an average park time using the
timestamyp data; and transmitting, over the communications network using the one or more
commumcation interfaces, a recomumended avaability time caloulated nsing the average
park time 1o the histing chient device. The one or more sensors can include a positioning
unit of at least one of one or more beoking client devices and one or more control units of a
self-driving vehicle.

10011] The method can also include receiving, over the communications network, a
status update from a booking client device concerning an upcoming departure of a vehicle
occupying a reserved parking space. The method can also include determining a real-time
position of the booking client device in response 1o receiving the status update and
querving a parking sensor in a vicinity of the reserved parking space i response to the
status update received from the booking client device to confirm an occupancy status of the
reserved parking space.

{0012]  The method can also include calculating a peaalty multiplier using the
transaction rate based on the occupancy status of the reserved parking, calealating a penalty
rate using the penalty multiplier and a listing price, and transmitting, over the
commuunications network, the penalty rate to at least one of the booking client device and
the histing client device.

{0013] A computing system to manage parking reservations over a communivations

network can include one or more commumnication nterfaces, one or More Memory umis,
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One OF MOre Processars executing computer-readable instructions stored m the one or more
MENIONY Units (o recelve, in one or more databases stored in the one or more Memory unis,
positional data concerning a listing location, establish a radwus boundary based on the
positional data stored in the one or more databases, and filter the one or more databases
using the radius boundary to determine an amount of parking spaces listed and the amount
of parking spaces reserved within a preset time period.

{0014] The computing system can also calculate a transaction rate using the amount of
parking spaces listed, the amount of parking spaces reserved, and the preset time period
and storing the transaction rate i the one or more databases, determine a recommended
Hsting price based on the transaction vate, and transmit, over the communications netwaork
using the one or more conmunication mterfaces, the recommended listing price to a listing
client device.

{0015] A non-transitory computer readable medivm can inclade computer executable
mstructions stored thereon executed by one or more processors, where the instructions
include the steps of receiving, i one or more databases stored in one or more memory
wits, postional data concerming a listing location, establishing, using the one or more
processors of a computing system, a radius boundary based on the positional data stored
the one or more databases, and filtering, using the one or more processors, the one or more
databases using the radius boundary to determine an amount of parking spaces listed and
the amount of parking spaces reserved within a preset tise period. The instructions can
also include the steps of calculating, using the one or more processors, a transaction rate
using the amount of parking spaces listed, the amount of parking spaces reserved, and the
preset time period and storing the iransaction rate in the one or more databases,
determining, ustng the one or more processors, @ recommended listing price based ou the
transaction rate, and transnufting, over the communications network using one or more
communication interfaces, the recommended listing price to a listing client device.

10016} The methods, devices, or systems disclosed berein may be implemented in a
variety of different ways. Certain variations have other steps or elements in addition 1o or
n place of those mentioned above. The steps or elements will become apparent to those

skilled in the art from the accompanying drawings or from the detailed description that

follows,
BRIEF DESCRIPTION OF THE DRAWINGS
{001 7] Figure | tlustrates a parking management system.
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{0018]  Figure 2A dlustrates a varation of a server of the parking management svstem.
{0019]  Figure 2B dlustrates a variation of a chient device of the parking management
system,

16020] Figure 2C iflustrates a variation of a parking sensor of the parking management
system.

{0021] Figure 3A illustrates a new listing graphical user iterface (GUL displaved on a
listing chent device connected to the parking management system.

{0022]  Figure 3B illustrates a listing information GUI displayed on a listing client
device connected to the parking management systen.

{0023] Figure 4A tllustrates a reservation request GUI displayed on a booking client
device connected to the parking management system.

{0024]  Figure 48 illustrates a reservation status GUI displayed on a booking client
device connected to the parking management system.

{0025] Figure § llustrates a schematic of a booking vehicle detected by a parking
sensor at a listing location.

{H326] Figure 6A illustrates a variation of a listing database table stored in one ov more
databases of the parking management systeny.

10027] Figure 6B iflustrates a variation of a reservation database table stored in one or
more databases of the parking management system.

{6028]  Figure 7 illustrates examples of computer readable mstructions and application
fogic undertaken by the parking management svsteny,

16029] Figure 8 illustrates a variation of a map overview GUI displayed on a display
component connected 1o the parking management system.

{0030) Figure 9 illastrates @ method of operation of the parking management svstem.

DETAILED DESCRIPTION OF THE INVENTION
{0031] Figure | llustrates that a parking management system 100 can mclude one or
more listing client devices 102, booking chient devices 104, parking sensors 106, or a
combination thereof communicatively coupled to one or more databases 108, apphcation
servers 110, web servers 112, server load balancers 114, cloud load balancers 116, ora
combination thereof over a communications network 118
{0032} The communications network 118 can be any mulii-hop network that covers
regions, countries, contments, or a combimation thereof. Examples of the communications

network 118 can include a cellular network such as a 3G network, a 4G network, a long-

R 2
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term evolution (LTE) network; a sonic communication astwork; a satellite network; a wide
area network such as the haternet, or a combimnation thereot, The web servers 112, the
application servers 110, the server load balancers 114, the cloud Joad balancers 116, or a
combination thereof can be communicatively coupled to the communications network 118
through connections 120 The connections 120 can be wired connections, wireless
connections, or a combination thereof.

{0033] The parking management system 100, or g portion theremn, can mchade a web
and/or mobile application hosted by a computing cloud 122 such as a Windows Azare™
cloud, an Amazon Elastic Computer Cloud {Amazon EC2Y™, a Google App Engine™, or
a combination thereof. For example, the parking management system 100 can inclade a
web andior mobile application ran on virtual machines hosted on the one or more
application servers 110, web servers 112, or a combination thereof In one vanation, the
coraputing cloud 122 can include the one or more application servers 110, web servers 112,
databases 108, server load balancers 114, cloud load balancers, portions therein, or a
combination thereof. The parking management system 100 can rely on processing and
storage resources provided by the one or more application servers 11{, web servers 112,
databases 108, server load balancers 114, cloud load balancers 116, or a combination
thereof.

{0034]  The cloud load balancers 116 can provide traffic load balancing and distribute
client requests among multiple web servers 112, The web servers 112 can include HTTP
servers or rely on the computing cload 122 to handle HTTP requests. The web servers 112
can also be instantiated and managed by the computing clond 122,

[0035] The server load balancer 114 can balance mteractions between the web servers
112 and the one or more application servers 110, The gpplication servers 110 can handle
application logic and interacts with the databases 108 to store data and application states.
The web servers 112, the application servers 110, or a combination thereof can include rack
nount servers, cluster servers, blade servers, main frames, dedicated desktops or laptops,
or a combination thereof.

{8036]  The databases 108 can be one or more SQL databases. The application servers
110 can interface with one or more SQL servers managing the SQL databases. The
application data and application states can be stored in a cloud managed SQL database. In
other variations, the database 108 can be a document-oriented database including a NoSQL

database such as a MongoDB® database.
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{0037]  The application servers 110, the web servers 112, the cloud load balancers 116,
the server load balancers 114, and the cloud SQL databases 108 can be any of the servers,

belard
iF

foad balancers, and databases discussed in L1.S. Patent No. 9,176,773, the content of which
is hereby incorporated by reference in iis entirety.

[0038] The listing client devices 102, the booking client devices 104, or a combination
thereof can include a portable computing device such as a smartphone, a tablet, a laptop, a
smartwatch, a personal entertamment device, or a combination thereof. In other variations,
the histing client device 102, the booking client device 104, or a combination thereof can
include a desktop computer. The listing client device 102 can be used by g user of the
parking management system 100 1o list a parking space for rental or lease by other users of
the parking management system 100, The booking client device 104 can be used by a user
of the parking management system 100 to book a parking space listed for rental or lease on
the parking management system 100,

{0039 The parking management system 1{) can also include one or more parking
sensors 106. The parking sensors 106 can be located at & Hsting location 124, Inone
vanation, the parking sensor 106 can include the sensing components shown in Figare 2C.
in other variations, the parking sensor 106 can refer to a client device such as the listing
client device 102, the booking chient device 104, or parts therein.

{0046]  The parking management system 100 can be communicatively coupled to a
controt unit 126 of a self-driving vehicle 128, For example, the parking management
system 100 can receive data or client requests from the control unit 126 of the self-driving
vehicle 128 The self-driving vehicle 128 can mchude motor vehicles or vessels having an
autonomous or semiautonomous driving mode. For example, the self-driving vehicle 128
can be vehicles disclosed or discussed in US. Patent No. 8,120485, US. Patent No.
8,965,621, and U.S. Patent No. 8,954,217, the contents of which are hereby incorporated
by reference in their entireties.

{0041] Figure 2A illustrates that a server 200 of the parking management system 100
can have one or more processors 202, a memory 204, and a communication interface 200,
The processors 202 can be conpled to the memory 204 and the commuumication intertace
206 through high-speed buses 208, The server 200 can represent any of the web servers
112, the application servers 110, or a combination thergof of Figure 1.

{0042} The processors 202 can mclude one or more central processing units (CPLUs),
graphical processing units (GPUs), Application-Specific Integrated Circuits {ASICs), field-

programmable gate arrays (FPGAS), or a combination thereof. The processors 202 can
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execute software or computer-readable fnstructions stored m the memory 204 to execute
the methods or operations described herem. The processors 202 can be mplemented in a
mumber of different manners. For example, the processors 202 can include one or more
embedded processors, processor cores, microprocessors, ogic circuits, hardware finite state
machines (FSMs), digital signal processors {DSPs), ar a combination thereof. For example,
the processors 202 can be 64-bit processors.

{0043] The memory 204 can store software, data, logs, or a combination thereof. The
memory 204 can be an internal memory. Alternatively, the memory 204 can be an external
memory, such as a memory residing on a storage node, a clond server, or a storage server.
The memory 204 can be a volatile memory or a non-volatile memory. For example, the
memory 204 can be a nonvolatile storage such as non-volatile random access wemory
{NVRAM}, Flash memory, disk storage, or a volatile storage such as static random access
memory {SRAM). The memory 204 can be the main storage unit for the server 200,

0044] The communication interface 206 can mclude one or more wired or wireless
communication mterfaces. For example, the communication interface 206 can be a network
mterface card of the server 200. The commumcation interface 206 can be a wireless
modem or a wired modem. In one variation, the communication interface 206 canbe a
WiFi modem. In other variations, the communication interface 206 can be a 3G modem, a
4G modem, an LTE medem, a Bluetooth® component, a radio receiver, an antenna, or a
combination thereof. The server 200 can connect to or communicatively couple with the
communications network 118 using the communication interface 206. The server 200 can
transmit or receive packets or messages using the communication interface 206

j0045) Figure 2B iflustrates that a client device 210 of the parking management sysiem
100 can have a chient processor 212, a client memory 214, a client communication umt 216,
a locational unit 218 having a global positioning system {GPS) receiver, and a display 220.
The client processor 212 can be coupled 1o the client memory 214, the client
commntication unit 216, and the locational unit 218 through high-speed buges 222

{00446] The client processor 212 can include one or more CPUs, GPUs, ASICs, FPGAs,
or & combination thereof. The chient processor 212 can execute software stored in the client
memory 214 to execute the methods described herein. The client processor 212 can be
implemented in a number of different manners. For example, the client processor 212 can
be an embedded processor, a processor core, a microprocessor, a logic circuit, a hardware
FSM, a DSP, or a combination thereof. As a more specific example the client processor

212 can be a 32-bit processor such as an ARM®R processor.
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0047] The client memory 214 can store software, data, logs, or a combination thereof.
I one variation, the chent memory 214 can be an internal memory. In another variation,
the client memeory 214 can be an external storage unit. The client memory 214 can be s
volatile memory or a non-volatile memory. For example, the client memory 214 canbea
nonvolatite storage such as NVRAM, Flash memory, disk storage, or a volatile storage
such as SRAM. The client memory 214 can be the main storage unit for the client device
210,

10048] The client communication unit 216 can be a wived or wireless conumunication
mterface. For example, the client communication unit 216 can be a network interface card
of the client device 210, The client communication unit 216 can be a wireless modem or a
wired modem. In one vartgtion, the client conymunication unit 216 can be a WiFi modem.
in other variations, the client communication unit 216 can be a 3G modem, a 4G modem,
an LTE modem, 3 Bluetooth® component, a radio recetver, an antenna, or g combingtion
thereof. The client device 210 can conneet to or communicatively couple with the
communications network 118 using the client communication unit 216, The client device
21 can transomt or receive packets or messages using the client communication wmt 216
{0049] The locational unit 218 can include & GPS component such as the GPS receiver,
an mertial unit, 8 magnetometer, a compass, or 8 combination thereof. The locational unit
218 can receive GPS signals from a GPS satellite. The inertial unit can be implemented as
& multi-axis accelerometer including & three-axis accelerometer, a multi-axis gyroscope
mchiding a three-axis MEMS gyroscope, or a combination thereof.

{0050] The display 220 can be a touchscreen display such as a liquid crystal display
{(LCD), a thin flm transistor {TFT) display, an organic light-emitting diode {(OLED)
display, or an active-matrix organic hight-ecmitting diode {AMOLED) display. In certain
variations, the display 220 can be a retina display, a haptic touchscreen, or a combination
thereof. For example, when the client device 210 15 a smartphone, the display 220 can be
the touchsereen display of the smartphone.

{0051]  The client device 210 can refer ©o any of the listing chient device 102, the
booking client device 104, or a comhination thereof. For purposes of the present disclosure,
the client processor 212 can refer to a processor of the listing client device 102, the
booking client device 104, or a combination thereof. Morgover, the client memory 214 can
refer to a memory of the Hsting client device 102, the booking client device 104, or a
combination thereof. In addition, the client communication unif 216 can refer to a

commupnication unit of the listing chient device 102, the booking client device 104, ora

9
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combination thereof. Furthermore, the focational unit 218 can refer to a locational unit or
GPS recetver of the hsting chent deviee 102, the booking chient device 104, or a
combination thereof. Additionally, the display 220 can refer to the display of the listing
client device 102, the booking client device 104, or a combination thereof

[0052] For example, the servers 200 and client devices 210 disclosed herein can
include the type of computing systems and mobile computing devices disclosed or
discussed m U.S. Patent No. 9,305,310, the content of which 1s hereby incorporated by
reference in its entirety,

{0033] Figure 2C iHlustrates that the parking sensor 106 can include a sensor processor
224, a sensor memory 226, a sensor communication interface 228, a proximity detector
230, a portable power supply 232, or a combination thereof. In other variations, the parking
sensor 106 can include a sensor locational unit 234 having a global positioning system
{GPS) receiver, a camera nnit 236, or a combination thereof. The sensor processor 224 can
be coupled to the sensor memory 214, the sensor communication interface 228, the
proximity detector 230, the portable power supply 232, or a combination thereof through
high-speed buses 222

{0054] The sensor processor 224 can include one or more CPUs, GPUs, ASICs,
FPGAs, or a combination thereof. The sensor processor 224 can execute sofbware stoved in
the sensor memory 226 o execute the methods or operations described herein. The sensor
processor 224 can be implemented 10 8 nwnber of different manaers. For example, the
sensor processor 224 can include a processor core, a micropracessor, a logic circult, a DSP,
or a combination thereof. As a more specific example the sensor processor 224 can include
a 16-bit or 32-bit processor such as an ARM™ processor.

{B085]  The sensor mewery 226 can store software, data, logs, or a combination thereof.
in one variation, the sensor memory 226 can be an internal memory. In another variation,
the sensor memory 226 can be an external storage unit. The sensor memory 226 can be a
volatile memory or a non-volatile memory. For example, the sensor wemory 226 canbe a
nonvolatile storage such as NVRAM, Flash memory, disk storage, or a volatile storage
such as SRAM,.

{0056]  The sensor communication interface 228 can be a wired or wireless
conumunication interface. For example, the sensor communication interface 228 canbe a
network interface card of the parking sensor 106. The sensor communication miterface 228
can be a wireless modem or a wired modem. In one vaniation, the sensor commumication

verface 228 can be a8 Wil modem. In other variations, the sensor communication

18
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interface 228 can be a 3G modem, a 4G modem, an LTE modem, a Bluetooth®
component, a radio receiver, an antenng, or @ combination thereof. The parking sensor 106
can connect to or communicatively couple with the communications network 118 using the
sensor communication interface 228, The parking sensor 106 can transmit or recelve

information or messages in the form of data packets using the sensor communication

mterface 228,
{6057]  The proxinuty detector 230 can include an infrared (IR} light transcetver, an IR

distance sensor, an ulirasonic transmifter and detector, or a combination thereof. The
parking sensor 106 can use the proximity detector 230 1o detect the presence of a vehicle in
a certamn vicinity of the parking sensor 106, For example, the parking sensor 1006 can detect
that a vehicle is near the parking sensor 106 when a portion of the vehicle, such as the
chassis of the vehicle, covers or obscures the proximity detector 230 or a portion therein. In
another variation, the parking sensor 106 can detect the presence of a vehicle when a part
of the vehicle affects or interferes with a behavior of light or acoustic waves enntted,
reflected, or received by the parking sensor 106.

{{HIS8] The sensor locattional wnit 234 can mclude a GPS component such as a GPS
receiver, an inertial unit, a magnetometer, & compass, or a combination thereof. The sensor
locational unit 234 can receive GPS signals from a GPS satellite. The inertial unit can be
implemented as a multi-axis accelerometer including a three-axis accelerometer, a multi-
axis gyroscope inchuding a three-axis MEMS gyroscope, or a combination thereof. The
parking sensor 106 can also ncinde a camera unit 236. The camera unit 236 can capture
static images, video images, or a combination thereof and store the images in the sensor
memory 226.

[0059) The sensor processor 224 can be coupled to the sensor memory 226, the sensor
cominuncation interface 228, the sensor locational unit 234, the proximity detector 230,
and the camera nnit 236 through high-speed buses 238,

{0060] Figure 3A iltustrates that a listing user of the parking management system 100
can list a parking space for rent or lease by applying a user input to a new listing graphical
user mterface (GUT) 300 displayed on a listing client device 102, The listing user can hist
the parking space by applving a user input to a button or link displayed as part of the new
tisting GUY 300, The Hsting user can transmit 3 lsting request 304 1o the application
servers 110 in response to applying the user mput to the button or ink.

{0061]  The listing request 304 can be transmitted as one or more communication

packets, such as transmission control protocol {TCP) packets, containing a header and a
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payload. The listing request 304 can be received by the web servers 112, the application
servers 110, or g combination thereof and stored i the database 108,

{H62] The new listing GUI 300 can be rendered through an application 302, In one
variation, the application 302 can be written using the Xcode™ progranmming langnage, the
Swift™ programming language, or a combmnation thereof. In other vanations, the
application 302 can be written using the Java™ progranmming language, the Objective-C
programming language, or a C programming language.

{0063]  Figure 3B illustrates that the listing user can input information concerning the
parking space throvgh a listing miormation GUI 306, The hsting user can enter a type 308
of parking space, a listing focation 310, a listing price 312, an avauability window 314, ora
combination thereof. The type 308 of parking space can inclunde a driveway space, a
parking space in a restdential or commercial garage, a parking space in a parking lot, a
front vard or back yard space, a carb space, @ metered space, or a combination thereof.
[8064]  The listing location 310 can mclude an address of a residence, bullding, or other
location providing the parking space. The listing user can mannally enter a geographic
address for the histing location 310 through the hsting information GUT 306, In this case,
the application server 110 can transmit the geographic address to a map database, such as a
Geographic Information System {GIS) database or a Google Maps® database and query the
map database for positional coordinates corresponding to the geographic address. The
application server 110 can then store the positional coordinates in the database 108, In
another variation, the user can use the locational unit 218 of the listing client device 102 to
provide positional coordinates for the listing location 310 when the user is at the listing
location 310,

{8065]  The listing price 312 can include sn hourly ate or price requested by the user
for the parking space. The availability window 314 can be a time window when the parkmg
space s available for rent or lease. For example, the availability window 314 can range
from 30 minuvtes to 30 davs. The listing request 304 can inclode data concerning the type
308 of parking space, the listing location 310, the listing price 312, the availability window
314, or a combmation thereof.

{8066] In other variations, the listing request 304 can be transmitted directly from the
parking sensor 106, The parking sensor 106 can automatically transmut the listing request
304 to the application servers 116 when the parking sensor 106 detects a velucle has
departed a parking space in the vicinity of the parking sensor 106, For example, the parking

sensor 106 can be configured {o store nformation concerning the listing location 310, the
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Hsting price 312, the availability window 314, and the type 308 of histing in the sensor
memory 226, The parking sensor 106 can automatically transmit a histing request 304
containing such data or information as soon as the space is vacant. As a more specific
example, the parking sensor 106 can be a sensor embedded in a driveway of a residence
and the parking sensor 1006 can transmit the listing request 304 as soon as a vehicle
previously occupying the driveway vacates the driveway.

{0067] Figure 4A llustrates that a booking user of the parking management system 100
can reserve a parking space listed by a listing user through a reservation request GUT 400,
The booking user can reserve a parking space in a desired booking location 402 by
manuatly entering a geographic address. In addition, the booking user can apply an input to
a current location wcon 404 displaved on the reservation request GUT 400 to prompt the
locational unit 218 of the booking client device 104 to transmit the cwrrent geographic
coordinates of the booking client device 104 to the application servers 110 | the cloud-
managed database 108, or a combination thereof. Moreover, the booking user can draw a
radius boundary around a portion of a map graphic 408 displaved on the reservation request
GUT 400

{0068]  The reservation request GUT 400 can display parking space listings 406 in list
form or overlaid on the map graphic 408, Each space hstings 406 can mclade information
concerning the listing location 310, the listing price 312, or the availability window 314
associated with the space hsting 406, Once the booking user has found a desired parking
space, the booking nser can sefect the space listing 406 to place a reservation request 410,
For example, the booking user can apply a user input 1o an icon associated with the space
Histing 406 and then press a reservation button to place the reservation request 410,

[0069) Figure 4B tllustrates that the booking user can view g current status of g
reserved parking space 414 once a reservation has been placed using the parking
management system 100, The booking user can view the current status of the reservation
through a reservation status GUI 412, The reservation status GUT 412 can include a timer
416 connting down a reservation period 418, In other variations, the reservation status GUI
412 can display an accrued cost of the reservation. The booking user can apply a user input
to a departure button to transmit a status update 420 1o the parking management system 100
that a booking vehicle 422 1s either in the process of departing the reserved parking space
414 or has departed the reserved parking space 414,

{0076) In another vanation, the booking chent device 104 can receive one or more

messages ot notilications from the parking management systers 100 concerning the

o
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expiration of the reservation period 418. For example, the messages can inchude a text
messages, such as a Short Message Service (SMS) message, a Multimedia Messaging
Service (MMS) message, or a combination thereof. The messages can include a link to
prompt the booking client device 104 to open the application 302 and display the
reservation status GUI 412, The link can be a deep linking uniform resource locator (URL)
address directing the booking client device 104 to open a specific page of the application
302

{0071] o other variations, the booking vehicle 422 can be a self-driving vehicle 128
and the control unit 126 of the self-driving vehicle 128 can astomatically transmit the
reservation request 410 without input from the booking user. The reservation request 410
can inclode preset information or data concerning the parking space desired by an occupant
or owner of the self-driving vehicle 128 including a listing location 310, the listing price
312, the type 308 of listing, or 8 combination thereof. The parking management svstem 100
can receive the reservation request 410 divectly from the control unit 126 of the self-driving
vehicle 128 and parse the reservation request 410 for data or information concerning the
isting {ocation 314, the histing price 312, the type 308 of hsting, or a combination thereof.
The parking management system 100 can then filter the one or more databases 108 o
select a histing 406 matching the criteria included in the reservation regquest 410

{0072]  The parking management system 100 can also receive the status update 420
directly from the control unit 126 of the self-dniving vehicle 128 without tnpuot from the
hooking user. The status update 420 can indicate that the self-driving vehicle 128 is
departing or has departed the reserved parking space 414,

{0073 The listing client device 102, the booking client device 104, the parking sensors
1006, or a combination thereof can encrvpt requests, including a listing request 304 or g
reservation request 414, before transnntting the request. The listing client device 102, the
booking client device 104, the parking sensors 106, or a combination thereof can encrypt
the requests using an encryption protocol such as a secure hash algorithm (SHA)Y. The
encryprion protocol can be a SHA-256 hash function, a SHA-384 hash function, or any
type of SHA-2 certificate or function. The Usting client device 102, the booking client
device 104, the parking sensors 106, or a combination thereof can securely transmit the
encrypted request over the communications network 118 to servers or other devices in the
computing cloud 122,

{0074]  Figure 5 illustrates that the parking management system 100 can query g

parking sensor 106 10 a vicmity of the reserved parking space 414 in response to the statug
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update 420 received from the booking chent device 104 to confirm an occupangcy status of
the booking vehicle 422, For example, the application server 110 can ping the parking
sensor 106 and request the last proxinuty measurement from the sensor memory 226, The
application server 100 can also ping the parking sensor 106 to activate the proximity
detector 230 of the parking sensor 106 and query the parking sensor 106 for a real-time
ProxXumity measuremsnt.

{0075] In another vanation, the parking management system 100 can activate the
camera unit 236 of the parking sensor 106 and astruct the camera unit 236 to capture
images of the environment surrounding the reserved parking space 414, The parking sensor
100 can then transmit the images to the one or more application servers 110 for analysis by
an hmage recognition protocol executed by the one or more processors 202,

g client device 102 or

pot

{0076]  In vanations where the parking sensor 106 refers to a listin
portions therein, the application servers 110 can transmit one or more messages to the
fisting client device 102 to confirm that the booking vehicle 422 has departed the reserved
parking space 414,

{77 Figure 6A illustrates that the database 108 can store i one ov more database
tables 600 positional data 602 concerning a listing location 310. The one or more databases
108 can include a clowd managed SQL database such as Microsoft Azure® database. The
one or more databases 108 can be stored in a memory 204 of the computing cloud 122.
{8078] One or more servers responsible for masaging the database 108 can receive the
positional data 602 from a map database, such as a Google Maps® database, after querving
the map database with a geographic address received from the booking client device 104
In other variations, the web servers 112, the application servers 110, or a combination
thergof can recetve the posinional data 602 divectly from the locational umt 218 of the
booking client device 104,

16079] The positional data 602 can include latitudinal and longitudinal coordinates. For
example, the positional data 602 can include latitude and longitude coordinates in the
Universal Traverse Mercator (UTM) coordinate systen.

{080]  The database 108 can store the positional data 602 concemning the listing
focation 310 in one or more listing database tables 604, The application servers 110 can
also parse the listing request 304 received from the booking client device 104, the control
unit 126 of the self~drrving vehicle 128, or a combination thereof and store data or
nformation concerning the type 308 of parking space, the listing price 312, the availability

window 314, or a combination thereof in the listing database tables 604.
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[0081]  Figure 6B illostrates that the daabase 108 can also include oneg or more
reservation database tables 606, The reservation database tables 606 can include data or
mformation obtained from the reservation request 410 mcluding the type 308 of parking
space, the reservation period 418, positional data 602 concerning the reserved parking
space 414, or a combination thereof. The reservation database tables 606 can also include
data or information concerning an cccupancy status 608 of the reserved parking space 414,
a buffer period 610, andfor an actual parking time 614 based on timestamps 612 received
from the listing client device 102 or the parking sensors 106,

{0082] The parking managemernt svstent 100 can deternune the occupancy status 608
of a reserved parking space 414 by querving or pinging one or more parking sensors 106 in
a vicinity of the reserved parking space 414 In another vanation, the parking management
system 100 can determine the occupancy status 608 of a reserved parking space 414 by
recetving a confirmation signal or message from a listing client device 102, For example,
the parking management system 100 can transnut a text message to the listing client device
102 containing a link directing the listing user to confirm that a booking vehicle 422 has
vacated the reserved parking space 414.

{0083]  The parking management system 100 can also add a buffer period 610 to the
reservation period 418 of a reservation request 410 stored in the reservation database tables
606. The parking management system 100 can set the buffer period 610 based on the length
of the reservation period 418, For example, the parking management system 100 can set the
buffer period 610 as half the length of the reservation period 418 initially requested by a
booking user. In another variation, the parking management sytem100 can automatically
set a buffer period 610 of one hour for all reservations exceeding 30 mmutes.

{0084] The parking management system 100 can peraut the booking user 1o extend the
reservation period 418 up to the end of the buffer period 610. For example, when a bookmg
user initially requests a reservation period 418 of one hour, the parking management
system 100 can automatically set the buffer period 610 for this reservation as 30 nunutes.
In this case, the parking management system 100 can allow the booking user to park the
user's vehicle w the reserved parking space 414 for up to 1.5 howrs. The parking
management system 100 can charge the booking user an additional fee for the extension.
Upon reaching the end of the buffer period 610, the parking management system 100 can
prevent the booking user from extending the reservation period 418 any longer and require

the booking user to initiate a new reservation reguest 410,
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{0085]  When a buffer periad 610 13 added to a reservation period 418, the parking
management system 100 can ensore the histing 406 does not appear as an eniry in any
database tables listing avatlable or unoccupied parking spaces during the pendency of the
reservation period 418 and the buffer period 610, The parking management system 100 can
add a buffer period 610 to all reservation requests 410 received from booking client devices
104 and/or the control units 126 of all self-driving vehicles 128,

{6086]  The databases 108 can also store timestamps 612 received from Listing client
devices 102, booking client devices 104, parking sensors 100, or a combination thereof.
The listing client devices 102, the parking sensors 106, or a combination thereof can
transmit timestamps 612 in connection with the transmission of Hsting requests 304, The
booking client devices 104 can transmit timestamps 612 in connection with the
transmission of reservation requests 410, The parking sensors 106, the listing client devices
102, or a combination thereof can also transmit timestamps 612 in connection with the
transmission of status updates 420 or when the occupancy status 608 of a reserved parking
space 414 changes.

{18 7] The reservation database table 606 can also store actual parking times 614 based
on the imestamps 612 received. The parking management system 100 can determine the
actual parking times 614 based on timestamps 612 received when a booking vehicle 422
occupies the reserved parking space 414 and the same booking vehicle 422 vacates the
reserved parking space 414, The actunl packing times 614 can differ from the reservation
periods 418 mclnded n the reservation requests 410,

10088] The database tables 600 can also keep track of a listing count 616 and a
reservation count 618, The listing count 616 can correspond to the number or amount of
parking spaces histed using the parking management system 100 during @ given time
pertod. The reservation count 618 can correspond to the number or amount of parking
spaces reserved using the parking management system 100 during a given time period. For
example, the listing count 616 can correspond to the number of listing requests 304
recetved by the parking management system 100 within a given time period. The
reservation count 618 can correspond to the number of veservation reguests 410 recetved
by the parking management system 100 within a given time period. The parking
management system 100 can continuously update the one or more database tables 600,
including the listing count 616 and the reservation count 6138, based on the number of

listing reguests 304 and the number of reservation requests 410 received.
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{0089]  Figure 7 illustrates that one or more processors 202 of the parking management
syster 100 can execute conputer-readable instructions stored in a memory 204 of the
computing cloud 122 in order to determine a recommended list price 700. The parking
management system 100 can determine the reconmended list price 700 in response 1o a
listing request 304 received from a Histing client device 102.

[0090]  The parking management system 100 can determine the recommended list price
700 by first establishing a radius boundary 702 based on the positional data 602 received
from the listing client device 102, The parking management system 100 can retrieve the
positional data 602 stored in the one or more databases 108 and establish the radius
boundary 702 using the coordinates of the position data 602 as the center point. For
example, the parking management system 100 can establish the radius boundary 702 as the
boundary or demarcation of a one mile or one kilometer radius. The parking management
system 100 can set the size of the radius boundary 702 based on a geographic criterion such
as a size of the mumcipahity or geographic region in which the posittonal data 602 1s
focated. The parking management system 100 can also adjust the radius boundary 702
based on a time-of-day, a day-of-the~-week, a month, a season, or a combination thereof
{0091]  The parking management system 100 can then filter the one or more databases
108 using the radius boundary 702 and a preset time period 704, The preset time perniod
704 can range from 10 minntes to 10 davs. In other variations, the preset time period 704
can be more than 10 days. The preset time pertod 704 can be adjusted by an adminisivator
of the parking management system 100. The parking management system 100 can filter the
one or more listing database tables 604 using the radius boundary 702 and the positional
data 602 of all other histing requests 304 recetved within the preset time period 704 to
deternune the listing count 616, The parking management svstem 100 can also filter the
one or more reservation database tables 606 using the radius boundary 702 and the
positional data 602 of all reservation requests 410 recetved within the preset time period
704 to determuine the reservation count 618,

{0092]  The parking management system 100 can then calculate a fransaction rate 706
using the listing count 616 and the reservation count 618, The transaction rate 706 can be
caleulated by summing the listing count 616 and the reservation count 618, The transaction
rate 706 can be calculated by summing the listing count 616 and the reservation count 618
to yield a total count and then dividing the total count by the preset time period 704, The
transaction rate 706 can also be equivalent to enther the reservation count 618 or the listing

count 616, The parking management system 100 can store the transaction rate 706 in one or
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more database tables 600 and update the wansaction rate 706 as new listing requests 304
are received.

{0093]  The transaction rate 706 can alse be caleulated by taking a ratio of the
reservation count 618 and the listing count 616 and or by dividing the reservation count
618 by the histing count 616. The parking management system 10{ can alse calculate the
transaction rate 706 by adding the ratio of the reservation count 618 and the Hsting count
616 to any of the listing count 616, the reservation count 6183, or a sum thereof,

{0094]  The parking management svstem 100 can then calculate a listing multiplier 708
using the transaction rate 706, The parking management system 100 can calealate the
Hsting multiplier 708 by applying a first logarithnie function 710 o the transaction rate
706 when the tansaction rate 706 exceeds a first rate threshold 712, For example, the first
rate threshold 712 can be a rate of 10 histings and/or requests per minute and the parking
management system 100 can apply a logy, function to the transaction rate 706 when the
transaction rate 700 exceeds the first rate threshold 712, When the transaction rate 706 does
not exceed the first rate threshold 712, the parking management system 100 can apply a
second logarithnue function 714 {o the transaction rate 706 when the transaction rate 706
exceeds a second rate threshold 716. The first rate threshold 712 can be different from the
second rate threshold 716, For example, the fivst rate threshold 712 can be greater than the
second rate threshold 716. The second logarithmic function 714 can be a natural log
function,

{0095] The parking management svstem 100 can determine the recommended listing
price 700 by multiplving the Hlisting multiplier 708 by an average listing price 718, The
parking management system 100 can caleolate the average histing price 718 by takiog an
average of the Hsting prices 312 stored m the filtered instance of the hsting database tables
604, After calculating the recommended listing price 700, the application servers 11{ can
transmit the recommended histing price 700 to the listing client device 102 over the
comumuications network HE

{0096]  The parking management system 100 can also determine an average park time
720 based on the actual parking tmes 614 stored in the filtered tnstance of the reservation
database table 606. The parking management svstem 100 can then transmit a recommended
availability time 724 1o the listing client device 102 eguivalent to the average park time
720. in other variations, the parking management system 100 can multiply the average park

time 720 by a multiplier to yield the recommended availability time 724,
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[8097]  The parking management system 100 can also ensure a booking user does not
abuse the system by occupying a reserved parking space 414 past the end of the reservation
pertod 418 The parking management system 100 can receive, over the comnumications
network 118, a status update 420 concerning a departure or upcoming departure of a
booking vehicle 422 from a reserved parking space 414,

{0098]  The parking management system 100 can determine a real-time position of the
booking client device 104 associated with the booking vehicle 422 in response 10 receiving
the status update 420. The parking management system 100 can determing a real-time
position 724 of the booking client device 104 by querving a map database such as a Google
Maps® database. In another variation, the parking management system 100 can determine
a real-time position 724 of the booking client device 104 by direcily tracking a locational
unit 218 of the booking client device 104,

16099] When the real-time position 724 of the booking client device 104 isnoting
vicimty of the histing location 310 of the reserved parking space 414, such as when the
booking client device 104 is outside the radius boundary 702, the parking management
system H can query the parking sensor 106 in the vicimity of the reserved parking space
414 to confirm the occupancy status 608 of the reserved parking space 414. In another
variation, the parking management system 100 can query the listing client device 102 10
confirm the occupancy status 608 of the reserved parking space 414 by requesting the
listing user enter a user iaput 1o confivm the departure of the booking vehicle 422, Tn other
variarions, when the booking vehicle 422 is a self-driving vehicle 128, the parking
management system 100 can ping the control unit 126 of the self-driving vehicle 128 fora
real-time position of the self-driving vehicle 128,

{0106] The parking management system 100 can calculate a penalty rate 726 using a
penalty multiplier 728 In one variation, the penalty multiplier 728 can be equivalent to the
listing multiplier 708, In other variations, the penalty multiplier 728 can be greater than the
histing multiplier 708, such as double the value of the listing muduplier 708, The parking
management system 100 can calculate the penalty rate 726 by multiplying the listing price
312 by the penalty maltiplier 728, The parking mavagement svstem 100 can transiit, over
the communications network 118, the penalty rate 726 to the booking client device 104, the
fisting chient device 102, or a combination thereof.

{0101] Figure 8 illustrates that the parking management system 100 can determine a
causal pomt-of-intersst {POI} 800 using the transaction rate 700 and positional data 602

mecluded in the hsting requests 304 and reservation requests 410 received by the parking
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management system 100 within a preset time period 704. The parking management system
100 can determune the causal POL 800 when the transaction rate 706 within a certain radius
boundary 702 exceeds a rate threshold such as five or ten listings and/or requests per
minute. The radius boundary 702 can be established when the parking management system
100 recetves the first listing request 304 or reservation request 410.

{0102]  The causal POI 800 can be a location or venue causing a surge or sudden
merease in demand for parking within a vicinity of the causal POI 800. For example, the
causal POI 800 can include a sports stadinm, a concert hall, a nightclub, a movie theater, a
musenm, or & restaurant. The causal POI 800 can also mclude & location of an event such
as a site of a farmer’s market, a political gathering, or a parade route.

j0103] The parking management system 100 can determine the causal POL 800 by
calculating a centroud of a polvgon created by the positional coordinates of listing reguests
304 or reservation requests 410 received within 8 preset time period 704, For example,
three reservation requests 410 can be received within a 60 second period and the parking
management system 100 can calculate the centroid of a triangle having vertices at the three
desired booking locations 402 included in the three reservation requests 410,

{0104]  The parking management system 100 can also determine the causal POI 800
using a request trajectory 802, The request trajectory 802 can be the trajectory or direction
of travel of a vehicle or other mode of transportation carrving 8 booking client device 104,
i other vaniations, the request trajectory 302 can be the trajectory or direction of ravel of a
self-driving vehicle 128 transmitting a reservation reguest 410.

{0105] When the parking management system 100 determines the location of the causal
PO 800, the parking management system 100 can send one or more notifications,
messages, or alerts to user client devices in the vicinity of the causal POI 800 1o alert such
users to list their parking spaces using the parking management system 100, The parking
management system 100 can send notifications, messages, or alerts to client devices of
users who have previously listed their parking spaces using the parking management
system 100. The parking management system 100 can also send notifications, messages, or
alerts to user client devices along the request trajectory 802 or along a route leading 1o the
causal POI 800

{0106] Figure 9 illustrates that a computer-implemented method 900 of managing
parking reservations over the communications network 118 can nchude recerving, m one or
more databases 108 stored in one or more memory units 204, positional data 602

concerning a hsting location 310. The positional data 602 or address of the listing location
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310 can be transonitted by a listing client device 102 in step 902, The positional data 602 or
atddress of the listing location 310 can also be transmutied by a parking sensor 106 1w step
304, When the histing client device 102 or parking sensor 106 transmits an address, the
application servers 110 can query a map or GIS database for the positional coordinates of
the address i step 906, The application servers 110 can interact with the map or GIS
database through a map API such as the Google Maps® APL

{0107] The method 900 can also mclude establishing, using one or more processors
202, a radius boundary 702 based on the positional data 602 stored in the one or more
databases 108 in step 908. The method 900 can also include filtering, using the one or more
processors 202, the one or more databases 108 using the radius boundary 702 1o determine
the listing count 616 representing an amount of parking spaces listed and the reservation
count 618 representing the amount of parking spaces reserved within a preset time period
704 1 step 910,

{0108]  The method 900 can also melude calculating, nsing the one or more processors
108, a transaction rate 706 using the listing count 616, the reservation count 618, and the
preset time pertod 704 and storing the transaction rate 706 in the one or more databases 108
i step 912, The method 900 can also mclude calculating an average listing price 718 in
step 914, The method 900 can also include calculating » listing multiplier 708 in step 916.
The method 900 can include determining, using the one or more processors 108, a
recommended lsting price 700 based on the average Usting price 718 and the lsting
multiplier 708. The method 900 can include transmitting the recomymended listing price
700 to the listing client device 102 over the communications network 118 in step 920
{0109] The method 900 can also include the application servers 110 receiving a status
update 420 concerning the departure of a booking vehicle 422 from a reserved parking
space 414. For example, a booking client device 104 can transmit the status update 428 in
step 922, The method 900 can include determining a real-time position 724 of the booking
client device 104 in response to receiving the status update 420 in step 924, The method
B00 can also include querying a parking sensor 106 in the vicinity of the reserved parking
space 414 m response to the status update to confirm an occnpancy status 608 ot the
reserved parking space 414 in step 926, The method 900 can also include calculating a
penalty rate 726 using a penalty multiplier 728 when the system determines the booking
vehicle 422 has overstayed the end of the reservation period 418 m step 928.

{0110]  The system and methods described heretn provides an improvement in the way

parking data or information 15 managed and stored in a cloud managed database. In
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addition, by calculating a recommended histing price 700 based on a transaction rate 706
corresponding to the rate at which parking histings are added and reservation requests are
received, the system provides an inprovement In the field of parking management bevond
recommending prices based on static mventory levels.

{0111} A number of vartations have been described. Nevertheless, it will be understood
by one of ordinary skill in the art that various modifications may be made without
departing from the spirit and scope of the variations. In addition, the flowcharts or logic
flows depicted in the figures do not require the particular order shown, or sequential order,
to achieve destrable resulis. In addition, other steps or operations may be provided, or steps
or operations may be eliminated, from the described flows, and other components may be
added to, or removed from, the described systems. Accordingly, other varations are within
the scope of the following claims.

10112] It will be understood by one of ordinary skill in the art that the various methods
disclosed herein may be embodied in a non-transttory readable mediom, machmne-readable
medium, andfor a machine accessible medium comprising instructions compatible,
readable, andfor executable by a processor or processing anit of a machine, device, or
computing device. The structures and modudes in the figures may be shown as distinet and
conumunicating with only a few specific structures and not others. The structures may be
merged with gach other, may perform overlapping functions, and may communicate with
other structures not shown to be connected m the figures. Accordingly, the specification

and/or drawings may be regarded in an illnstrative rather than a restrictive sense.
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CLAIMS
We claim;
b A computer-implemented method of managing parking reservations over a
commuanications network, the method comprising:
receiving, i one or more databases stored i one of MOre MEMOTY uns, positional
data concermung a listing location;
establishing, using one or more processors of a computing system, a radius
boundary based on the positional data stored i the one or more databases;
filtering, using the one or more processors, the one or more databases using the
radius boundary to determine an amount of parking spaces histed and the
amount of parking spaces reserved within a preset time period,;
calenlating, using the one or more processors, a transaction rate using the amount of
parking spaces histed, the amount of parking spaces reserved, and the preset
tme period and storing the transaction rate in the one or more databases;
determining, using the one or more processors, a recommended listing price based
on the fransaction rate; and
transmitting, over the comnumications network using one or mote conuBuication

interfaces, the recommended histing price to a histing chent device.

b2

The computer-implemented method of ¢laim 1, further comprising:

recetving, over the commumcations network, one or more hsting requests from one
or more parking sensors;

receiving, over the communications network, one or more reservation requests from
at teast one of one or more booking chient devices and one or more control unis
of a selfedriving vehicle; and

updating, using the one or more processors, the amount of parking spaces lsted and
the amount of parking spaces reserved in the one or more databases using the
one or more isting requests and the one or more reservation requests.

3. The computer-implemented method of claim 2, wherein the one or more parking

SENSOLS comprise a proximity detector, one Of MOTE SENSOT PrOCEssSors, 8 Sensor

communication imerface, and a portable power supply.

4. The computer-implemented method of claim 2, further comprising adding, using

the one or more processors, a buffer pertod 1o a reservation period in response to

receiving the reservation request from at least one of the booking client device and the

control unit of the self-driving vebicle.
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5. The computer-implemented method of elaim 1, further comprising:
calenlating, using the one or more processors, an average listing price based on
fisting prices stored in the one or more databases prior to determming the
recommended listing price; and
determining, using the one or more processors, the recommended list price by
calculating a listing multiplier nsing the transaction rate stored in the one or
more databases and multiplving the histing multiplier by the average listing
price.
6. The computer-implemented method of claim 5, wherein calenlating the lsting
multiplier includes applving, using the one or more processors, a logarithmic fanction
to the transaction rate stored in the one or more databases when the transaction rate
exceeds a rate threshold.
7. The computer-implemented method of claim 1, further comprising:
receiving tmestamp data from one or more sensors m a vicinity of the listing
focation and storing the timestamp data in the one or more databases;
deternmning, using the one or more processors, an average park time using the
timestamp data; and
transtmitiing, over the communuications network using the one or more
communication interfaces, a recommended availability time caleulated using the
average patk time to the listing client device,
8. The computer-implemented method of claim 7, wheremn the one or more sensors
comprise a positioning unit of at least one of one or more booking client devices and
one or more control unis of a sell~driving vehicle.
9. The computer-implemented method of clamm 1, further comprising:
receiving, over the communications network, a status update from a booking client
device concerning an upcoming departure of a vehicle ocoupying a reserved
parking space;
determining a real-ime position of the booking client device in response to
receiving the status update; and
querving a parking sensor in a vicinity of the reserved parking space in response to
the status update received from the booking client device 1o confirm an
occupancy status of the reserved parking space.

10, The computer-implemented method of clamm 9, further comprising:
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calculating a penalty muluplier using the transaction rate based on the eccupancy
statas of the reserved parking;
caleulating a penalty rate using the penalty muitiphier and a listing price; and
transmitting, over the communications network, the penalty rate to at least one of
the booking chient device and the listing client device.
PO A computing system 1o manage parking reservations over a commugications
network, the system comprising:
one oF more communication mterfaces;
ONE Of MIOTE MENOTY UNHS;
ONe oF MOTe Processors executing computer-readable instructions stored in the one
OF O emory Qs to:
recerve, in one of more databases stored i the one oy more memory wmts,
posttional data concerning a listing location;
establish a radius boundary based on the positional data stored in the one or
more databases;
filter the one or more databases using the radius boundary to determine an
amount of parking spaces listed and the amouat of parking spaces
reserved within a preset time period;
calculate a transaction rate using the amount of parking spaces listed, the
amount of parking spaces reserved, and the preset time period and
storing the transaction rate in the one or more databases;
determine a recommended listing price based on the transaction rate; and
transmit, over the communications network using the one or more
commupication interfaces, the reconnuended listing price to a listing
chent device.
12. The system of claim 11, further comprising:
one or more parking sensors;
wherein the ong or more processors further execute computer-readable tastructions
10!
receive, over the communications network, one or mors listing requests
from the one or more parking sensors;
receive, over the communications network, one or more reservaion requests
from at least one of one or more booking client devices and one or more

control waits of a self-driving vehicle; and
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update the amount of parking spaces listed and the amount of parking lists
reserved in the one or more databases using the one or more hsting
requests and the one or more reservation requests.
13. The system of claim 12, wheremn the one or more parking sensors comprise:
a proxunity detector;
ONe OF MOTES SLNSOL PIOCESSOrs;
a sensor communication nterface; and
a portable power supply.
14, The system of claim 12, wherein the one or more processors further execute
computer-readable instructions to add a buffer period © a reservation period in
response 1o receiving the reservation request from at least one of the booking chient
device and the control unit of the self-driving vehicle.
15, The system of claim 11, wherein the one or more processors further execyte
computer-readable instructions to:
calenlate an average Hsting price based on listing prices stored in the one or more
databases prior to deternuning the recommmended listing price; and
deternnine the recommended hst price by calculating a listing muliiplier using the
transaction rate stored m the one or more databases and multiplying the listing
muitiplier by the average listing price.
16. The svstern of claim 15, wherein the one or more processors further execute
computer-readable instructions 1o calculate the listing multiplier by applving a
logarithmic function to the transaction rate stored in the one or more databases when
the transaction rale exceeds a rate threshold.
17, The system of claim |1, wherein the one or more processors further execute
computer-readable Instructions to:
receive timestamp data from one or more sensors i a vicinity of the listing location
and storing the timestamp data in the one or more databases;
determine an average park time using the timestamyp data; and
fransmit, over the communications setwork using the one or more communication
interfaces, a recommended availability time caleulated using the average park
time to the listing client device.
18, The system of claim 17, wherein the one or more sensors comprise a positioning
unit of at least one of one or more booking chent devices and one or more control units

o

of a self~driving vehicle.
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19, The system of claim 11, wherein the one or more processors further executs
computer~readable instructions to:
receive, over the communications network, a status update from a booking client
device concerning a departure status of a vehicle ocoupying a reserved parking
space;
determing a real-time position of the booking chient device in response 1o receiving
the status update; and
query a parking sensor in a vicinity of the reserved parking space in response to the
status update recetved from the booking client device to confirm an occupancy
status of the reserved parking space.
20, The system of claim 19, wherein the one or more processors hurther execute
computer-readable instructions to:
calculate a penalty multiplier using the transaction rate based on the cccupancy
status of the reserved parking;
calenlate a penalty rate using the penalty multiplier and a listing price; and
transmit, over the communications network, the penalty rate 1o at least one of the
booking client device and the listing client device.
21. A non-transitory computer readable medium comprising computer executable
mstructions stored thereon executed by one or more processors, wherein the
HStructions comprise;
receiving, in one or more databases stored in ong Of MOTe MEMOry units, positional
data concenung a listing location;
establishing, using the one or more processors of a computing system, a radius
boundary based on the positional data stored in the one or more databases;
filtering, using the one or more processors, the one or more databases using the
radius boundary to determine an amount of parking spaces listed and the
amount of parking spaces reserved within a preset time period;
calcolating, using the ong or more processors, a transaction rate using the amount of
parking spaces histed, the amount of parking spaces reserved, and the preset
time period and storing the transaction rate in the one or more databases;
determining, using the one or more processors, a recommended listing price based
on the transaction rate; and
transmitting, over the communications network using one or more communication

interfaces, the recommended Hsting price to a listing client device.

28
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22. The non-transitory computer readable medivm of claim 21, wherein the mstructions
further comprise:
recetving, over the commumcations netwerk, one or more histing requests from ong
or more parking sensors;
receiving, over the communications network, one or more reservation requests from
at teast one of one or more booking client devices and one or more control units
of a selfudriving vehicle; and
updating, using the one or more processors, the anouns of parking spaces listed and
the gmount of parking hsts reserved in the one or more databases using the one
or more listing requests and the one or more reservation requests.
23, The non-trapsitory computer readable medium of claim 22, wherein the one or
more parking sensors comprise a proximity detector, one Or More SeRSOY Processors, a
sensor communication interface, and a portable power supply.
24. The non-transitory computer readable medium of claim 22, wherein the mstructions
further comprise adding, using the one or more processors, a buffer period 1o a
reservation period n response to recetving the reservation request from at least one of
the booking client device and the conirol unit of the self-driving velucle.
25. The non-transitory computer readable mediom of clamm 21, wherein the instructions
further comprise:
calenlating, using the one or more processors, an average listing price based on
listing prices stored in the one or more databases prior 10 determining the
recommended listing price; and
determining, using the one or more processors, the recommended list price by
calculating a listing multiplier using the transaction rate stored 1 the one or
mere databases and multiplying the listing multiplier by the average listing
price.
26. The non-transitory computer readable mediom of claim 25, wheren the instructions
further comprise calculating the listing multiplier includes applying, using the one or
more processors, a logarithmic function to the transaction rate stored in the one or more
databases when the transaction rate exceeds a rate threshold.
27. The non-transitory computer readable medium of claim 21, wherein the instructions
further comprise:
receiving timestamp data from one or more sensors 1w a viciaity of the listing

tocation and storing the timestamyp data in the one or more databases;
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determining, using the one or more processors, an average park tume using the
timestamp data; and
fransmitting, over the communications network using the one or more
communication interfaces, a reconunended availability time calculated uvsing the
average park time to the histing client device.
28, The non-transitory computer readable medium of claim 27, wherein the one or
MOore Sensers comprise a positioning unit of at least one of one or more booking client
devices and one or more control units of a self-driving vehicle.
29, The non-transiory computer readable mediom of clamm 21, wherein the tnstructions
further comprise:
recetving, over the communications network, a status update from a bookimg client
device concerning an upcoming departure of a vehicle occupying a reserved
parking space;
determining a real-time position of the booking client device in response to
receiving the status npdate; and
querymg a parking sensor m a vicimty of the reserved parking space in response to
the status update received from the booking client device to confirm an
occupancy status of the reserved parking space.
30, The non-transitory computer readable medium of claim 29, wherein the instructions
further comprise:
calculating a penalty multiplier nsing the transaction rate based on the occupancy
status of the reserved parking;
calculating a penalty rate using the penalty multiplier and a listing price; and
ransmitting, over the communications network, the penalty rate to at least one of

the booking chient device and the listing client device.
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