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SYSTEMS AND METHODS FOR VEHICLE RIDESHARING

Cross References to Related Applications

[001] This application claims the benefit of priority of United States Provisional Patent
Application No. 62/450,239, filed January 25, 2017; United States Provisional Patent Application
No. 62/500,109, filed May 2, 2017; and United States Provisional Patent Application No. 62/537,155,
filed July 26, 2017. All of the foregoing applications are incorporated herein by reference in their entirety.
BACKGROUND '

L Technical Field
[002] The present disclosure generally relates to the field of vehicle ridesharing and systems
and methods for ridesharing management.

1L Background Information

[003] Recent years have witnessed increasing interest and development in the field of vehicle
sharing, where one or more riders may share the same vehicle for a portion of their rides. Ridesharing
may save ride costs, increase vehicle utilization, and reduce air pollution. A rider may use a ridesharing
service through a ridesharing service application accessed by the rider’s mobile device.

SUMMARY

[004] Embodiments consistent with the present disclosure provide systems and methods for
vehicle ridesharing and for managing a fleet of ridesharing vehicles. For example, consistent with the
disclosed embodiments, the fleet of ridesharing vehicles may include more than 10 ridesharing vehicles,
more than 100 ridesharing vehicles, or more than 1000 ridesharing vehicles that pick-up multiple users
and drop them off at locations proximate but other than their desired destinations.

[005] In one embodiment, a system for managing a fleet of ridesharing vehicles may comprise
a communications interface configured to receive requests for shared rides from a plurality of users;
memory configured to store indications of passenger-capacity for specific ridesharing vehicles in the
fleet; and at least one processor configured to receive information from the communications interface,
access the memory. The at least one processor may be further configured to assign, to ridesharing
vehicles already transporting users, additional users for simultaneous transportation in the ridesharing
vehicles; track a current utilized capacity of each specific ridesharing vehicle; and implement a threshold
block that prevents assignment of additional users to a ridesharing vehicle when the ridesharing vehicle’s
current utilized capacity is above a threshold being less than the ridesharing vehicle’s passenger-capacity.

[006] In another embodiment, a computer-implemented method for managing a fleet of
ridesharing vehicles may comprise assigning, to ridesharing vehicles already transporting users,
additional users for simultaneous transportation in the ridesharing vehicles; tracking a current utilized
capacity of each specific ridesharing vehicle; and implementing a threshold block that prevents
assignment of additional users to a ridesharing vehicle when the ridesharing vehicle’s current utilized
capacity is above a threshold being less than the ridesharing vehicle’s passenger-capacity.

[007] In one embodiment, an automated ridesharing dispatch system may comprise a

communications interface configured to receive ride requests from a first plurality of communication
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devices associated with a plurality of users and receive location information from a second plurality of
communication devices associated with a plurality of ridesharing vehicles. Each ride request may include
a starting point and a desired destination corresponding to each of the plurality of users. The system may
further comprise at least one processor configured to assign a first ridesharing vehicle to pick-up a first
group of the plurality of users and determine pick-up locations for the first group of users. For at least
some of the first group of users, the determined pick-up locations may differ from the starting points. The
at least one processor may be further configured to send data to the at least some of the first group of
users to guide each user to a respective pick-up location different from a corresponding starting point of
each said user; use information received from a first communications device of a first user to predict
when the first user will arrive the assigned first pick-up location; prior to the first user arriving at a first
pick-up location, cancel the assignment of the first ridesharing vehicle to the first user while maintaining
the assignment of the first ridesharing vehicle to others of the first group of users; predict when a second
ridesharing vehicle may pass the first pick-up location; compare the predicted passing time of the second
ridesharing vehicle with the arrival time of the first user; and re-assign the first user to the second
ridesharing vehicle when the predicted passing time is after the predicted arrival time.

[008] In another embodiment, a computer-implemented method for automatically dispatching
ridesharing vehicles may comprise receiving ride requests from a first plurality of communication devices
associated with a plurality of users and receiving location information from a second plurality of
communication devices associated with a plurality of ridesharing vehicles. Each ride request may include
a starting point and a desired destination corresponding to each of the plurality of users. The method may
further comprise assigning a first ridesharing vehicle to pick-up a first group of the plurality of users and
determining pick-up locations for the first group of users. For at least some of the first group of users, the
determined pick-up locations may differ from the starting points. The method may further comprise
sending data to the at least some of the first group of users to guide each user to a respective pick-up
location different from a corresponding starting point of each said user; using information received from a
first communications device of a first user to predict when the first user will arrive the assigned first pick-
up location; prior to the first user arriving at a first pick-up location, cancelling the assignment of the first
ridesharing vehicle to the first user while maintaining the assignment of the first ridesharing vehicle to
others of the first group of users; predicting when a second ridesharing vehicle may pass the first pick-up
location; comparing the predicted passing time of the second ridesharing vehicle with the arrival time of
the first user; and re-assigning the first user to the second ridesharing vehicle when the predicted passing
time is after the predicted arrival time.

[009] - In one embodiment, an automated ridesharing dispatch system may comprise a
communications interface configured to receive ride requests from a first plurality of communication
devices associated with a plurality of users, wherein each ride request includes a starting point and a
desired destination corresponding to each of the plurality of users; receive location information from a
second plurality of communication devices associated with a plurality of ridesharing vehicles; and at least

one processor. The at least one processor may be configured to: assign a first ridesharing vehicle to pick-
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up a group of the plurality of users; determine pick-up locations for the group of users, wherein for at
least some of the group of the plurality of users, the determined pick-up locations differ from the starting
points; send data to the group of the plurality of users indicating appointed pick-up times at the
determined pick-up locations; use information received from at least one of the plurality of ridesharing
vehicles to predict when the first ridesharing vehicle will arrive to a first pick-up location assigned to a
first user; prior to a first pick-up time associated with the first user, estimate that the first ridesharing
vehicle is going to be late to the first pick-up location by more than a time threshold; identify a second
ridesharing vehicle to be assigned to pick-up the first user; cancel the assignment of the first ridesharing
vehicle to the first user while maintaining the assignment of the first ridesharing vehicle to others of the
group of the plurality of users; and assign the second ridesharing vehicle to pick up the first user.

[010] In one embodiment, a system for managing a fleet of ridesharing vehicles may comprise
a communications interface configured to receive requests for shared rides from a plurality of users and at
least one processor. The at least one processor may be configured to identify a first ridesharing vehicle
and a second ridesharing vehicle that are currently without passengers and receive, via the
communications interface, a first request for a shared ride from a first user. The first request may include
information related to a first pick-up location of the first user and a first desired destination of the first
user. The at least one processor may be further configured to receive, via the communications interface, a

second request for a shared ride from a second user. The second request may include information related

to a second pick-up location of the second user and a second desired destination of the second user. The at

least one processor may be further configured to assign the first user and the second user to the first
ridesharing vehicle; generate a route to the first ridesharing vehicle for picking up and dropping off each
of the first user and the second user; and receive, via the communications interface, a third request for a
shared ride from a third user. The third request may include information related to a third pick-up location
of the third user and a third desired destination of the third user. The at least one processor may be further
configured to calculate a first expected arrival time of the first ridesharing vehicle at the third pick-up
location and calculate a second expected arrival time of the second ridesharing vehicle at the third pick-up
location. The second expected arrival time may be sooner than the first expected arrival time. The at least
one processor may be further configured to, when both the first expected arrival time and the second
expected arrival time are below a predetermined threshold, assign the third user to the first ridesharing
vehicle; and_generate an updated route for the first ridesharing vehicle to pick-up the third user.

[011] In another embodiment, a method for managing a fleet of ridesharing vehicles may
comprise receiving requests for shared rides from a plurality of users; identifying a first ridesharing
vehicle and a second ridesharing vehicle that are currently without passengers; and receiving, via a
communications interface, a first request for a shared ride from a first user. The first request may include
information related to a first pick-up location of the first user and a first desired destination of the first
user. The method may further comprise receiving, via the communications interface, a second request for
a shared ride from a second user. The second request may include information related to a second pick-up

location of the second user and a second desired destination of the second user. The method may further
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comprise assigning the first user and the second user to the first ridesharing vehicle; generating a route to
the first ridesharing vehicle for picking up and dropping off each of the first user and the second user; and
receiving, via the communications interface, a third request for a shared ride from a third user. The third
request may include information related to a third pick-up location of the third user and a third desired
destination of the third user. The method may further comprise calculating a first expected arrival time of
the first ridesharing vehicle at the third pick-up location and calculating a second expected arrival time of
the second ridesharing vehicle at the third pick-up location. The second expected arrival time may be
sooner than the first expected arrival time. The method may further comprise, when both the first
expected arrival time and the second expected arrival time are below a predetermined threshold, assigning
the third user to the first ridesharing vehicle; and_generating an updated route for the first ridesharing
vehicle to pick-up the third user.

[012] In one embodiment, an automated ridesharing dispatch system includes memory
configured to store historical data associated with past demand for ridesharing vehicles in a geographical
area, a communications interface, and at least one processor configured to access the memory. The at
least one processor is configured to use the historical data to predict imminent demand of ridesharing
requests including predicting general zones in the geographical area associated with imminent demand
and select a holding zone for prepositioning empty ridesharing vehicles in order to expedite satisfaction of
the predicted imminent demand. The at least one processor is also configured to send, via the
communications interface, to a mobile communications device in a specific ridesharing vehicle,
instructions directing the specific ridesharing vehicle to the holding zone.

[013] In one embodiment, a non-transitory computer-readable storage medium stores
instructions that, when executed by at least one processor, cause the at least one processor to perform a
method for managing a fleet of ridesharing vehicles. The method includes storing historical data
associated with past demand for ridesharing vehicles in a geographical area and using the historical data
to predict imminent demand of ridesharing requests including predicting general zones in the
geographical area associated with imminent demand. The method also includes selecting a holding zone
for prepositioning empty ridesharing vehicles in order to expedite satisfaction of the predicted imminent
demand and sending to a mobile communications device in a specific ridesharing vehicle, instructions
directing the specific ridesharing vehicle to the holding zone.

[014] In one embodiment, an automated ridesharing dispatch system includes a memory
configured to store historical data associated with past demand for ridesharing vehicles in a geographical
area, a communications interface configured to receive location information from a plurality of
communication devices associated with a plurality of ridesharing vehicles, and at least one processor
configured to access the memory. The at least one processor is configured to assign, to ridesharing
vehicles already transporting users, additional users for simultaneous transportation in the ridesharing
vehicles and to track assignments of each specific ridesharing vehicle to identify that a first ridesharing
vehicle and a second ridesharing vehicle are about to be without passengers and without future

assignments. The at least one processor is also configured to direct the first ridesharing vehicle to a first



10

15

20

25

30

35

WO 2018/140505 PCT/US2018/015060

holding zone based on a current location of the first vehicle and a predicted imminent demand proximate
the first holding zone and direct the second ridesharing vehicle to a second holding zone other than the
first holding zone based on a current location of the second vehicle and a predicted imminent demand
proximate to the second holding zone.

[015] In one embodiment, an automated ridesharing dispatch system includes a
communications interface configured to receive ride requests from a plurality of users headed to differing
destinations, each ride request including a starting point and a desired destination. The communications
interface is also configured to receive from a mobile communications device associated with a ridesharing
vehicle, a current location of the ridesharing vehicle. At least one processor is configured to in response
to the ride requests, send the ridesharing vehicle to pick up the plurality of users headed to differing
destinations and determine, based on a known passenger capacity of the ridesharing vehicle, a capacity
status of the ridesharing vehicle. If the capacity status of the ridesharing vehicle is below a capacity
threshold, the processor directs the ridesharing vehicle along a first route resulting in a first set of arrival
times for the plurality of users. If the capacity threshold is met, the processor directs the ridesharing
vehicle along a second route resulting in a second set of arrival times for the plurality of users. The
second set of arrival times is earlier than the first set of arrival times.

[016] In one embodiment, a non-transitory computer-readable storage medium storing
instructions that, when executed by at least one processor, cause the at least one processor to perform a
method for managing a fleet of ridesharing vehicles. The method includes receiving ride requests from a
plurality of users headed to differing destinations, each ride request including a starting point and a
desired destination. The method also includes receiving from a mobile communications device associated
with a ridesharing vehicle, a current location of the ridesharing vehicle and, in response to the ride
requests, sending the ridesharing vehicle to pick up the plurality of users headed to differing destinations.
The method further includes determining based on a known passenger capacity of the ridesharing vehicle,
a capacity status of the ridesharing vehicle. If the capacity status of the ridesharing vehicle is below a
capacity threshold, the ridesharing vehicle is directed along a first route resulting in a first set of arrival
times for the plurality of users. If the capacity threshold is met, the ridesharing vehicle is directed along a
second route resulting in a second set of arrival times for the plurality of users. The second set of arrival
times are earlier than the first set of arrival times.

[017] In one embodiment, an automated ridesharing dispatch system includes a
communications interface configured to receive ride requests from a plurality of users headed to differing
destinations, each ride request including a starting point and a desired destination, and to receive from a
mobile communications device associated with a ridesharing vehicle, a current location of the ridesharing
vehicle. At least one processor is configured to in response to the ride requests, send the ridesharing
vehicle to pick up the plurality of users headed to differing destinations, to_determine based on a known
passenger capacity of the ridesharing vehicle, a capacity status of the ridesharing vehicle, and to_direct the
ridesharing vehicle along at least one of a first route and a second route based on a comparison of the

capacity status of the ridesharing vehicle to a capacity threshold. The first route results in a first set of
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arrival times for the plurality of users, the second route results in a second set of arrival times for the
plurality of users, and the second set of arrival times are earlier than the first set of arrival times.

[018] In one embodiment, an automated ridesharing dispatch system is disclosed. The system
may include a communications interface, a memory, a plurality of communication devices, a plurality of
ridesharing vehicles, and at least one processor. The communications interface may be configured to
receive ride requests from a plurality of users, wherein each ride request includes a starting point and a
desired destination, and receive from a plurality of communication devices associated with a plurality of
ridesharing vehicles, indications of current locations of the plurality of ridesharing vehicles. The memory
may be configured to store a plurality of rules including a rule to select a fastest route for guiding a
ridesharing vehicle, and a rule for reducing backtracking, even in instances where backtracking would
result in shorter travel time. The at least one processor may be configured to assign the plurality of users
to a common ridesharing vehicle and to use the stored plurality of rules to determine a route for the
ridesharing vehicle other than the fastest route. The determined route is selected to account for the rule for
reducing backtracking and includes a plurality of pick-up and drop-off locations associated with the
starting points and desired destinations of the plurality of users. The at least one processor may also be
configured in order to reduce backtracking, to direct the ridesharing vehicle along the determined route
other than the fastest route.

[019] In one embodiment, a method is disclosed for managing a fleet of ridesharing vehicles.
The method may be performed by a system including a communications interface, a plurality of
communication devices, a plurality of ridesharing vehicles, a memory, and at least one processor. The
method may include receiving ride requests from a plurality of users, wherein each ride request includes a
starting point and a desired destination; receiving from a plurality of communication devices associated
with a plurality of ridesharing vehicles, indications of current locations of the plurality of ridesharing
vehicles; accessing memory configured to store a plurality of rules including a rule to select a fastest route
for guiding a ridesharing vehicle and a rule for reducing backtracking, even in instances where
backtracking would result in shorter travel time; assigning the plurality of users to a common ridesharing
vehicle; using the stored plurality of rules to determine a route for the ridesharing vehicle other than the
fastest route, the determined route is selected to account for the rule for reducing backtracking and
includes a plurality of pick-up and drop-off locations associated with the starting points and desired
destinations of the plurality of users; and in order to reduce backtracking, directing the ridesharing vehicle
along the determined route other than the fastest route.

[020] In one embodiment, a system for directing a vehicle-for-hire and a prospective passenger
to a remote pick-up location to avoid traffic congestion is disclosed. The system may include a
communications interface, a plurality of communication devices, a plurality of vehicles-for-hire, and at
least one processor. The communications interface may be configured to receive a ride request from a
user, wherein the ride request includes a starting point and a desired destination, and receive from the
plurality of communication devices associated with the plurality of vehicles-for-hire indications of current

locations of the plurality of vehicles-for-hire. The at least one processor may be configured to receive real
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time traffic data, including information about at least one of street blockages and atypical congestion,
identify an existence of an area of traffic obstruction in a vicinity of the user’s starting point, select a
vehicle-for-hire to pick up the user, and identify a pick-up location, remote from the user’s starting point,
peripheral to the area of traffic obstruction. The at least one processor may be configured to send to the
user, via the communications interface, information about the pick-up location, and send to the selected
vehicle-for-hire, via the communications interface, driving directions to the pick-up location, wherein the
driving directions substantially avoid the area of traffic obstruction.

[021] In one embodiment, a method is disclosed for directing a vehicle-for-hire and a
prospective passenger to a remote pick-up location to avoid traffic congestion. The method may be
performed by a communications interface, a plurality of communication devices, a plurality of vehicles-
for-hire, and at least one processor. The method may include receiving a ride request from a user, wherein
the ride request includes a starting point and a desired destination, receiving from the plurality of
communication devices associated with the plurality of vehicles-for-hire indications of current locations
of the plurality of vehicles-for-hire, receiving real time traffic data, including information about at least
one of street blockages and atypical congestion, identifying an existence of an area of traffic obstruction
in a vicinity of the user’s starting point, selecting a vehicle-for-hire to pick up the user, identifying a pick-
up location, remote from the user’s starting point, and peripheral to the area of traffic obstruction, sending
to the user, via the communications interface, information about the pick-up location, and sending to the
selected vehicle-for-hire, via the communications interface, driving directions to the pick-up location,
wherein the driving directions substantially avoid the area of traffic obstruction.

[022] In one embodiment, a system is disclosed for directing a vehicle-for-hire and a
prospective passenger to a remote pick-up location to avoid traffic congestion. The system may include a
communications interface, a plurality of communication devices, a plurality of vehicles-for-hire, and at
least one processor. The communications interface may be configured to receive from the plurality of
communication devices associated with the plurality of vehicles-for-hire indications of current locations
of the plurality of vehicles-for-hire. The at least one processor may be configured to receive real time
traffic data, including information about at least one of street blockages and atypical congestion, identify
an existence of an area of traffic obstruction in a vicinity of the user’s starting point, select a vehicle-for-
hire to pick up the user, identify a drop-off location, remote from the user’s desired destination, peripheral
to the area of traffic obstruction, send to the selected vehicle-for-hire, via the communications interface,
driving directions to the drop-off location, wherein the driving directions substantially avoid the area of
traffic obstruction, and send to the user, via the communications interface, walking directions from the
drop-off location to the desired destination.

[023] In one embodiment, an automated ridesharing dispatch system is disclosed. The system
may include a communications interface configured to electronically receive ride requests from a plurality
of users, a memory configured to store a capacity threshold for each of a plurality of ridesharing vehicles,
at least one sensor, and at least one processor. The processor may be configured to process the ride

requests received from the communications interface and to assign to a single ridesharing vehicle the
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plurality of users for pick up at a plurality of differing pick-up locations and for delivery to a plurality of
differing drop-off locations. The processor may be configured to determine a route for the ridesharing
vehicle, receive from at least one sensor within the ridesharing vehicle, information indicative of a current
number of passengers in the ridesharing vehicle, and determine whether to assign additional users to the
ridesharing vehicle based on the received information from the sensor and the capacity threshold
associated with the ridesharing vehicle.

[024] In one embodiment, a method is disclosed for automatically dispatching ridesharing
vehicles. The method may be performed by a communications interface configured to electronically
receive ride requests from a plurality of users, a memory configured to store a capacity threshold for each
of a plurality of ridesharing vehicles, at least one sensor, and at least one processor. The method may
include storing a capacity threshold for each of a plurality of ridesharing vehicles, receiving ride requests
from a plurality of users, assigning to a particular ridesharing vehicle the plurality of users for pick up at a
plurality of differing pick-up locations and for delivery to a plurality of differing drop-off locations,
determining a route for the ridesharing vehicle, receiving at a location remote from the particular vehicle,
and based on sensor data transmitted from the particular vehicle, information indicative of a current
number of passengers in the particular vehicle, comparing the sensor data from the particular vehicle with
the capacity threshold of the particular vehicle, determining, based on comparing, whether a number of
actual users within the particular vehicle exceeds a number of users assigned to the particular vehicle, and
reassigning to another vehicle a subsequent user already assigned to the particular vehicle if, from the
sensor data, actual users detected exceeds the number of assigned users.

[025] In one embodiment, an autonomous ridesharing vehicle is disclosed. The vehicle may
include a plurality of seats for accommodating a number of passengers no greater than a capacity
threshold, a communications interface configured to wirelessly communicate with a remote server, at
least one sensor configured to detect a current number of passengers in the ridesharing vehicle, and at
least one processor. The at least one processor may be configured to receive from the remote server a
route including a plurality of pick-up locations for picking up users, a number of the users expected to
enter the ridesharing vehicle at each pick-up location, and a plurality of drop-off locations for delivering
the users, determine a discrepancy between an actual number of passengers entering the ridesharing
vehicle at a specific pick-up location and the number of users expected to enter the ridesharing vehicle at
the specific pick-up location, and inform the remote server of the discrepancy, thereby causing a change
in the route of the ridesharing vehicle.

[026] Consistent with other disclosed embodiments, non-transitory computer-readable storage
media may store program instructions, which are executed by at least one processing device and perform
any of the methods described herein.

[027] The foregoing general description and the following detailed description are exemplary

and explanatory only and are not restrictive of the claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

[028] The accompanying drawings, which are incorporated in and constitute part of this

disclosure, illustrate various example embodiments. In the drawings:

[029] Fig. 1 is a diagram illustrating an example ridesharing management system, in
accordance with some embodiments of the present disclosure.

[030] Fig. 2 is a diagram illustrating the components of an example mobile communications
device associated with a ridesharing management system, in accordance with some embodiments of the
present disclosure.

[031] Fig. 3 is a diagram illustrating the components of an example ridesharing management
server associated with a ridesharing management system, in accordance with some embodiments of the
present disclosure.

[032] Figs. 4A and 4B are flowcharts of example processes for vehicle ridesharing
management, in accordance with some embodiments of the present disclosure.

[033] Fig. 5 is a diagram of example timelines showing ridesharing arrangements, in
accordance with some embodiments of the present disclosure.

[034] Fig. 6 is a diagram of an example memory module for under-utilizing vehicle capacity, in
accordance with some embodiments of the present disclosure.

[035] Fig. 7 is a diagram of example timelines showing the use of threshold blocks in a
rideshare fleet, in accordance with some embodiments of the present disclosure.

[036] Fig. 8 is a diagram of a flowchart of an example process for managing a fleet of
ridesharing vehicles, in accordance with some embodiments of the present disclosure.

[037] Fig. 9 is a diagram of an example memory module for dynamic re-assignment of
ridesharing vehicles, in accordance with some embodiments of the present disclosure.

[038] Fig. 10A is a diagram of example timelines showing the use of dynamic re-assignment in
a rideshare fleet, in accordance with some embodiments of the present disclosure.

[039] Fig. 10B is a diagram of additional example timelines showing the use of dynamic re-
assignment in a rideshare fleet, in accordance with some embodiments of the present disclosure.

[040] Fig. 11A is a diagram of the first part of another example process for managing a fleet of
ridesharing vehicles, in accordance with some embodiments of the present disclosure.

[041] Fig. 11B is a diagram of the second part of the example process of Fig. 11A.

[042] Fig. 11C is a diagram of the first part of yet another example process for managing a fleet
of ridesharing vehicles, in accordance with some embodiments of the present disclosure.

[043] Fig. 11D is a diagram of the second part of the example process of Fig. 11C.

[044] Fig. 12 is a diagram of an example memory module for sub-optimization of routes in a
rideshare fleet, in accordance with some embodiments of the present disclosure.

[045] Fig. 13A is a diagram illustrating the first paﬁ of yet another example process for
managing a fleet of ridesharing vehicles, in accordance with some embodiments of the present disclosure.

[046] Fig. 13B is a diagram illustrating the second part of the example process of Fig. 13A.
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[047] Fig. 13C is a diagram illustrating an example of scheduling picking up a third user after

dropping off a first user and before dropping off a second user and of sub-optimizing a drop-off location
of the first user to minimize a total waiting time of the third user, in accordance with some embodiments
of the present disclosure.

[048] Fig. 13D is a diagram illustrating an example of scheduling picking up a third user after
dropping off a first user and before dropping off a second user and of sub-optimizing a third pick-up
location of the third user to minimize a total travel time of the first and second users, in accordance with
some embodiments of the present disclosure.

[049] Fig. 13E is a diagram illustrating an example of scheduling picking up a third user before
dropping off a first user and of sub-optimizing a third pick-up location of the third user to minimize a
total travel time of the first and second users, in accordance with some embodiments of the present
disclosure.

[050] Fig. 13F is a diagram illustrating an example of scheduling picking up a third user before
dropping off a first user and of sub-optimizing a drop-off location of the first user to minimize a total
waiting time of the third user, in accordance with some embodiments of the present disclosure.

[051] Fig. 14A is a diagram of the first part of yet another example process for managing a fleet
of ridesharing vehicles, in accordance with some embodiments of the present disclosure.

[052] Fig. 14B is a diagram illustrating the second part of the example process of Fig. 14A.

[053] Fig. 15 illustrates an exemplary embodiment of a memory containing software modules,
in accordance with some embodiments of the present disclosure.

[054] Fig. 16 shows an example environment and operation of the automated ridesharing
system in the environment, in accordance with some embodiments of the present disclosure.

[055] Fig. 17A is a flowchart illustrating an exemplary method for dispatching at least one
ridesharing vehicle, in accordance with some embodiments of the present disclosure.

[056] Fig. 17B is a flowchart illustrating an exemplary method for dispatching a plurality of
ridesharing vehicles, in accordance with some embodiments of the present disclosure.

[057] Fig. 18 illustrates an exemplary embodiment of a memory containing software modules,
in accordance with some embodiments of the present disclosure.

[058] Fig. 19 shows an example environment and operation of the automated ridesharing
system in the environment, in accordance with some embodiments of the present disclosure.

[059] Fig. 20 is a flowchart illustrating an exemplary method for dispatching at least one
ridesharing vehicle, in accordance with some embodiments of the present disclosure.

[060] Fig. 21A illustrates an exemplary embodiment of a memory containing software modules
consistent with the present disclosure.

[061] Fig. 21B and 21C are schematic illustrations of an example map including different
driving route alternatives for a ridesharing vehicle according to disclosed embodiments.

[062] Fig. 22 is a flowchart of an example process used by ridesharing management system to

select between the different route alternatives for a ridesharing vehicle.
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[063] Fig. 23 is a flowchart of an example of a method for managing a fleet of ridesharing

vehicles.

[064] Fig. 24 illustrates an exemplary embodiment of a memory containing software modules
consistent with the present disclosure.

[065] Fig. 25 is a schematic illustration of an example of a map including map information
used for ridesharing purposes according to a disclosed embodiment.

[066] Fig. 26 is a flowchart of an example of a method for directing a vehicle-for-hire and a
prospective passenger to a pick-up or drop-off location to avoid traffic congestion.

[067] Fig. 27 illustrates an exemplary embodiment of a memory containing software modules
consistent with the present disclosure.

[068] Fig. 28A is a schematic illustration of an example of an interior of a vehicle used for
ridesharing purposes according to a disclosed embodiment.

[069] Fig. 28B is a schematic illustration of an example of an interior of a vehicle used for
ridesharing purposes according to a disclosed embodiment.

[070] Fig. 29A is a flowchart of an example of a method for automatically dispatching
ridesharing vehicles.

[071] Fig. 29B is a flowchart of an example of a method for automatically dispatching
ridesharing vehicles.

[072] Fig. 29C is a flowchart of an example of a method for changing a route for an
autonomous ridesharing vehicle.

DETAILED DESCRIPTION

[073] The following detailed description refers to the accompanying drawings. Wherever

possible, the same reference numbers are used in the drawings and the following description to refer to
the same or similar parts. While several illustrative embodiments are described herein, modifications,
adaptations and other implementations are possible. For example, substitutions, additions or
modifications may be made to the components illustrated in the drawings, and the illustrative methods
described herein may be modified by substituting, reordering, removing, or adding steps to the disclosed
methods. Accordingly, the following detailed description is not limited to the disclosed embodiments and
examples. Instead, the proper scope is defined by the appended claims.

[074] Disclosed embodiments of the present disclosure provide methods and systems for
vehicle ridesharing and vehicle ridesharing management. The term “vehicle” or “ridesharing vehicle” as
used herein refers to any kind of vehicle (e.g., car, van, SUV, truck, bus, etc.) suitable for human
transportation, such as providing ride services. In some embodiments, a vehicle may be a taxi. In some
embodiments, a vehicle may include an autonomous vehicle, wherein a control device integrated with the
vehicle or a management system separate from the vehicle may send operational instructions and guide
the vehicle to designated pick-up locations and drop-off locations. For the ease and conciseness of
description, some embodiments disclosed herein may simply refer to a vehicle or a taxi as an example,

which does not limit the scope of the disclosed embodiments.
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[075] Consistent with some embodiments of the present disclosure, a ridesharing management
system may receive a first ride request from a first user. The first ride request may include a starting point
and a desired destination. The ridesharing management system may calculate a first estimated pick-up
time based on a current location of a vehicle that is in the surrounding areas. After sending a confirmation
with the estimated pick-up time, the ridesharing management system may then guide the vehicle to a
pick-up location for picking up the first rider. The pick-up location may be a different location from the
starting point included in the first ride request. The system may also guide the first user to the pick-up
location.

[076] In some embodiments, the system may subsequently receive a second ride request from a
second user, for example, while the first user is still in the vehicle. The second ride request may include a
second starting point and a second desired destination. The system may calculate a second estimated pick-
up time, provide a second confirmation to the second rider, and guide the second rider to a second pick-up
location. In some embodiments, the second pick-up location may be a different location from the second
starting point included in the second ride request.

[077] In some embodiments, the system may calculate the fares for each user, based on the solo
ride portion for a corresponding user, and the shared portion of the ride. For example, the system may
offer a discount for the shared portion of the ride. In some embodiments, the system may also calculate
the fare amount for a particular user based on various service-related parameters such as user input
regarding whether to use toll roads, the walking distance between the starting point and the pick-up
location, and the walking distance between the desired destination and the drop-off location.

[078] The embodiments herein further include computer-implemented methods, tangible non-
transitory computer-readable mediums, and systems. The computer-implemented methods can be
executed, for example, by at least one processor that receives instructions from a non-transitory
computer-readable storage medium. Similarly, systems and devices consistent with the present disclosure
can include at least one processor and memory, and the memory can be a non-transitory computer-
readable storage medium. As used herein, a “non-transitory computer-readable storage medium” refers to
any type of physical memory on which information or data readable by at least one processor can be
stored. Examples include random access memory (RAM), read-only memory (ROM), volatile memory,
nonvolatile memory, hard drives, CD ROMs, DVDs, flash drives, disks, and any other known physical
storage medium. Singular terms, such as “memory” and “computer-readable storage medium,” can
additionally refer to multiple structures, such a plurality of memories or computer-readable storage
mediums. As referred to herein, a “memory” may comprise any type of computer-readable storage
medium unless otherwise specified. A computer-readable storage medium may store instructions for
execution by at least one processor, including instructions for causing the processor to perform steps or
stages consistent with an embodiment herein. Additionally, one or more computer-readable storage
mediums may be used in implementing a computer-implemented method. The term “computer-readable
storage medium” should be understood to include tangible items and exclude carrier waves and transient

signals.
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[079] Fig. 1 is a diagram illustrating an example ridesharing management system, in which
various implementations as described herein may be practiced, according to some embodiments of the
present disclosure. As shown in Fig. 1, ridesharing management system 100 includes one or more mobile
communications devices 120A-120F (collectively referred to as mobile communications devices 120), a
network 140, a ridesharing management server 150, and a database 170. The plurality of mobile
communications devices 120A-120F may further include a plurality of user devices 120A-120C
associated with users 130A-130C respectively, a plurality of driver devices 120D and 120E associated
with drivers 130D and 130E, and a driving-control device 120F associated with an autonomous vehicle
130F. Consistent with some embodiments of the present disclosure, ridesharing management server 150
may communicate with driving-control device 120F to direct autonomous vehicle 130F to pick-up and
drop-off users 130A-130C. In one example, autonomous vehicles capable of detecting objects on the road
and navigate to designated locations may be utilized for providing ridesharing services.

[080] The components and arrangements shown in Fig. 1 are not intended to limit the disclosed
embodiments, as the system components used to implement the disclosed processes and features can vary.
For example, ridesharing management system 100 may include multiple ridesharing management servers
150, and each ridesharing management server 150 may handle a certain category of ridesharing services,
ridesharing services associated with a certain category of service vehicles, or ridesharing services in a
specific geographical region, such that a plurality of ridesharing management servers 150 may
collectively provide a dynamic and integrated ridesharing service system.

[081] Network 140 may facilitate communications between user devices 120 and ridesharing
management server 150, for example, receiving ride requests and other ride server related input from or
sending confirmations to user devices, and sending ride service assignments to driver devices and driving-
control devices. Network 140 may be any type of networks that provides communications, exchanges
information, and/or facilitates the exchange of information between ridesharing management server 150
and user devices 120. For example, network 140 may be the Internet, a Local Area Network, a cellular
network, a public switched telephone network (“PSTN”), or other suitable connection(s) that enables
ridesharing management system 100 to send and receive information between the compbnents of
ridesharing management system 100. Network 140 may support a variety of messaging formats, and may
further support a variety of services and applications for user devices 120. For example, network 140 may
support navigation services for mobile communications devices 120, such as directing the users and
service vehicles to pick-up or drop-off locations.

[082] Ridesharing management server 150 may be a system associated with a communication
service provider which provides a variety of data or services, such as voice, messaging, real-time
audio/video, to users, such as users 130A-130E. Ridesharing management server 150 may be a computer-
based system including computer system components, desktop computers, workstations, tablets, handheld
mobile communications devices, memory devices, and/or internal network(s) connecting the components.

Ridesharing management server 150 may be configured to receive information from mobile
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communications devices 120 over network 140, process the information, store the information, and/or
transmit information to mobile communications devices 120 over network 140.

[083] For example, in some embodiments, ridesharing management server 150 may be
configured to: receive ride requests from user devices 120A-120C, send ride confirmation and ride fare
information to user devices 120A-120C, and send ride service assignments (for example, including pick-
up and drop-off location information) to driver devices 120D and 120E, and driving-control device 120F.
Further, ridesharing management server 150 may further be configured to receive user input from user
devices 120A-120C as to various ride service parameters, such as walking distance to a pick-up location,
maximum delay of arrival/detour, and maximum number of subsequent pick-ups, etc. In some
embodiments, ridesharing management server 150 may be further configured to: calculate ride fares
based on a solo portion of a user’s ride and a shared portion of the ride. Further, the ride fare calculation
may further be based on various ride service parameters set by the user, such as the walking distance
involved in the ride, and user selection regarding toll road usage, etc.

[084] Database 170 may include one or more physical or virtual storages coupled with
ridesharing management server 150. Database 170 may be configured to store user account information
(including registered user accounts and driver accounts), corresponding user profiles such as contact
information, profile photos, and associated mobile communications device information. With respect to
users, user account information may further include ride history, service feedbacks, complaints, or
comments. With respect to drivers, user account information may further include number of ride service
assignments completed, ratings, and ride service history information. Database 170 may further be
configured to store various ride requests received from user devices 120A-120C and corresponding
starting point and desired destination information, user input regarding various service parameters, pick-
up and drop-off locations, time of pick-up and drop-off, ride fares, and user feedbacks, etc.

[085] Database 170 may further include traffic data, maps, and toll road information, which
may be used for ridesharing service management. Traffic data may include historical traffic data and real-
time traffic data regarding a certain geographical region, and may be used to, for example, calculate
estimate pick-up and drop-off times, and determine an optimal route for a particular ride. Real-time traffic
data may be received from a real-time traffic monitoring system, which may be integrated in or
independent from ridesharing management system 100. Maps may include map information used for
navigation purposes, for example, for calculating potential routes and guiding the users to a pick-off or
drop-off location. Toll road information may include toll charges regarding certain roads, and any change
or updates thereof. Toll road information may be used to calculate ride fares, for example, in cases where
the user permits use of toll roads.

[086] The data stored in database 170 may be transmitted to ridesharing management server
150 for accommodating ride requests. In some embodiments, database 170 may be stored in a cloud-
based server (not shown) that is accessible by ridesharing management server 150 and/or mobile

communications devices 120 through network 140. While database 170 is illustrated as an external device
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connected to ridesharing management server 150, database 170 may also reside within ridesharing
management server 150 as an internal component of ridesharing management server 150.

[087] As shown in Fig. 1, users 130A-130E may include a plurality of users 130A-130C, and a
plurality of drivers 130D and 130E, who may communicate with one another, and with ridesharing
management server 150 using various types of mobile communications devices 120. As an example, a
mobile communications device 120 may include a display such as a television, tablet, computer monitor,
video conferencing console, or laptop computer screen. A mobile communications device 120 may
further include video/audio input devices such as a microphone, video camera, keyboard, web camera, or
the like. For example, a mobile communications device 120 may include mobile devices such as a tablet
or a smartphone having display and video/audio capture capabilities. A mobile communications device
120 may also include one or more software applications that facilitate the mobile communications devices
to engage in communications, such as IM, VoIP, video conferences. For example, user devices 130A-
130C may send requests to ridesharing management server 150, and receive confirmations therefrom.
Drivers 130D and 130F may use their respective devices to receive ride service assignments and
navigation information from ridesharing management server 150, and may contact the users with their
respective devices 120D and 120E.

[088] Insome embodiments, a user may directly hail a vehicle by hand gesture or verbal
communication, such as traditional street vehicle hailing. In such embodiments, once a driver accepts the
request, the driver may then use his device to input the ride request information. Ridesharing management
server 150 may receive such request information, and accordingly assign one or more additional ride
service assignments to the same vehicle, for example, subsequent e-hail ride requests received from other
mobile communications devices 120 through network 140.

[089] In some embodiments, driver devices 120D and 120E, and driving-control device 120F
may be embodied in a vehicle control panel, as a part of the vehicle control system associated with a
particular vehicle. For example, a traditional taxi company may install a drive device in all taxi vehicles
managed by the taxi company. In some embodiments, driver devices 120D and 120E, and driving-control
device 120F, may be further coupled with a payment device, such as a card reader installed as a part of
the vehicle control panel or as a separate device associated with the vehicle. A user may then use the
payment device as an alternative payment mechanism. For example, a user who hails the taxi on the street
may pay through the payment device, without using a user device providing ridesharing service.

[090] Fig. 2 is a diagram illustrating the components of an example mobile communications
device 200 associated with a ridesharing management system, such as system 100 as shown in Fig. 1, in
accordance with some embodiments of the present disclosure. Mobile communications device 200 may
be used to implement computer programs, applications, methods, processes, or other software to perform
embodiments described in the present disclosure, such as mobile communications devices 120A-120F.
For example, user devices 120A-120C, driver devices 120D and 120E, and driving-control device 120F
may respectively be installed with a user side ridesharing application, and a corresponding driver side

ridesharing application.
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[091] Mobile communications device 200 includes a memory interface 202, one or more
processors 204 such as data processors, image processors and/or central processing units, and a
peripherals interface 206. Memory interface 202, one or more processors 204, and/or peripherals interface
206 can be separate components or can be integrated in one or more integrated circuits. The various
components in mobile communications device 200 may be coupled by one or more communication buses
or signal lines.

[092] Sensors, devices, and subsystems can be coupled to peripherals interface 206 to facilitate
multiple functionalities. For example, a motion sensor 210, a light sensor 212, and a proximity sensor 214
may be coupled to peripherals interface 206 to facilitate orientation, lighting, and proximity functions.
Other sensors 216 may also be connected to peripherals interface 206, such as a positioning system (e.g.,
GPS receiver), a temperature sensor, a biometric sensor, or other sensing device, to facilitate related
functionalities. A GPS receiver may be integrated with, or connected to, mobile communications device
200. For example, a GPS receiver may be included in mobile telephones, such as smartphone devices.
GPS software may allow mobile telephones to use an internal or external GPS receiver (e.g., connecting
via a serial port or Bluetooth). A camera subsystem 220 and an optical sensor 222, e.g., a charged coupled
device ("CCD") or a complementary metal-oxide semiconductor ("CMOS") optical sensor, may be used
to facilitate camera functions, such as recording photographs and video clips.

[093] Communication functions may be facilitated through one or more wireless/wired
communication subsystems 224, which includes a Ethernet port, radio frequency receivers and
transmitters and/or optical (e.g., infrared) receivers and transmitters. The specific design and
implementation of wireless/wired communication subsystem 224 may depend on the communication
network(s) over which mobile communications device 200 is intended to operate. For example, in some
embodiments, mobile communications device 200 may include wireless/wired communication
subsystems 224 designed to operate over a GSM network, a GPRS network, an EDGE network, a Wi-Fi
or WiMax network, and a Bluetooth® network.

[094] An audio subsystem 226 may be coupled to a speaker 228 and a microphone 230 to
facilitate voice-enabled functions, such as voice recognition, voice replication, digital recording, and
telephony functions.

[095] I/O subsystem 240 may include touch screen controller 242 and/or other input
controller(s) 244. Touch screen controller 242 may be coupled to touch screen 246. Touch screen 246 and
touch screen controller 242 may, for example, detect contact and movement or break thereof using any of
a plurality of touch sensitivity technologies, including but not limited to capacitive, resistive, infrared, and
surface acoustic wave technologies, as well as other proximity sensor arrays or other elements for
determining one or more points of contact with touch screen 246. While touch screen 246 is shown in Fig.
2, I/O subsystem 240 may include a display screen (e.g., CRT or LCD) in place of touch screen 246.

[096] Other input controller(s) 244 may be coupled to other input/control devices 248, such as

one or more buttons, rocker switches, thumb-wheel, infrared port, USB port, and/or a pointer device such
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as a stylus. Touch screen 246 may, for example, also be used to implement virtual or soft buttons and/or a
keyboard.

[097] Memory interface 202 may be coupled to memory 250. Memory 250 includes high-speed
random access memory and/or non-volatile memory, such as one or more magnetic disk storage devices,
one or more optical storage devices, and/or flash memory (e.g., NAND, NOR). Memory 250 may store an
operating system 252, such as DRAWIN, RTXC, LINUX, iOS, UNIX, OS X, WINDOWS, or an
embedded operating system such as VXWorkS. Operating system 252 may include instructions for
handling basic system services and for performing hardware dependent tasks. In some implementations,
operating system 252 can be a kernel (e.g., UNIX kernel).

[098] Memory 250 may also store communication instructions 254 to facilitate communicating
with one or more additional devices, one or more computers and/or one or more servers. Memory 250 can
include graphical user interface instructions 256 to facilitate graphic user interface processing; sensor
processing instructions 258 to facilitate sensor-related processing and functions; phone instructions 260 to
facilitate phone-related processes and functions; electronic messaging instructions 262 to facilitate
electronic-messaging related processes and functions; web browsing instructions 264 to facilitate web
browsing-related processes and functions; media processing instructions 266 to facilitate media
processing-related processes and functions; GPS/navigation instructions 268 to facilitate GPS and
navigation-related processes and instructions; camera instructions 270 to facilitate camera-related
processes and functions; and/or other software instructions 272 to facilitate other processes and functions.

[099] In some embodiments, communication instructions 254 may include software
applications to facilitate connection with ridesharing management server 150 that handles vehicle
ridesharing requests. Graphical user interface instructions 256 may include a software program that
facilitates a user associated with the mobile communications device to receive messages from ridesharing
management server 150, provide user input, and so on. For example, a user may send ride requests and
ride service parameters to ridesharing management server 150 and receive ridesharing proposals and
confirmation messages. A driver may receive ride service assignments from ridesharing management
server 150, and provide ride service status updates.

[0100] Each of the above identified instructions and applications may correspond to a set of
instructions for performing one or more functions described above. These instructions need not be
implemented as separate software programs, procedures, or modules. Memory 250 may include additional
instructions or fewer instructions. Furthermore, various functions of mobile communications device 200
may be implemented in hardware and/or in software, including in one or more signal processing and/or
application specific integrated circuits.

[0101] Fig. 3 is a diagram illustrating the components of an example an automated ridesharing
dispatch system 300 that includes ridesharing management server 150 associated with a ridesharing
management system 100, in accordance with some embodiments of the present disclosure. Ridesharing

management server 150 may include a bus 302 (or other communication mechanism), which
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interconnects subsystems and components for transferring information within ridesharing management
server 150.

[0102] As shown in Fig. 3, automated ridesharing dispatch system 300 may include one or more
processors 310, , one or more memories 320 storing programs 330 including, for example, server app(s)
332, operating system 334, and data 340, and a communications interface 360 (e.g., a modem, Ethernet
card, or any other interface configured to exchange data with a network, such as network 140 in Fig. 1).
Automated ridesharing dispatch system 300 may communicate with an external database 170 (which, for
some embodiments, may be included within ridesharing management server 150). Automated ridesharing
dispatch system 300 may include a single server (e.g., ridesharing management server 150) or may be
configured as a distributed computer system including multiple servers, server farms, clouds, or
computers that interoperate to perform one or more of the processes and functionalities associated with
the disclosed embodiments. The term “cloud server” refers to a computer platform that provides services
via a network, such as the Internet. When ridesharing management server 150 is a cloud server it may use
virtual machines that may not correspond to individual hardware. Specifically, computational and/or
storage capabilities may be implemented by allocating appropriate portions of desirable
computation/storage power from a scalable repository, such as a data center or a distributed computing
environment.

[0103] Processor 310 may be one or more processing devices configured to perform functions of
the disclosed methods, such as a microprocessor manufactured by Inte]™ or manufactured by AMD™.
Processor 310 may comprise a single core or multiple core processors executing parallel processes
simultaneously. For example, processor 310 may be a single core processor configured with virtual
processing technologies. In certain embodiments, processor 310 may use logical processors to
simultaneously execute and control multiple processes. Processor 310 may implement virtual machine
technologies, or other technologies to provide the ability to execute, control, run, manipulate, store, etc.
multiple software processes, applications, programs, etc. In some embodiments, processor 310 may
include a multiple-core processor arrangement (e.g., dual, quad core, etc.) configured to provide parallel
processing functionalities to allow ridesharing management server 150 to execute multiple processes
simultaneously. It is appreciated that other types of processor arrangements could be implemented that
provide for the capabilities disclosed herein.

[0104] Memory 320 may be a volatile or non-volatile, magnetic, semiconductor, tape, optical,
removable, non-removable, or other type of storage device or tangible or non-transitory computer-
readable medium that stores one or more program(s) 330 such as server apps 332 and operating system
334, and data 340. Common forms of non-transitory media include, for example, a flash drive, a flexible
disk, hard disk, solid state drive, magnetic tape, or any other magnetic data storage medium, a CD-ROM,
any other optical data storage medium, any physical medium with patterns of holes, a RAM, a PROM,
and EPROM, a FLASH-EPROM or any other flash memory, NVRAM, a cache, a register, any other

memory chip or cartridge, and networked versions of the same.
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[0105] Ridesharing management server 150 may include one or more storage devices configured
to store information used by processor 310 (or other components) to perform certain functions related to
the disclosed embodiments. For example, ridesharing management server 150 may include memory 320
that includes instructions to enable processor 310 to execute one or more applications, such as server apps
332, operating system 334, and any other type of application or software known to be available on
computer systems. Alternatively or additionally, the instructions, application programs, etc., may be
stored in an external database 170 (which can also be internal to ridesharing management server 150) or
external storage communicatively coupled with ridesharing management server 150 (not shown), such as
one or more database or memory accessible over network 140.

[0106] Database 170 or other external storage may be a volatile or non-volatile, magnetic,
semiconductor, tape, optical, removable, non-removable, or other type of storage device or tangible or
non-transitory computer-readable medium. Memory 320 and database 170 may include one or more
memory devices that store data and instructions used to perform one or more features of the disclosed
embodiments. Memory 320 and database 170 may also include any combination of one or more databases
controlled by memory controller devices (e.g., server(s), etc.) or software, such as document management
systems, Microsoft SQL databases, SharePoint databases, Oracle™ databases, Sybase™ databases, or
other relational databases.

[0107] In some embodiments, ridesharing management server 150 may be communicatively
connected to one or more remote memory devices (e.g., remote databases (not shown)) through network
140 or a different network. The remote memory devices can be configured to store information that
ridesharing management server 150 can access and/or manage. By way of example, the remote memory
devices may include document management systems, Microsoft SQL database, SharePoint databases,
Oracle™ databases, Sybase™ databases, or other relational databases. Systems and methods consistent
with disclosed embodiments, however, are not limited to separate databases or even to the use of a
database.

[0108] Programs 330 may include one or more software modules causing processor 310 to
perform one or more functions of the disclosed embodiments. Moreover, processor 310 may execute one
or more programs located remotely from one or more components of the ridesharing management system
100. For example, ridesharing management server 150 may access one or more remote programs that,
when executed, perform functions related to disclosed embodiments.

[0109] In the presently described embodiment, server app(s) 332 may cause processor 310 to
perform one or more functions of the disclosed methods. For example, devices associated with users,
drivers and autonomous vehicles may respectively be installed with user applications for vehicle
ridesharing services, and driver applications for vehicle ridesharing services. Further, a mobile
communications device may be installed with both the driver applications and the user applications, for
uses in corresponding situations.

[0110] In some embodiments, other components of ridesharing management system 100 may be

configured to perform one or more functions of the disclosed methods. For example, mobile
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communications devices 120 may be configured to calculate estimate pick-up and drop-off times based
on a certain ride request, and may be configured to calculate estimate ride fares. As another example,
mobile communications devices 120 may further be configured to provide navigation service, and
location service, such as directing the user to a particular pick-up or drop-off location, and providing
information about a current location of the respective user or vehicle to ridesharing management server
150.

[0111] In some embodiments, program(s) 330 may include operating system 334 performing
operating system functions when executed by one or more processors such as processor 310. By way of
example, operating system 334 may include Microsoft Windows™, Unix™, Linux™, Apple™ operating
systems, Personal Digital Assistant (PDA) type operating systems, such as Apple iOS, Google Android,
Blackberry OS, Microsoft CE™, or other types of operating systems. Accordingly, the disclosed
embodiments may operate and function with computer systems running any type of operating system 334.
Ridesharing management server 150 may also include software that, when executed by a processor,
provides communications with network 140 through communications interface 360 and/or a direct
connection to one or more mobile communications devices 120. Specifically, communications interface
360 may be configured to receive ride requests (e.g., from user devices 120A -120C) headed to differing
destinations, and receive indications of the current locations of the ridesharing vehicles (e.g., from driver
devices 120D and 120E or driving-control device 120F). In one example, communications interface 360
may be configured to continuously or periodically receive current vehicle location data for the plurality of
ridesharing vehicles that are part of ridesharing management system 100. The current vehicle location
data may include global positioning system (GPS) data generated by at least one GPS component of a
mobile communications device 120 associated with each ridesharing vehicle.

[0112] In some embodiments, data 340 may include, for example, profiles of users, such as user
profiles or driver profiles. Data 340 may further include ride requests from a plurality of users, user ride
history and driver service record, and communications between a driver and a user regarding a particular
ride request. In some embodiments, data 340 may further include traffic data, toll road information, and
navigation information, which may be used for handling and accommodating ride requests.

[0113] Automated ridesharing dispatch system 300 may also include one or more I/O devices
350 having one or more interfaces for receiving signals or input from devices and providing signals or
output to one or more devices that allow data to be received and/or transmitted by automated ridesharing
dispatch system 300. For example, automated ridesharing dispatch system 300 may include interface
components for interfacing with one or more input devices, such as one or more keyboards, mouse
devices, and the like, that enable automated ridesharing dispatch system 300 to receive input from an
operator or administrator (not shown).

[0114] Figs. 4A and 4B are flowcharts of example processes 410 and 420 for vehicle ridesharing
management, in accordance with some embodiments of the present disclosure. In one embodiment, all of
the steps of process 400 may be performed by a ridesharing management server, such as ridesharing

management server 150 described above with reference to Figs. 1 and 3. Alternatively, at least some of
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the steps of process 400 may be performed by a mobile communications device, such as the mobile
communications devices 120 described above with reference to Figs. 1 and 2. In the following
description, reference is made to certain components of Figs. 1-3 for purposes of illustration. It will be
appreciated, however, that other implementations are possible and that other components may be utilized
to implement example methods disclosed herein.

[0115] At step 411, ridesharing management server 150 may receive a first ride request from a
first wireless communication of a first user, for example, a request from user 130A sent through user
device 120A. The first ride request may include a first starting point and a first desired destination. A ride
request may refer to a request from a user needing transportation service from a certain location to
another. A starting point may refer to a current location of the user, as input by the user through an input
device of an associated user device, or as determined by a location service application installed on the
user device. In some embodiments, the starting point may be a location different from the current location
of the user, for example, a location where the user will subsequently arrive at (e.g., entrance of a
building). A desired destination may refer to a location where the user requests to be taken to.

[0116] In some embodiments, the actual pick-up location and the actual drop-off location may
be different from the starting point and the desired destination. For example, the pick-up location may be
of a certain distance from the starting point, where the user may be directed to for pick-up. By
encouraging the user to walk to a pick-up location nearby, consistent with some embodiments, the vehicle
may more easily and quickly locate the user without excessive detour, or causing excessive delay for
users who are in the vehicle. Similarly, by encouraging the user to walk from a drop-off location different
from but within a certain distance from the desired destination, the vehicle may be able to accommodate
subsequent pick-ups, or arrive at the subsequent pick-up locations more quickly. The vehicle ridesharing
service management system may provide incentives or rewards for the user who are willing to walk a
certain distance. For example, the ridesharing management system may offer certain discounts based on
the number and distances of the walks involved in a particular ride. Alternatively, the ridesharing
management system may offer ride credits corresponding to the number and distance of the walks
undertaken by the user during his rides. The user may use the credits for subsequent ride payment, or
redeem the credit for money, free rides, or other rewards. Further, advantages of such embodiments may
include more efficient vehicle use and management, more user flexibility, and less air pollution associated
with vehicle use.

[0117] In some embodiments, prior to or after the user sends a ride request to ridesharing
management server 150, the user may further input ride service parameters through, for example, a
settings component provided on a user interface. Ride service parameters refer to user preference
parameters regarding a vehicle ridesharing service, for example, a maximum walking distance from the
starting point to a pick-up location, a maximum walking distance from a drop-off location to a desired
destination, a total maximum walking distance involved in a ride, a maximum number of subsequent
pick-ups, maximum delay of arrival/detour incurred by subsequent pick-ups during a ride, and a selection

whether to permit toll road usage during the ride, etc.
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[0118] Ride service parameters may be transmitted to ridesharing management server 150 for
processing the request and assignment of an available vehicle based on the ride service parameters. For
example, a ride request may be associated with a maximum walking distance of 300 meters from a
starting point to a pick-up location. When assigning an available vehicle to pick-up the user, ridesharing
management server 150 may include in the assignment an assigned pick-up location within 300 meters or
less of the starting point. Similarly, a ride request may be associated with a maximum walking distance of
0.5 mile from a drop-off location to a desired destination. When assigning an available vehicle to pick-up
the user, ridesharing management server 150 may include in the assignment an assigned drop-off location
within 0.5 mile or less from the desired destination.

[0119] For requests associated with a maximum total walking distance of one mile during the
ride, when assigning an available vehicle to pick-up the user, ridesharing management server 150 may
include in the assignment an assigned pick-up location and an assigned drop-off location, a total of a
distance from the starting point to the assigned pick-up location and a distance from the assigned drop-off
location to a desired destination may be equal to or less than one mile.

[0120] In the above examples, the values regarding the walking distances are only exemplary.
Other embodiments consistent with the present disclosure may use different options of the distances and
may provide a list of options. The distances may further be measured in different units, for example,
miles, meters, kilometers, blocks, and feet, etc., which are not limited by the disclosed embodiments
herein. In some embodiments, the distance may further be represented by an average walking time from a
certain location to another, based on average walking speed, for example, ten minutes, five minutes, etc.

[0121] With respect to parameters regarding subsequent pick-ups, such as a maximum number
of subsequent pick-ups, and maximum delay of arrival incurred by subsequent pick-ups, ridesharing
management server 150 may assign subsequent pick-ups accordingly, without exceeding the parameters
set by the user. For example, a ride request may be associated with a maximum number of two
subsequent pick-ups during the ride. Ridesharing management server 150 may monitor the service status
of the vehicle assigned to pick-up the user, and refrain from assigning a third subsequent pick-up before
the vehicle arrives at the a drop-off location for dropping off the user. As another example, for a ride
request associated with a maximum delay of arrival of ten minutes, when assigning subsequent rider
requests, ridesharing management server 150 may calculate an estimated delay that may occur to the user
if the same vehicle was to undertake the subsequent ride request. If the estimated delay that may occur to
the user is more than ten minutes, ridesharing management server 150 may assign the subsequent ride
request to other available vehicles.

[0122] In some embodiments, the user may also input selection of toll road usage through the
associated user device, to allow or disallow use of toll roads. Ridesharing management server 150 may
then take the user’s selection into account when assigning an available vehicle for accommodating the
ride request, determining travel route, and calculating ride fare for the user. For example, ridesharing
management server 150 may adjust the ride fare amount for a corresponding user based on the toll roads

selection input and toll charges involved. For another example, if a first user does not permit toll road
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usage, before any subsequent pick-ups during the ride, ridesharing management server 150 may send a
route to an assigned vehicle that does not include tolf roads. For another example, if a subsequent user
sharing the ride permits usage of toll road, ridesharing management server 150 may not charge the first
user for any overlap portion of the ride where toll roads are used, change the route to include toll roads
after the first user is dropped off, or assign the second user to a ridesharing vehicle with users that permit
toll road usage.

[0123] In some embodiments, the ride request information may also be input from the driver
device, for example, driver device 120D, or from a device associated with the vehicle. In the case of street
hailing, where the user hails a vehicle on the street without using a vehicle ridesharing service application
on a mobile communications device, the driver, for example, driver 130D, may input information such as
the starting point/pick-up information and destination information through driver device 120D, which
may then be transmitted to ridesharing management server 150.

[0124] At step 413, ridesharing management server 150 may calculate an estimated pick-up
time, for example, based on a current location of an assigned vehicle and the first starting point included
in the first ride request. An estimated pick-up time may refer to a time period before an assigned vehicle
arrives at a pick-up location for picking up the user.

[0125] The assigned vehicle may refer to the vehicle that is assigned to undertake the first ride
request, for example, a taxi in a taxi fleet, one of a plurality of vehicles managed by a transportation
service system, or a plurality of vehicles owned by a plurality of owners and used to provide ridesharing
services. The pick-up location may be the same as the starting point, or an assigned pick-up location
associated with the starting point.

[0126] The estimated pick-up time may be determined based on a distance between a current
locatioﬁ of the assigned vehicle and the pick-up location, and an estimate speed of traveling along the
route between the two locations. The current location of the assigned vehicle may be determined by a
location service application installed on a driver device, a driving-control device, or by a location
determination component in the ridesharing management system 100, which may be a part of or separate
from ridesharing management server 150. In some embodiments, the estimated pick-up time may further
be determined based on historical or real-time traffic data, and a route currently followed by the vehicle.

[0127] In some embodiments, process 410 may further include locating one or a plurality of
potential available vehicles, and selecting an assigned vehicle therefrom. For example, potential available
vehicles may include vacant vehicles in the surrounding areas of the first starting point, and vehicles
heading to a location close to the first starting point for assigned pick-ups or drop-offs. Ridesharing
management server 150 may filter potential available vehicles by ride service parameters set by the users
who are inside the vehicle, for example, removing occupied vehicles where the a user inside the vehicle
does not permit subsequent pick-ups, or occupied vehicles where the user requires a minimal delay. In
some embodiments, ridesharing management server 150 may filter potential assignment vehicles by
choosing a vehicle that would involve minimal walking of the user, or walking without the need of

crossing the street. In some embodiments, ridesharing management server 150 may further filter potential
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assignment vehicles by choosing a vehicle that would involve minimal detour for the vehicle to arrive at
the pick-up location. In some embodiments, the assigned vehicle may be selected by applying multiple
filter criteria, or by applying multiple filter criteria in a certain order.

[0128] In some embodiments, the pick-up location may be an assigned pick-up location different
from the first starting point, for example, half a block or further away from the first starting point.
Ridesharing management server 150 may assign a pick-up location based on ride service parameters set
by the first user, as described above at step 411. Ridesharing management server 150 may further assign a
pick-up location which is along a main street where an assigned vehicle can easily locate, or a location
which would not require an assign vehicle to take a U-turn. In cases where there are one or more other
users in the vehicle, ridesharing management server 150 may assign a pick-up location close to the
vehicle’s next assigned drop-off, or on the side of a street where the vehicle will soon go through. In some
embodiments, ridesharing management server 150 may adjust selection of the pick-up location based on
filtering results of potential assignment vehicles, or vice versa. The two selection processes may
complement each other to reach one or more optimal combinations.

[0129] In some embodiments, where there are multiple potential assignment vehicles, each with
a corresponding potential pick-up location, an estimated pick-up time may be respectively calculated
corresponding to each of the potential assignment vehicles. Ridesharing management server 150 may then
choose the vehicle with the shortest estimated pick-up time to be the assigned vehicle.

[0130] At step 415, ridesharing management server 150 may send a first message to a user
device associated with the first user, which is, in this example, user device 120A. The first message may
be configured to cause an indication of the calculated first estimated pick-up time to appear on a display
of user device 120A. The message may appear in different formats, for example, a text message including
the estimated pick-up time, an audio message, or an image, the specific implementation of which are not
limited by the disclosed embodiments herein.

[0131] In one embodiment, the message includes a confirmation that the ridesharing request is
accepted. If ridesharing management server 150 assigns a pick-up location different from the starting
point, the message may further cause the display of an indication of the assigned pick-up location.
Ridesharing management server 150 may further provide a navigation option which may be displayed on
a user interface. A selection of the navigation option may then provide walking directions the user to the
assigned pick-up location for pick-up. The message may further cause a display of an indication of an
estimated walking distance from the starting point to the assigned pick-up location. In addition, the
message may include an estimated walking distance from the assigned drop-off location to the desired
destination. The assigned drop-off location may be a location close to the desired destination, within the
maximum walking distance parameters set by the first user. For example, the drop-off location may be at
a location half a block away or further from the desired destination, and may be along a main street where
the vehicle may easily locate and access. For another example, the drop-off location may be determined
based on a route towards the next pick-up location, such that the vehicle may easily drop-off the first user

on its way to the next pick-up location, thereby avoiding an extra detour.
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[0132] In another embodiment, the message may include one or more proposals associated with
different vehicles. Each proposal may include information about the proposed pick-up location. The
information about the proposed pick-up location may include the distance from the user to the proposed
pick-up location. Each proposal may include a price of the ride associated with the type of the ride, and an
estimation of a pick-up time. The estimate may be presented as a range. In one example, each proposal
may include different pick-up locations, different prices, and/or different estimations of a pick-up time.
According to this embodiment, step 415 may also include receiving a proposal selection reflective of a
selected pick-up vehicle and sending an addition message that includes information about the selected
vehicle, and the driver associated with the vehicle. For example, the vehicle information may include the
license plate number, brand, color, and/or model of the vehicle. The driver information may include a
name, nickname, profile photo, ratings, number of previous rides, and/or contact information of the
driver. The message may further include a contact option allowing the user to contact the driver, for
example, a “contact the driver” button, which the user may select to initiate a communication session with
the driver.

[0133] At step 417, ridesharing management server 150 may guide the assigned vehicle to the
first pick-up location for picking up the first user. For example, ridesharing management server 150 may
transmit direction information to the driver device associated with the assigned vehicle, for example,
driver device 120D or driving-control device 120F. In some embodiments, a navigation component of the
driver device, or the driving-control device may perform the step of guiding the vehicle to the first pick-
up location. Correspondingly, ridesharing management server 150, or a navigation component of the user
device 120A, may guide the user to the first pick-up location, in cases where the pick-up location is an
assigned pick-location different from the first starting point. For example, for autonomous vehicles used
for ridesharing services, such as autonomous vehicle 130F as shown in Fig. 1, the vehicle itself may be
capable of using a variety of techniques to detect its surroundings, identify feasible paths, and navigate
without direct human input.

[0134] In some embodiments, once the vehicle is assigned to pick-up the user, ridesharing
management server 150 may assign a communication channel for the driver associated with the assigned
vehicle to communicate with the user, for example, a masked phone number. In some embodiments, a
user interface of a driver device, such as driver device 120D, may include an option to send notification
messages to the user, for example, a pre-defined message button of “I’'m here.” Once the vehicle arrives
at the pick-up location, the driver may click the message button to send the message to the user. This way,
the driver may not need to dial out or type a message in order to notify the user of the vehicle’s arrival,
reducing driver distraction and associated safety hazards.

[0135] Atstep 419, ridesharing management server 150 may receive a second ride request from
a second user. In some embodiments, the second user request may be a street hailing request received
directly by the vehicle while the first user is still inside, namely, before dropping off the first user. The
vehicle may then undertake the second ride request, if the first user permits subsequent pick-ups. In some

embodiments, the driver of the vehicle may input the second ride request information through a driver
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device, for example, driver device 120D associated with driver 130D. The input may inform ridesharing
management server 150 that the vehicle has undertaken a second ride request, or may further include the
pick-up location and destination information of the second user. Ridesharing management server 150 may
then accordingly determine whether to assign additional pick-ups to the same vehicle, and may further
send direction information guiding the vehicle to the second user’s destination.

[0136] In some embodiments, the second ride request may be received by ridesharing

management server 150 from a second wireless mobile communications device, for example, user device

- 120B associated with user 130B as shown in Fig. 1. The second ride request may further include a second

starting point, and a second desired destination. Ridesharing management server 150 may then assign a
corresponding ride service to an available vehicle, which may be the vehicle that has picked up the first
user, before dropping off the first user. In processing the second ride request, the example process 420 as
shown in Fig. 4B may be performed.

[0137] At step 422, ridesharing management server 150 may calculate a second estimated pick-
up time, for example, based on a second current location of the vehicle and the second starting point. The
second estimated pick-up time may refer to an estimated time period before the vehicle arrives at a second
pick-up location for picking up the second user. The second pick-up location may be an assigned pick-up
location different from, but associated with, the second starting point. Assignment of the second pick-up
location may include similar steps as described above with reference to Fig. 4A, details of which are not
repeated herein.

[0138] At step 424, ridesharing management server 150 may send a second message to the
second wireless mobile communication device, which is user device 120B in this example. The second
message may be configured to cause an indication of the calculated second estimated pick-up time to
appear on a display of the second wireless mobile communication device. As described above with
reference to Fig. 4A, the message may appear in different formats, and may further cause a display of
multiple proposals with multiple options for the second pick-up location, walking distance, walking
directions from the second starting point to the second pick-up location, etc., the details of which are not
repeated herein.

[0139] In some embodiments, ridesharing management server 150 may set the second pick-up
location at substantially the same location as the first pick-up location, for example, half a block away, or
100 meters away from the first pick-up location. This way, the vehicle may pick-up both users at about
the same time at substantially the same location, further improving service efficiency. In some
embodiments, ridesharing management server 150 may set the second pick-up location at a substantially
the same location as the first drop-off location, wherein the vehicle may drop-off the first user, and pick-
up the second user at about the same time, without extra travelling. Further, in some embodiments, the
second drop-off location may be set at substantially the same location as the first drop-off location, such
that the vehicle may drop-off multiple users at the same time.

[0140] In some embodiments, ridesharing management server 150 may set the first pick-up

location to substantially differ from the first starting point, and the second pick-up location to

26



10

15

20

25

30

35

WO 2018/140505 PCT/US2018/015060
substantially differ from the second starting point, for example, to ensure both pick-up locations are along
the same side of the same street where the vehicle may go through. Ridesharing management server 150
may then send respective directions to the first user device and the second user device, to guide the users
to the respective pick-up locations.

[0141] In some embodiments, ridesharing management server 150 may set the first pick-up
location at substantially the same as the first starting point, and set the second pick-up location to
substantially differ from the second starting point. For example, the selection of the pick-up locations may
be made such that the first pick-up location and the second pick-up location are close to one another, both
pick-up locations are along the same street, or the second pick-up location is close to the first drop-off
location. Ridesharing management server 150 may then send respective directions to the first user device
and the second user device, to guide the users to the respective pick-up locations.

[0142] At step 426, ridesharing management server 150 may guide the vehicle to a second pick-
up location for picking up the second user. As described above with reference to Fig. 4A, this step may
also be performed by a navigation component of the driver’s device (e.g., driver device 120D or driving-
control device 120F associated with autonomous vehicle 130F).

[0143] In some embodiments, ridesharing management server 150 may change the first drop-off
location after receiving the second ride request, and the change may be made without pre-approval of the
first user. The first drop-off location refers to a location for dropping off the first user. As described above
with reference to Fig. 4A, the first drop-off location may be the same as the first desired destination, or at
a location different from the first desired destination.

[0144] For example, the second pick-up location may be set at a location close to the first
desired destination, included in the first ride request. When assigning the second ride request to the
vehicle, ridesharing management server 150 may change the first drop-off location to a location closer to
or at the first desired destination, thus reducing the walking distance for the first user to arrive at his
desired destination. For another example, the first drop-off location may be changed to a location where
the first user does not need to cross the street to arrive at his desired destination, without causing or
increasing detour for the vehicle to arrive at the second pick-up location.

[0145] In some embodiments, ridesharing management system 100 may subsequently receive a
plurality of subsequent ride requests. These additional ride requests may either be received by ridesharing
management server 150 and assigned to the vehicles, or received by the vehicles in the form of street
hailing. Steps described above with reference to Figs. 4A and 4B may similarly be used to process the
third ride request.

[0146] For example, ridesharing management server 150 may receive a third ride request from a
third user device, for example, user device 120C associated with user 130C, as shown in Fig. 1.
Ridesharing management server 150 may process the request and assign the request to the vehicle while
at least one of a first user and a second user is still in the vehicle. The third ride request may further
include a third starting point and a third desired destination. Ridesharing management server 150 may

calculate a third estimated pick-up time, and send a confirmation to a user’s device (e.g., user device
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120C). Ridesharing management server 150 may transmit direction and route information to the driver’s
device associated with the vehicle (e.g., driver device 120D as shown in Fig. 1), to guide the vehicle to
pick-up and drop-off user 130C.

[0147] As described above with reference to Figs. 4A and 4B, processing of subsequent ride
requests may take into account of the ride service parameters set by the users whose requests have
previously been received and assigned. For example, if both the first user and the second user are still in
the vehicle, and one of them has set a maximum delay of arrival, ridesharing management server 150 may
not assign the third request to the same vehicle if such assignment would cause a delay longer than the set
value. For example, if the first user has set a maximum delay of arrival of 10 minutes, ridesharing
management server 150 may calculate an estimated time period it takes for the vehicle to pick-up (and/or
drop-off) the third user before dropping off the first user. If the estimated time would cause a total delay
of arrival for the first user to exceed 10 minutes, ridesharing management server 150 may therefore assign
the third ride request to another vehicle. For another example, if the second user has set a maximum
number of one co-rider and the second user will be dropped off earlier than the first user, ridesharing
management server 150 may not assign to the same vehicle, as such assignment may cause violation of
the parameter (maximum number of one co-rider) set by the second user.

[0148] Fig. 5 is a diagram of three example timelines showing ridesharing arrangements, in
accordance with some embodiments of the present disclosure. As shown in example timelines 510, 520,
and 530, for a particular assigned vehicle undertaking a first ride request from a first user and a second
ride request from a second user, the order of pick-ups and drop-offs for the second user may vary. For
example, ridesharing management server 150 may receive a plurality of ride requests, design an optimal
path and pick-up/drop-off order for a particular assigned vehicle undertaking multiple requests, and
assign additional pick-ups as the vehicle completes a part of or all of the ride requests. For example, as
shown in example timeline 510, a vehicle may receive a second ride request after picking up the first user,
and drop-off the first user before dropping off the second user. A corresponding shared ride portion may
be the portion of ride between the pick-up of the second user and drop-off of the first user. As shown in
example timeline 520, the vehicle may receive a second ride request after picking up the first user, and
drop-off the second user before dropping off the first user. A corresponding shared ride portion may be
the portion of ride between the pick-up of the second user and drop-off the second user. As another
example, as shown in example timeline 530, the vehicle may receive the first ride request and the second
ride request before any pick-up. The vehicle may then pick-up the second user before picking up the first
user, and drop-off the second user before dropping off the first user. A corresponding shared ride portion
may be the portion of ride between pick-up of the first user and drop-off of the second user. Depending
on the order of pick-ups and drop-offs, the ridesharing management server may then determine a
corresponding shared ride portion, and calculate ride fare for each user based on, for example, the shared
portion, solo portion of each user, and/or other factors such as the ride service parameters set by each

user.

28



10

15

20

25

30

35

WO 2018/140505 PCT/US2018/015060
[0149] Under-Utilization of Vehicle Capacity

[0150] Embodiments of the present disclosure may allow for the implementation of capacity

blocks on rideshare vehicles. For example, the capacity blocks may ensure that the full capacity of the
rideshare vehicles is not used in regular operation. This may enhance the experience of users who might
otherwise feel cramped in vehicles at or near capacity. Indeed, some embodiments may implement the
threshold block across a fleet of ridesharing vehicles (e.g., by applying a threshold block to each vehicle
in the fleet, whether the same threshold or different thresholds and/or by applying an aggregate threshold
block to one or more parts of the fleet).

[0151] In addition, the capacity block may be adjusted based on tracking of passengers’ physical
conditions capable of impacting capacity of a ridesharing vehicle, tracking of passengers’ luggage
capable of impacting capacity of a ridesharing vehicle, or the like. Additionally of alternatively, the
capacity block may be overridden in particular circumstances (e.g., inclement weather, special events,
etc.). Such dynamic reassessment of the capacity block may increase the efficiency of a fleet of rideshare
vehicles on the whole.

[0152] Fig. 6 depicts an example of a memory module 600 for under-utilizing vehicle capacity.
Although depicted as a single memory in Fig. 6, memory 600 may comprise one or more non-volatile
(e.g., hard disk drive, flash memory, etc.) and/or volatile (e.g., RAM or the like) memories. In some
embodiments, memory 600 may be included in ridesharing management server 150. For example,
memory 600 may comprise, at least in part, a portion of memory 320.

[0153] As depicted in Fig. 6, memory 600 may include assignment module 610. Assignment
module 610 may receive requests for shared rides from a plurality of users. For example, assignment
module 610 may receive the requests using a communications interface. The communications interface
may comprise, for example, one or more network interface controllers (NICs). These one or more NICs
may communicate over one or more computer networks, such as the Internet, a local area network (LAN),
or the like.

[0154] Assignment module 610 may further assign the users to rideshare vehicles in a fleet. For
example, assignment module 610 may assign a first user to a first rideshare vehicle. In addition,
assignment module 610 may assign a second user to the first rideshare vehicle. For example, assignment
module 610 may combine the first user and the second user based on the closeness of a pick-up location
of the first user to a pick-up location and/or a destination of the second user, the closeness of a destination
of the first user to the pick-up location and/or the destination of the second user, overlap between a first
predicted route from the pick-up location of the first user to the destination of the first user and a second
predicted route from the pick-up location of the second user to the destination of the second user, or the
like. The predicted routes may be calculated using one or more maps, optionally in combination with
traffic information. The one or more maps may be retrieved from one or more memories and/or using the
communications interface. Similarly, the traffic information may be retrieved from one or more memories

and/or using the communications interface.
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[0155] As further depicted in Fig. 6, memory 600 may include capacity tracking module 620.

Capacity tracking module 620 may track a current utilized capacity in the rideshare fleet. For example,
capacity tracking module 620 may track the current utilized capacity of each specific ridesharing vehicle
in the fleet. For example, capacity tracking module 620 may track capacity using assignments from
assignment module 610. Additionally or alternatively, capacity tracking module 620 may track capacity
when users are picked up by rideshare vehicles, e.g., using signals received from one or more devices
(such as mobile communications device 200) associated with drivers of the rideshare vehicles and/or
signals received from one or more devices (such as mobile communications device 200) associated with
the users.

[0156] In some embodiments, capacity tracking module 620 may account for other factors that
impact capacity. For example, capacity tracking module 620 may track passengers’ physical condition
capable of impacting capacity of a ridesharing vehicle (e.g., based on signals from the one or more
devices associated with the users and/or from the one or more devices associated with the drivers
indicating whether a passenger has a wheelchair, crutches, or the like). In another example, capacity
tracking module 620 may track passengers’ luggage capable of impacting capacity of a ridesharing
vehicle (e.g., based on signals from the one or more devices associated with the users and/or from the one
or more devices associated with the drivers indicating amount and/or size of luggage, or the like).

[0157] As depicted in Fig. 6, memory 600 may include a threshold block module 630. Threshold
block module 630 may implement a threshold block when a ridesharing vehicle’s current utilized capacity
is above a threshold. For example, threshold block module 630 may receive the current utilized capacity
from capacity tracking module 620. In some embodiments, the threshold may be less than the ridesharing
vehicle’s passenger-capacity. For example, the threshold may be at least 10%, at least 15%, at least 20%,
at least 25%, or the like of the specific vehicle’s capacity. In a similar example, the threshold may be one
seat less than the specific vehicle’s capacity, two seats less, three seats less, or the like. The threshold
block may be implemented, for example, by sending a block signal to assignment module 610 to prevent
assignment of additional users to the ridesharing vehicle.

[0158] In some embodiments, threshold block module 630 may determine a value for the
threshold. For example, threshold block module 630 may access stored information about the ridesharing
vehicle to determine the value. The stored information may be in memory 600 and/or in one or more
additional memories. Additionally or alternatively, the stored information may be received over the
communications interface. In certain aspects, the stored information may include a model of the vehicle, a
make of the vehicle, a year of the vehicle, one or more passengers’ reviews of the vehicle, or the like.

[0159] In some embodiments, threshold block module 630 may override the threshold. For
example, threshold block module 630 may override the threshold block in response to a received
indication of an inclement weather condition, such as rain, snow, hail, or the like. In such an example, the
indication may be received from one or more memories and/or using the communications interface. In
another example, threshold block module 630 may override the threshold block override in response to a

received indication of a special event condition, such as a sporting event, a festival, a marathon, or the
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like. In such an example, the indication may be received from one or more memories and/or using the
communications interface. In yet another example, threshold block module 630 may override the
threshold block when an estimated time in which the ridesharing vehicle’s utilized capacity is above the
threshold is less than a predefined period of time, such as 1 minute, 3 minutes, 5 minutes, 10 minutes, or
the like. The predefined period of time may be fixed or may be dynamic (e.g., determined based on stored
information about the ridesharing vehicle). In a fourth example, threshold block module 630 may override
the threshold block in response to a received indication of an unscheduled-user condition (e.g., an
indication that three passengers entered to the van when only one passenger scheduled the ride). In such
an example, the indication may be received from one or more devices (such as mobile communications
device 200) associated with the drivers and/or signals received from one or more devices (such as mobile
communications device 200) associated with the users.

[0160] Memory 600 may further include a database access module 640, and may also include
database(s) 650. Database access module 640 may include software instructions executable to interact
with database(s) 650, to store and/or retrieve information (e.g., information about the ridesharing vehicle
as described above, weather information, traffic information, one or more maps, or the like).

[0161] Fig. 7 is a diagram of example timelines showing the use of threshold blocks in a
rideshare fleet, in accordance with some embodiments of the present disclosure. As shown in example
timeline 710, for a particular rideshare vehicle, ridesharing management server 150 may receive a first
request and a second request and assign both to the particular rideshare vehicle. In example timeline 710,
ridesharing management server 150 may implement a threshold block when the capacity of the particular
rideshare vehicle reaches 2. Accordingly, in example timeline 710, a third request is assigned to another
rideshare vehicle on account of the threshold block. Although depicted as tracking the capacity upon
assignment of the requests, ridesharing management server 150 may additionally or alternatively track the
capacity upon pick-up of the users.

[0162] As shown in example timeline 720, for a particular rideshare vehicle, ridesharing
management server 150 may receive an Nth request when the particular rideshare vehicle is at capacity 1
and assign the Nth request to the particular rideshare vehicle. In example timeline 720, ridesharing
management server 150 may implement a threshold block after assigning the Nth request (i.e., when the
capacity of the particular rideshare vehicle reaches 2). Accordingly, in example timeline 720, the (N+1)th
request is assigned to another rideshare vehicle on account of the threshold block. When the Nth user is
dropped off, the capacity may return to 1 and, accordingly, the (N+2)th request is assigned to the
particular rideshare vehicle. Similar to timeline 710, although depicted as tracking the capacity upon
assignment of the requests in timeline 720, ridesharing management server 150 may additionally or
alternatively track the capacity upon pick-up of the users.

[0163] As shown in example timeline 730, for a particular rideshare vehicle, ridesharing
management server 150 may receive an Nth request when the particular rideshare vehicle is at capacity 1
and assign the Nth request to the particular rideshare vehicle. In addition, ridesharing management server

150 may receive an (N+1)th request when the particular rideshare vehicle is at capacity 2 and assign the
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(N+1)th request to the particular rideshare vehicle. In example timeline 730, ridesharing management
server 150 may implement a threshold block after assigning the (N+1)th request (i.e., when the capacity
of the particular rideshare vehicle reaches 3). Accordingly, in example timeline 730, the (N+2)th request
is assigned to another rideshare vehicle on account of the threshold block. When the (N+1)th user is
dropped off, the capacity may return to 2 and, accordingly, the (N+2)th request may be re-assigned to the
particular rideshare vehicle. Similar to timelines 710 and 720, although depicted as tracking the capacity
upon assignment of the requests in timeline 730, ridesharing management server 150 may additionally or
alternatively track the capacity upon pick-up of the users.

[0164] As shown in example timeline 740, for a particular rideshare vehicle, ridesharing
management server 150 may receive a first request and a second request and assign both to the particular
rideshare vehicle. In example timeline 710, the first user may have an additional rider, one or more pieces
of luggage, and/or a physical condition that uses 3 seats of capacity rather than 1. Accordingly, because
ridesharing management server 150 may implement a threshold block when the capacity of the particular
rideshare vehicle reaches 3, the third user is re-assigned to another rideshare vehicle on account of the
threshold block activated upon pick-up of the first user.

[0165] Although the examples of Fig. 7 use a threshold block of 2, various thresholds may be
used, as explained above with regards to threshold block module 630. For example, the threshold may be
at least 10%, at least 15%, at least 20%, at least 25%, or the like of the specific vehicle’s capacity. In a
similar example, the threshold may be one seat less than the specific vehicle’s capacity, two seats less,
three seats less, or the like.

[0166] Fig. 8 depicts example method 800 for managing a fleet of ridesharing vehicles. Method
800 may, for example, be implemented by ridesharing management server 150 of Fig. 3.

[0167] At step 811, server 150 may assign, to ridesharing vehicles already transporting users,
additional users for simultaneous transportation in the ridesharing vehicles. For example, as explained
above with regards to assignment module 610, server 150 may make assignments based on the closeness
of pick-up locations of the users and the additional users, the closeness of destinations of the users and the
additional users, the closeness of pick-up locations of the users to destinations of the additional users (or
vice versa), overlap between predicted routes from the pick-up locations of the users to the destinations of
the additional users and predicted routes from the pick-up locations of the users to the destinations of the
additional users, or the like.

[0168] At step 813, server 150 may track a current utilized capacity of each specific ridesharing
vehicle. For example, as explained above with respect to capacity tracking module 620, server 150 may
track the current utilized capacity using the assignments. Additionally or alternatively, server 150 may
track the current utilized capacity when the users and/or the additional users are picked up by rideshare
vehicles, e.g., using signals received from one or more devices (such as mobile communications device
200) associated with a driver of the specific ridesharing vehicle and/or signals received from one or more
devices (such as mobile communications device 200) associated with the users and/or the additional

users.
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[0169] At step 815, server 150 may implement a threshold block that prevents assignment of
additional users to a ridesharing vehicle when the ridesharing vehicle’s current utilized capacity is above
a threshold being less than the ridesharing vehicle’s passenger-capacity. For example, server 150 may
implement the threshold block to prevent at least 10% (or at least 15%, at least 20%, at least 25%, or the
like) of the specific vehicle’s capacity from being utilized. For example, if the specific vehicle is an eight-
seat van, at least one seat or at least two seats may remain empty.

[0170] In some embodiments, server 150 may implement the threshold block across a fleet of
ridesharing vehicles. For example, server 150 may apply a threshold block to each rideshare vehicle in the
fleet. Additionally or alternatively, server 150 may implement one or more threshold blocks to one or
more groups of vehicles.

[0171] In some embodiments, server 150 may store information about the ridesharing vehicle.
For example, server 150 may store static information such as a year of the Vehiclé (e.g., 1999, 2005, 2017,
etc.), a make of the vehicle (e.g., GM, Honda, Hyundai, Lincoln, etc.) model of the vehicle (e.g., Camry,
Malibu, etc.).

[0172] Additionally or alternatively, server 150 may store dynamic information such as one or
more reviews of the vehicle by passengers. For example, server 150 may receive reviews (such as a
rating, like 4 out of 5 or “Good,” optionally coupled with comments from the user) from one or more
devices (such as mobile communications device 200) associated with the users and/or the additional
users. In such an example, server 150 may couple with received reviews with a capacity associated with
the reviews. For example, if a review is received from a user that rode in the vehicle when the capacity of
the vehicle was at 3, server 150 may associate the review with a capacity of 3. In an example where a user
rode in a vehicle during different capacities (e.g., began the ride at a capacity of 2 and ended the ride at a
capacity of 3), server 150 may associate with the review with an average of the different capacities, a
minimum of the different capacities, a maximum of the different capacities, or the like.

[0173] Based on the stored information, server 150 may determine a value for the threshold
based on information stored in the memory, the value being specific to each ridesharing vehicle. For
example, server 150 may determine a passenger-capacity of the specific ridesharing vehicle based on the
particular year, make, and/or model of the specific ridesharing vehicle. Server 150 may then determine a
value for the threshold such that the determined value for a specific ridesharing vehicle is one seat less
than the passenger-capacity of the specific ridesharing vehicle, the determined value for a specific
ridesharing vehicle is two seats less than the passenger-capacity of the specific ridesharing vehicle, the
determined value for a specific ridesharing vehicle is three seats less than the passenger-capacity of the
specific ridesharing vehicle, or the like. In a similar example, when a specific ridesharing vehicle has
more than ten seats, the determined value for the specific ridesharing vehicle may be less than ten seats.

[0174] Additionally or alternatively, server 150 may determine a value for the threshold based
on the reviews. For example, server 150 may determine the value based on the majority of reviews being
above a score threshold when the associated capacities are below the threshold and the majority of

reviews being below the score threshold when the associated capacities are above the threshold. In
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another example, server 150 may determine the value based on detected sentiment of comments included
with the reviews. In such an example, server 150 may determine the value for the threshold based on a
value of the associated capacities at which the detected sentiments changes from positive to negative or
based on a value of the associated capacities at which a negativity of the detected sentiments exceeds a
negativity threshold.

[0175] Method 800 may further include additional steps. For example, method 800 may include
overriding the threshold block in response to a received indication of an inclement weather condition. For
example, server 150 may receive an indication of rain, snow, hail, or other inclement weather conditions
and override the threshold block in response. Such an indication may be retrieved from one or more
memories and/or received using the communications interface (e.g., from a weather server and/or weather
update service using the Internet).

[0176] In another example, method 800 may include overriding the threshold block override in
response to a received indication of a special event condition. For example, server 150 may receive an
indication of a sporting event, a holiday, a festival, or other special event and override the threshold block
in response. Such an indication may be retrieved from one or more memories and/or received using the
communications interface (e.g., from a global calendar, a local calendar of events, a sports calendar, a
holiday database, or the like using the Internet).

[0177] In yet another example, method 800 may include overriding the threshold block when an
estimated time in which the ridesharing vehicle’s utilized capacity is above the threshold is less than a
predefined period of time. For example, server 150 may estimate the time based on an overlap between
the routes of the users and the routes of the additional users. The predefined period of time may be, for
example, 3 minutes, 5 minutes, 10 minutes, or the like.

[0178] In a fourth example, method 800 may include overriding the threshold block in response
to a received indication of an unscheduled-user condition. For example, server 150 may receive an
indication that more passengers entered the vehicle than initially indicated when the ride was scheduled
(e.g., 3 passengers enter when only 1 passenger requested a ride). Such an indication may be received
from one or more devices (such as mobile communications device 200) associated with the users.

[0179] Method 800 may further include cancelling the assignment of a first rideshare vehicle and
re-assigning a second rideshare vehicle in order to enable the first rideshare vehicle to pick-up a
passenger not originally assigned to the first rideshare vehicle. For example, if more passengers enter the
first vehicle than initially indicated when the ride was scheduled (e.g., 2 passengers enter when only 1
passenger requested a ride), server 150 may cancel another assignment to the first vehicle and re-assign
that request to a second vehicle. In some embodiments, the cancellation and rescheduling may be
performed any time that more passengers enter than originally indicated. In other embodiments, the
cancellation and rescheduling may only be performed when the extra passengers would cause the
threshold block to be exceeded. For example, if 2 passengers enter the first vehicle when only 1 passenger
requested a ride, and the other assignment to the first vehicle is for 2 passengers, server 150 may only

cancel and re-assign the other assignment if the threshold block for the first vehicle is less than 4. In
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another example, if 3 passengers enter the first vehicle when only 2 passengers requested a ride, and the
other assignment to the first vehicle is for 1 passenger, server 150 may only cancel and re-assign the other
assignment if the threshold block for the first vehicle is less than 4. The re-assignment may be
communicated to one or more devices (such as mobile communications device 200) associated with the
additional users.

[0180] Server 150 may also account for factors other than passenger count that may affect
capacity. For example, server 150 may track passengers’ luggage capable of impacting capacity of the
ridesharing vehicle. In such an example, server 150 may receive an indication that a user has one or more
suitcases, a bicycle, a music instrument, or the like. Based on this indication, server 150 may increase the
tracked utilized capacity of the vehicle to account for the luggage or otherwise assign fewer passengers to
the vehicle. Such an indication may be received from one or more devices (such as mobile
communications device 200) associated with the user. Additionally or alternatively, such an indication
may be received from one or more devices (such as mobile communications device 200) associated with a
driver of the vehicle (e.g., if the user failed to indicate s/he had any luggage when submitting a ride
request). In such an embodiment, server 150 may cancel one or more additional assignments to the
vehicle and re-assign a second rideshare vehicle in order to enable the vehicle to pick-up the luggage.

[0181] Additionally or alternatively, server 150 may track a passenger’s physical condition
capable of impacting capacity of the ridesharing vehicle. For example, server 150 may track if the user
has a wheelchair, a baby, crutches, injury, or the like, or is obese or has any other physical condition that
requires additional space. In such an example, server 150 may receive an indication of the physical
condition. Based on this indication, server 150 may increase the tracked utilized capacity of the vehicle to
account for the physical condition or otherwise assign fewer passengers to the vehicle. Such an indication
may be retrieved from one or more memories (e.g., a user database storing information associated with
user accounts including indications of physical conditions) and/or received from one or more devices
(such as mobile communications device 200) associated with the user. Additionally or alternatively, such
an indication may be received from one or more devices (such as mobile communications device 200)
associated with a driver of the vehicle (e.g., if the user failed to indicate s/he had a physical condition
when registering for a user account and/or submitting a ride request). In such an embodiment, server 150
may cancel one or more additional assignments to the vehicle and re-assign a second rideshare vehicle in
order to enable the vehicle to accommodate the physical condition.

[0182] Dynamic Re-Assignment of Vehicles

[0183] Embodiments of the present disclosure may allow for the dynamic re-assignment of
rideshare vehicles. For example, passenger assignments may be changed between a time of initial
assignment and a time of picking up the passenger. This may enhance the experience of users when a
vehicle to which they are initially assigned is delayed, for example, on account of traffic, weather, wrong
turns, or the like. In addition, the dynamic re-assignment may be used to allow the fleet of rideshare
vehicles to handle urgent requests. For example, users having a medical emergency, family emergency,

running late for a flight, or the like, may be prioritized to increase aggregate satisfaction across all users.
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[0184] Fig. 9 depicts an example of a memory module 900 for dynamic re-assignment of
rideshare vehicles. Although depicted as a single memory in Fig. 9, memory 900 may comprise one or
more non-volatile (e.g., hard disk drive, flash memory, etc.) and/or volatile (e.g., RAM or the like)
memories. In some embodiments, memory 900 may be included in ridesharing management server 150.
For example, memory 900 may comprise, at least in part, a portion of memory 320.

[0185] As depicted in Fig. 9, memory 900 may include location module 910. Location module
910 may determine pick-up locations for users assigned to ridesharing vehicles. For example, location
module 910 may receive location information (e.g., using GPS) from a first plurality of communication
devices (such as mobile communications device 200) associated with a plurality of users. In such an
example, the received location information may be included in ride requests as starting points.

[0186] Additionally, location module 910 may receive location information from a second
plurality of communication devices (such as mobile communications device 200) associated with a
plurality of ridesharing vehicles. In such an embodiment, location module 910 may continuously receive
location information from the first and second pluralities of communication devices. As used herein,
“continuously” does not necessarily mean without interruption but may refer to the receipt of information
in a discretized manner having spacings (and/or interruptions) each below a threshold of time, such as 50
ms, 100 ms, 500 msec, 1 sec, 5 sec, 10 sec, 30 sec, or the like.

[0187] Location module 910 may determine pick-up locations for a first group of users assigned
to a first ridesharing vehicle. For example, location module 910 may determine the pick-up locations
based on one or more optimization models run on one or more predicted routes between starting points
and destinations of the users. The one or more optimization models may include a shortest distance
optimization, a shortest travel time optimization (e.g., accounting for speed limits, traffic, wrong turns,
etc.), a combination of distance and travel time optimization, a fuel efficiency optimization (e.g., based on
known fuel ratings of the ridesharing vehicle), an electric battery charge optimization, or the like. For
example, any solution to the P v. NP problem later derived may also be incorporated into the optimization
models. For at least some of the first group of users, the determined pick-up locations may differ from the
starting points.

[0188] Additionally or alternatively, location module 910 may determine drop-off locations for a
first group of users assigned to a first ridesharing vehicle. For example, location module 910 may
determine the drop-off locations based on one or more optimization models run on one or more predicted
routes between starting points and destinations of the users. The one or more optimization models may
include a shortest distance optimization, a shortest travel time optimization (e.g., accounting for speed
limits, traffic, wrong turns, etc.), a fuel efficiency optimization (e.g., based on known fuel ratings of the
ridesharing vehicle), or the like. For example, any solution to the P v. NP problem later derived may also
be incorporated into the optimization models. For at least some of the first group of users, the determined
drop-off locations may differ from the destinations.

[0189] The pick-up locations and/or drop-off locations may be changed depending on

cancellations and re-assignments performed by assignment module 920. For example, location module
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910 may change at least one drop-off location of at least one second user in a second ridesharing vehicle
after assignment of the second ridesharing vehicle to a first user. In a similar example, location module
910 may change a pick-up location of the first user after cancellation of an assignment of a first
ridesharing vehicle to the first user and/or after re-assignment of the second ridesharing vehicle to the first
user.

[0190] In some embodiments, location module 910 may also send data to at least some of the
first group of users to guide each user to a respective pick-up location different from a corresponding
starting point of each said user. For example, location module 910 may send GPS coordinates of the pick-
up locations, physical addresses of the pick-up locations, or the like to devices of the first plurality of
communication devices (such as mobile communications device 200) associated with the at least some of
the first group of users. Each device may use received coordinates, a received address, or the like to route
(e.g., via walking) the associated user from a current location of the device to the pick-up location. In
another example, location module 910 may determine routes (e.g., via walking) from current locations
received from the devices to the pick-up locations and send the route to the devices. Accordingly, location
module 910 may send to the at least some of the first group of users walking directions to the respective
pick-up locations.

[0191] Additionally or alternatively, location module 910 may send to the at least some of the
first group of users at least one of a location and an address of the respective pick-up locations. For
example, location module 910 may send GPS coordinates of the respective pick-up locations, physical
addresses of the pick-up locations, or the like to devices of the first plurality of communication devices
(such as mobile communications device 200) associated with the at least some of the first group of users.
Guiding the at least some of the first group of users (e.g., using routes and/or walking directions as
described above) may be performed by the devices.

[0192] As further depicted in Fig. 9, memory 900 may include assignment module 920.
Assignment module 920 may receive ride requests from a first plurality of communication devices (such
as mobile communications device 200) associated with a plurality of users. For example, assignment
module 920 may receive the requests using a communications interface. The communications interface
may comprise, for example, one or more network interface controllers (NICs). These one or more NICs
may communicate over one or more computer networks, such as the Internet, a local area network (LAN),
or the like.

[0193] Assignment module 920 may further assign the rideshare vehicles in a fleet to pick-up a
plurality of users. For example, assignment module 920 may assign a first ridesharing vehicle to pick-up a
first group of the plurality of users. For example, assignment module 920 may combine users to form the
first group based on the closeness of the pick-up location of one user in the first group to a pick-up
location and/or a destination of another user in the first group, the closeness of a destination of the user in
the first group to the pick-up location and/or the destination of the other user in the first group, overlap
between a first predicted route from the pick-up location of the user to the destination of the user and a

second predicted route from the pick-up location of the other user to the destination of the other user, or
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the like. The predicted routes may be calculated using one or more maps, optionally in combination with
traffic information. The one or more maps may be retrieved from one or more memories and/or using the
communications interface. Similarly, the traffic information may be retrieved from one or more memories
and/or using the communications interface.

[0194] In some embodiments, assignment module 920 may cooperate with location module 910
to perform dynamic re-assignment. For example, prior to a first user arriving at a first pick-up location,
assignment module 920 may cancel the assignment of a first ridesharing vehicle to the first user while
maintaining the assignment of the first ridesharing vehicle to others of the first group of users.
Additionally or alternatively, assignment module 920 may cooperate with prediction module 930 to
perform dynamic re-assignment. For example, assignment module 920 may re-assign the first user to a
second ridesharing vehicle, e.g., when a predicted passing time when a second ridesharing vehicle may
pass the first pick-up location is after a predicted arrival time when the first user will arrive at the first
pick-up location. In some embodiments, the second ridesharing vehicle may be carrying at least one
second user while being assigned to the first user. For example, assignment module 920 may assign to the
second ridesharing vehicle (e.g., a van) already transporting at least four second users for simultaneous
transportation with the first user. In another example, assignment module 920 may assign to the second
ridesharing vehicle (e.g., a taxi) already transporting one or two second users for simultaneous
transportation with the first user.

[0195] The re-assignment may be performed similar to the initial assignment. For example,
assignment module 920 may assign the first user to the second ridesharing vehicle based on a current
location of the second ridesharing vehicle and a desired destination of the at least one second user.
Additionally or alternatively, assignment module 920 may assign the first user to the second ridesharing
vehicle based on an overlap between a current route of the second ridesharing vehicle and a predicted
route from the first pick-up location to the destination of the first user, or the like.

[0196] Additional dynamic re-assignments may be performed by assignment module 920. For
example, assignment module 920 may cancel the assignment of the first rideshare vehicle when an
estimated arrival time of the first ridesharing vehicle is before an estimated arrival time of the first user.
In certain aspects, assignment module 920 may cancel the assignment of the first rideshare vehicle when
the estimated arrival time of the first ridesharing vehicle is more than a predetermined period of time
(e.g., 0.5 minutes, 1 minute, 2 minutes, 3 minutes, 5 minutes, or the like) before the estimated arrival time -
of the first user. In another example, assignment module 920 may cancel the assignment of the first
rideshare vehicle when a delay in an arrival of the first ridesharing vehicle at the first pick-up location is
predicted. In certain aspects, assignment module 920 may cancel the assignment when the predicted delay
is more than a predetermined period of time (e.g., 5 minutes, 10 minutes, 15 minutes, or the like) as
compared to an original estimated arrival time of the first ridesharing vehicle at the first pick-up location,
and the second ridesharing vehicle that may be reassigned with the first user is predicted to pass first

pick-up location earlier than first ridesharing vehicle.
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[0197] As explained above with respect to Fig. 6, assignment module 920 may cancel the
assignment of the first rideshare vehicle and re-assign the second rideshare vehicle to enable the first
rideshare vehicle to pick-up a passenger not originally assigned to the first rideshare vehicle (e.g., 4
passengers enter when only 2 passengers requested a ride). For example, if the first rideshare vehicle has
more passengers board than were initially requested prior to picking up the first user, the second rideshare
vehicle may be re-assigned to the first user. In certain aspects, the second rideshare vehicle may be re-
assigned only if the total passengers in the first rideshare vehicle exceed a threshold (e.g., 2 passengers, 4
passengers, a threshold block as described above, etc.).

[0198] In general, assignment module 920 may re-assign the second rideshare vehicle in order to
minimize a total waiting time of the plurality of users. For example, assignment module 920 may
determine that re-assigning the second rideshare vehicle to one or more users initially assigned to the first
rideshare vehicle (such as the first user) results in a lower total waiting time (i.e., a total waiting time for
each user assigned to the first rideshare vehicle and each user assigned to the second rideshare vehicle)
and then perform the re-assignment. The predicted total waiting time may depend on routes between
starting locations of the users and pick-up locations of the users as well as predicted arrival times for the
first rideshare vehicle and/or the second rideshare vehicle at the pick-up locations.

[0199] Additionally or alternatively, assignment module 920 may re-assign the second rideshare
vehicle in order to minimize a total travel time of the plurality of users. For example, assignment module
920 may determine that re-assigning the second rideshare vehicle to one or more users initially assigned
to the first rideshare vehicle (such as the first user) results in a lower total travel time (i.e., a total travel
time for each user assigned to the first rideshare vehicle and each user assigned to the second rideshare
vehicle) and then perform the re-assignment. The predicted total travel time may depend on routes
between pick-up locations of the users and drop-off locations of the users as well as predicted arrival
times for the first rideshare vehicle and/or the second rideshare vehicle at the drop-off locations and may
change in real time due to wrong turns and/or changes in traffic conditions.

[0200] Any time the assignment of the first ridesharing vehicle to the first user is cancelled, the
route of the first ridesharing vehicle may be automatically updated. For example, the first ridesharing
vehicle may be re-routed to bypass the pick-up location of the first user and therefore reach another pick-
up location or drop-off location at an earlier time and/or after traversing a shorter distance. Assignment
module 920 may further guide the first ridesharing vehicle to the other pick-up location or drop-off
location. For example, assignment module 920 may send the updated route to one or more devices of the
second plurality of communication devices (such as mobile communications device 200) associated with
the first ridesharing vehicle.

[0201] Similarly, any time the first user is re-assigned to the second ridesharing vehicle, the
route of the second ridesharing vehicle may be automatically updated. For example, the second
ridesharing vehicle may be re-routed to pass the pick-up location of the first user, optionally before
another pick-up location or drop-off location of the at least one second user. Assignment module 920 may

guide the second ridesharing vehicle to the first pick-up location. For example, assignment module 920
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may send a route (or updated route) to one or more devices of the second plurality of communication
devices (such as mobile communications device 200) associated with the second ridesharing vehicle.

[0202] As further depicted in Fig. 9, memory 900 may include prediction module 930.
Prediction module 930 may use the location information from the first and second pluralities of
communication devices to estimate arrival times at respective pick-up locations. For example, prediction
module 930 may use information received from a first communications device (e.g., derived from a GPS
of the first communications device) of a first user to predict when the first user will arrive at the assigned
first pick-up location. Additionally or alternatively, information used for predicting when the first user
will arrive at the assigned first pick-up location may be derived from the ride request (e.g., which may
include a current location of the first user). In another example, prediction module 930 may use
information received from a second communications device (e.g., derived from a GPS of the second
communications device) of the first ridesharing vehicle to predict when the first ridesharing vehicle will
arrive at the assigned first pick-up location.

[0203] Similarly, prediction module 930 may use information received from a second
communications device (e.g., derived from a GPS of the second communications device) of a second
ridesharing vehicle to predict when a second ridesharing vehicle may pass the first pick-up location.
Prediction module 930 may then compare the predicted passing time of the second ridesharing vehicle
with the arrival time of the first user.

[0204] Prediction module 930 may make additional or alternative comparisons. For example,
prediction module 930 may compare a predicted passing time of the first ridesharing vehicle with the
arrival time of the first user and/or any other user. In another example, prediction module 930 may
compare a predicted passing time of a third ridesharing vehicle with the arrival time of the first user
and/or any other user.

[0205] In embodiments where location module 910 continuously receives location information
from the first and second pluralities of communication devices, prediction module 930 may use the
continuously received location information to estimate arrival times at respective pick-up locations,
similar to the examples explained above. In such embodiments, prediction module 930 may additionally
or alternatively use the continuously received location information to predict a delay in an arrival of the
first ridesharing vehicle at the first pick-up location. For example, prediction module 930 may use
weather, traffic information, and/or information about emergency (e.g., fire, police, medical, etc.) activity
(e.g., received using the communications interface and/or retrieved from one or more memories) to
predict the delay. Additionally or alternatively, prediction module 930 may compare the continuously
received location information with a predicted route to determine if any wrong turns, unexpected slow
downs, wrong turns, or the like, cause the first ridesharing vehicle to be at a different portion of the route
than expected. Additionally or alternatively, prediction module 930 may receive information from one or
more second communication devices regarding a malfunctioning of an associated ridesharing vehicle and
predict a delay therefrom. Any of the above examples may similarly be used to predict a delay in arrival

of one or more users and/or one or more additional ridesharing vehicles.
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[0206] Memory 900 may further include a database access module 940, and may also include

database(s) 950. Database access module 940 may include software instructions executable to interact
with database(s) 950, to store and/or retrieve information (e.g., information used to perform any of the
predictions described above, weather information, traffic information, one or more maps, or the like).

[0207] Fig. 10A is a diagram of example timelines showing the use of dynamic re-assignment in
a rideshare fleet, in accordance with some embodiments of the present disclosure. As shown in example
timeline 1010, ridesharing management server 150 may receive a first request from a first user, a second
request from a second user, and a third request from a third user. Ridesharing management server 150
may assign the first request, the second request, and the third request to a first ridesharing vehicle.
Accordingly, the first user, the second user, and the third user may form a first group of users.

[0208] After assignment, ridesharing management server 150 may determine a first pick-up
location for the first user, a second pick-up location for the second user, and a third pick-up location for
the third user. For at least one of the users, the corresponding pick-up location may be different from a
starting point included in the corresponding request. Additionally or alternatively, ridesharing
management server 150 may determine a first drop-off location for the first user, a second drop-off
location for the second user, and a third drop-off location for the third user. For at least one of the users,
the corresponding drop-off location may be different from a desired destination included in the
corresponding request.

[0209] In example timeline 1010, ridesharing management server 150 may predict an arrival
time for the first user at the first pick-up location, an arrival time for the second user at the second pick-up
location, and an arrival time for the third user at the third pick-up location. For example, ridesharing
management server 150 may use information received from a first communications device of the first user
to predict the arrival time for the first user, may use information received from a first communications
device of the second user to predict the arrival time for the second user, and/or may use information
received from a first communications device of the third user to predict the arrival time for the third user.

[0210] As further shown in example timeline 1010, prior to the first user arriving at the first
pick-up location, ridesharing management server 150 may cancel the assignment of the first ridesharing
vehicle to the first user while maintaining the assignment of the first ridesharing vehicle to others of the
first group of users. Further, ridesharing management server 150 may predict when a second ridesharing
vehicle may pass the first pick-up location. For example, ridesharing management server 150 may use
information received from a second communications device associated with the second ridesharing
vehicle. In example timeline 1010, because the predicted passing time of the second ridesharing vehicle is
after the predicted arrival time of the first user, ridesharing server 150 may re-assign the first user to the
second ridesharing vehicle.

[0211] As shown in example timeline 1020, ridesharing management server 150 may receive a
first request from a first user and a second request from a second user. Ridesharing management server
150 may assign the first request and the second request to a first ridesharing vehicle. Accordingly, the

first user and the second user may form a first group of users.
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[0212] After assignment, ridesharing management server 150 may determine a first pick-up
location for the first user and a second pick-up location for the second user. For at least one of the users,
the corresponding pick-up location may be different from a starting point included in the corresponding
request. Additionally or alternatively, ridesharing management server 150 may determine a first drop-off
location for the first user and a second drop-off location for the second user. For at least one of the users,
the corresponding drop-off location may be different from a desired destination included in the
corresponding request.

[0213] In example timeline 1020, ridesharing management server 150 may predict an arrival
time for the first user at the first pick-up location, an arrival time for the second user at the second pick-up
location, and an arrival time of the first ridesharing vehicle at the first pick-up location and/or the second
pick-up location. For example, ridesharing management server 150 may use information received from a
first communications device of the first user to predict the arrival time for the first user, may use
information received from a first communications device of the second user to predict the arrival time for
the second user, and/or may use information received from a second communications device associated
with the first ridesharing vehicle.

[0214] Ridesharing management server 150 may continuously receive location information to
estimate arrival times at respective pick-up locations. Accordingly, in example timeline 1020, ridesharing
management server 150 may calculate an updated arrival time of the first ridesharing vehicle at the first
pick-up location and/or the second pick-up location. Although not depicted in Fig. 104, ridesharing
server 150 may additionally or alternatively calculate an updated arrival time for the first user at the first
pick-up location and/or an updated arrival time for the second user at the second pick-up location.

[0215] As further shown in example timeline 1020, ridesharing management server 150 may
cancel the assignment of the first rideshare vehicle when the estimated arrival time of the first ridesharing
vehicle is before the estimate arrival time of the first user. Accordingly, ridesharing management server
150 cancels the assignment when the updated arrival time of the first ridesharing vehicle at the first pick-
up location and/or the second pick-up location is before the arrival time for the first user at the first pick-
up location. In some embodiments, ridesharing management server 150 may cancel the assignment of the
first rideshare vehicle when the estimated arrival time of the first ridesharing vehicle is more than a
predetermined period of time (e.g., 0.5 minutes, 1 minute, 2 minutes, 3 minutes , 5 minutes, etc.) before
the estimated arrival time of the first user.

[0216] Although not depicted in Fig. 10A, ridesharing management server 150 may further
predict when a second ridesharing vehicle may pass the first pick-up location, compare the predicted
passing time of the second ridesharing vehicle with the arrival time of the first user, and re-assign the first
user to the second ridesharing vehicle when the predicted passing time is after the predicted arrival time.

[0217] As shown in example timeline 1030, ridesharing management server 150 may receive a
first request from a first user and a second request from a second user. Ridesharing management server
150 may assign the first request and the second request to a first ridesharing vehicle. Accordingly, the

first user and the second user may form a first group of users.
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[0218] After assignment, ridesharing management server 150 may determine a first pick-up
location for the first user and a second pick-up location for the second user. For at least one of the users,
the corresponding pick-up location may be different from a starting point included in the corresponding
request. Additionally or alternatively, ridesharing management server 150 may determine a first drop-off
location for the first user and a second drop-off location for the second user. For at least one of the users,
the corresponding drop-off location may be different from a desired destination included in the
corresponding request.

[0219] In example timeline 1030, ridesharing management server 150 may predict an arrival
time for the first user at the first pick-up location, an arrival time for the second user at the second pick-up
location, and an arrival time of the first ridesharing vehicle at the first pick-up location and/or the second
pick-up location. For example, ridesharing management server 150 may use information received from a
first communications device of the first user to predict the arrival time for the first user, may use
information received from a first communications device of the second user to predict the arrival time for
the second user, and/or may use information received from a second communications device associated
with the first ridesharing vehicle.

[0220] Ridesharing management server 150 may continuously receive location information to
estimate arrival times at respective pick-up locations. Accordingly, in example timeline 1030, ridesharing
management server 150 may calculate an updated arrival time of the first ridesharing vehicle at the first
pick-up location and/or the second pick-up location. Although not depicted in Fig. 10A, ridesharing
server 150 may additionally or alternatively calculate an updated arrival time for the first user at the first
pick-up location and/or an updated arrival time for the second user at the second pick-up location. In the
example of timeline 1030, ridesharing management server 150 has predicted a delay in an arrival of the
first ridesharing vehicle at the first pick-up location and/or the second pick-up location. For example, the
delay may be due to traffic, weather, vehicle malfunction, police activity, wrong turns, or the like.

[0221] As further shown in example timeline 1030, ridesharing management server 150 may
cancel the assignment of the first rideshare vehicle because the delay is predicted. Accordingly,
ridesharing management server 150 cancels the assignment when the updated arrival time of the first
ridesharing vehicle is after the original estimated arrival time of the first ridesharing vehicle. In some
embodiments, ridesharing management server 150 may cancel the assignment of the first rideshare
vehicle when the estimated arrival time of the first ridesharing vehicle is more than a predetermined
period of time (e.g., S minutes, 10 minutes, 15 minutes, etc.) later than the original estimated arrival time
of the first ridesharing vehicle.

[0222] Although not depicted in Fig. 10A, ridesharing management server 150 may further
predict when a second ridesharing vehicle may pass the first pick-up location, compare the predicted
passing time of the second ridesharing vehicle with the arrival time of the first user, and re-assign the first
user to the second ridesharing vehicle when the predicted passing time is before the predicted arrival time.
In addition, in some embodiments, ridesharing manager server may cancel the assignment of the first user

to the first ridesharing vehicles only if reassignment to the second ridesharing vehicle succeeds.
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[0223] Fig. 10B is a diagram of additional example timelines showing the use of dynamic re-
assignment in a rideshare fleet, in accordance with some embodiments of the present disclosure. As
shown in example timeline 1040, ridesharing management server 150 rhay receive a first request from a
first user, a second request from a second user, and a third request from a third user. Ridesharing
management server 150 may assign the first request, the second request, and the third request to a first
ridesharing vehicle. Accordingly, the first user, the second user, and the third user may form a first group
of users.

[0224] After assignment, ridesharing management server 150 may determine a first pick-up
location for the first user, a second pick-up location for the second user, and a third pick-up location for
the third user. For at least one of the users, the corresponding pick-up location may be different from a
starting point included in the corresponding request. Additionally or alternatively, ridesharing
management server 150 may determine a first drop-off location for the first user, a second drop-off
location for the second user, and a third drop-off location for the third user. For at least one of the users,
the corresponding drop-off location may be different from a desired destination included in the
corresponding request.

[0225] In example timeline 1040, ridesharing management server 150 may predict an arrival
time for the first user at the first pick-up location, an arrival time for the second user at the second pick-up
location, and an arrival time for the third user at the third pick-up location. For example, ridesharing
management server 150 may use information received from a first communications device of the first user
to predict the arrival time for the first user, may use information received from a first communications
device of the second user to predict the arrival time for the second user, and/or may use information
received from a first communications device of the third user to predict the arrival time for the third user.

[0226] As further shown in example timeline 1040, the first ridesharing vehicle may pick-up the
first user (e.g., from the first pick-up location). Thereafter, the first ridesharing vehicle may pick-up the
third user (e.g., from the third pick-up location). In the example of timeline 1040, although the third user
has only requested a ride for a single passenger, two passengers actually board the first ridesharing
vehicle. In one example, a second communications device associated with the first ridesharing vehicle
may send a signal to ridesharing management server 150 regarding the passenger not originally assigned
to the first rideshare vehicle. In response, ridesharing management server 150 cancels the assignment of
the first rideshare vehicle in order to enable the first rideshare vehicle to pick-up a passenger not
originally assigned to the first rideshare vehicle. Although not depicted in Fig. 10B, ridesharing
management server 150 may further re-assign a second ridesharing vehicle to the second user. For
example, ridesharing management server 150 may predict when the second ridesharing vehicle may pass
the second pick-up location and re-assign the second ridesharing vehicle when the predicted passing time
is after the predicted arrival time of the second user or after the planned pickup time of the second user.

[0227] As shown in example timeline 1050, ridesharing management server 150 may receive a

first request from a first user and a second request from a second user. Ridesharing management server
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150 may assign the first request and the second request to a first ridesharing vehicle. Accordingly, the
first user and the second user may form a first group of users.

[0228] After assignment, ridesharing management server 150 may determine a first pick-up
location for the first user and a second pick-up location for the second user. For at least one of the users,
the corresponding pick-up location may be different from a starting point included in the corresponding
request. Additionally or alternatively, ridesharing management server 150 may determine a first drop-off
location for the first user and a second drop-off location for the second user. For at least one of the users,
the corresponding drop-off location may be different from a desired destination included in the
corresponding request.

[0229] In example timeline 1050, ridesharing management server 150 may predict an arrival
time for the first user at the first pick-up location, an arrival time for the second user at the second pick-up
location, and an arrival time of the first ridesharing vehicle at the first pick-up location and/or the second
pick-up location. For example, ridesharing management server 150 may use information received from a
first communications device of the first user to predict the arrival time for the first user, may use
information received from a first communications device of the second user to predict the arrival time for
the second user, and/or may use information received from a second communications device associated
with the first ridesharing vehicle.

[0230] Ridesharing management server 150 may further determine a total waiting time of the
plurality of users. For example, each difference between the predicted arrival time of a user and the
predicted arrival time of the first ridesharing vehicle may be summed. In embodiments where the
predicted arrival time of the first ridesharing vehicle is before a predicted arrival time of one or more of
the users, ridesharing management server 150 may either subtract the difference between the arrival times
from the total waiting time or may ignore the one or more of the users in determining the total waiting
time.

[0231] As further shown in example timeline 1050, ridesharing management server 150 may
cancel the assignment of the first rideshare vehicle to the second user and re-assign the second rideshare
vehicle in order to minimize a total waiting time of the plurality of users. For example, ridesharing
management server 150 may predict an arrival time of the second ridesharing vehicle at the second pick-
up location and, therefrom, predict an updated total waiting time if the second ridesharing vehicle were to
be re-assigned to the second user. If the updated total waiting time is less than the initial total waiting
time, ridesharing management server 150 may cancel the assignment of the first rideshare vehicle to the
second user and re-assign the second rideshare vehicle.

[0232] Additionally or alternatively, the second user may also be re-assigned to a new pick-up
location during re-assignment. In such an embodiment, ridesharing management server 150 may predict
an arrival time of the second ridesharing vehicle at the updated pick-up location and predict an arrival
time of the second user at the updated pick-up location. Based on the arrival times at the updated pick-up
location, ridesharing management server 150 may predict an updated total waiting time if the second

ridesharing vehicle were to be re-assigned to the second user. If the updated total waiting time is less than

45



10

15

20

25

30

35

WO 2018/140505 PCT/US2018/015060

the initial total waiting time, ridesharing management server 150 may cancel the assignment of the first
rideshare vehicle to the second user, re-assign the second rideshare vehicle, and send the updated pick-up
location to the second user.

[0233] Although not depicted in Fig. 10B, ridesharing management server 150 may decline to
re-assign the second ridesharing vehicle even if the updated total waiting time is less than the initial total
waiting time. For example, one or more thresholds (e.g., 10 minutes, 15 minutes, or the like) may be
applied to a predicted waiting time for an individual user. In this example, ridesharing management server
150 may decline to re-assign the second ridesharing vehicle if the re-assignment would result in a
predicted waiting time for a user exceeding the threshold. Accordingly, inconveniences to individual
users may be capped in order to encourage such users to become repeat riders and enjoy the advantages of
fleet-wide optimization on one or more future trips.

[0234] Any of the examples of Figs. 10A and 10B may be combined. For example, the
minimization of total wait time in example timeline 1050 may be applied to any of the example timelines
1010, 1020, 1030, and/or 1040. In another example, the enablement of a rideshare vehicle to pick-up a
passenger not originally assigned to the rideshare vehicle in example timeline 1040 may be applied to any
of the example timelines 1010, 1020, 1030, and/or 1050.

[0235] Figs. 11A and 11B depict example method 1100 for managing a fleet of ridesharing
vehicles. Method 1100 may, for example, be implemented by ridesharing management server 150 of Fig.
3.

[0236] At step 1107, server 150 may receive ride requests from a first plurality of
communication devices associated with a plurality of users. For example, server 150 may receive the ride
requests using one or more communications interfaces (such as communications interface 360). In some
embodiments, each ride request includes a starting point and a desired destination corresponding to each
of the plurality of users. The starting point may be included as GPS coordinates, a physical address, or the
like. Similarly, the desired destination may be included as GPS coordinates, a physical address, or the
like.

[0237] At step 1109, server 150 may receive location information from a second plurality of
communication devices associated with a plurality of ridesharing vehicles. For example, server 150 may
receive the ride requests using one or more communications interfaces (such as communications interface
360). In some embodiments, the location information may include information derived from one or more
GPS devices of the second communications devices.

[0238] Atstep 1111, server 150 may assign a first ridesharing vehicle to pick-up a first group of
the plurality of users. For example, the first group may include a first user, a second user, a third user, etc.
Some users may be included in the same request (e.g., if a first user and a second user are included in a
first request). As explained above with regards to assignment module 920, server 150 may assemble the
first group of the plurality of users based on the closeness of starting points of the assembled users, the
closeness of the desired destinations of the assembled users, the closeness of the starting points of some

of the first group to desired destinations of others of the first group, overlap between predicted routes
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from the starting points to the desired destinations of some of first group and predicted routes from the
starting points to the desired destinations of others of the first group, or the like.

[0239] Atstep 1113, server 150 may determine pick-up locations for the first group of users. For
example, sever 150 may determine a pick-up location for each user in the first group of users at which the
corresponding user will meet the first ridesharing vehicle. For at least some of the first group of users, the
determined pick-up locations may differ from the starting points.

[0240] At step 1115, server 150 may send data to the at least some of the first group of users to
guide each user to a respective pick-up location different from a corresponding starting point of each said
user. For example, server 150 may send to at least some of the first group of users at least one of a
location and an address of the respective pick-up locations. In this example, server 150 may send the
location (e.g., GPS coordinates) and/or the address to a corresponding first communications device
associated with the corresponding user. Additionally or alternatively, server 150 may send to at least
some of the first group of users walking directions to the respective pick-up locations.

[0241] Atstep 1117, server 150 may use information received from a first communications
device of a first user to predict when the first user will arrive the assigned first pick-up location. For
example, the information used for predicting when the first user will arrive at the assigned first pick-up
location may be derived from the ride request. Additionally or alternatively, the information used for
predicting when the first user will arrive at the assigned first pick-up location is derived from a GPS of
the first communications device.

[0242] At step 1119, prior to the first user arriving at a first pick-up location, server 150 may
cancel the assignment of the first ridesharing vehicle to the first user while maintaining the assignment of
the first ridesharing vehicle to others of the first group of users. For example, server 150 may send the
cancellation to a second communications device associated with the first ridesharing vehicle and/or to the
first communications device associated with the first user.

[0243] Additionally or alternatively, server 150 may cancel the assignment of the first rideshare
vehicle when an estimated arrival time of the first ridesharing vehicle is before the estimate arrival time of
the first user. For example, as explained above with respect to prediction module 930, server 150 may
estimate an arrival time for the first ridesharing vehicle in addition to predicting the arrival time for the
first user in step 1117. Optionally, as explained above with respect to assignment module 920, server 150
may cancel the assignment when an estimated arrival time of the first ridesharing vehicle is more than a
predetermined period of time before the estimate arrival time of the first user.

[0244] Server 150 may optionally automatically update a route of the first ridesharing vehicle
after cancelling the assignment of the first ridesharing vehicle to the first user. For example, as explained
above with respect to location module 910, the updated route may omit a pick-up location and a drop-off
location associated with the first user.

[0245] At step 1121, server 150 may predict when a second ridesharing vehicle may pass the

first pick-up location. For example, as explained above with respect to prediction module 930, server 150
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may estimate an arrival time for the second ridesharing vehicle in addition to predicting the arrival time
for the first user in step 1117.

[0246] At step 1123, server 150 may compare the predicted passing time of the second
ridesharing vehicle with the arrival time of the first user. For example, server 150 may perform an
absolute comparison (e.g., a difference of 2 minutes, a difference of 5 minutes, etc.), a relative
comparison (e.g., a difference of 10%, a difference of 20%, etc.), or the like. In some embodiments, the
second ridesharing vehicle may be carrying at least one second user (e.g., one second user, two second
users, four second users, etc.) while being assigning to the first user.

[0247] At step 1125, server 150 may re-assign the first user to the second ridesharing vehicle
when the predicted passing time is after the predicted arrival time. Optionally, server 150 may re-assign
the first user only when the predicted passing time is within one or more thresholds after the predicted
arrival time. For example, server 150 may re-assign the first user if the predicted passing time is less than
5 minutes, 10 minutes, etc. after the predicted arrival time and/or may re-assign the first user if the
predicted passing time is more than 1 minute, 2 minutes, etc. after the predicted arrival time. In some
embodiments, server 150 may guide the second ridesharing vehicle to the first pick-up location. For
example, as explained above with respect to location module 910, server 150 may send a location (e.g.,
GPS coordinates) and/or an address of the first pick-up location to a second communications device
associated with the second ridesharing vehicle and/or send driving directions to the first pick-up location
to the second communications device.

[0248] Additionally or alternatively, server 150 may assign the first user to the second
ridesharing vehicle based on a current location of the second ridesharing vehicle and a desired destination
of the at least one second user. For example, as explained above with regards to assignment module 920,
server 150 may assign the first user based on the closeness of starting points of the first user and the at
least one second user, the closeness of the desired destinations of the first user and the at least one second
user, the closeness of the starting point of the first user to desired destinations of the at least one second
user (or vice versa), overlap between a predicted route from the starting point to the desired destination of
the first user and predicted routes from the starting points to the desired destinations of the at least one
second user, or the like.

[0249] Additionally or alternatively, server 150 may re-assign the second rideshare vehicle in
order to minimize a total waiting time of the plurality of users. For example, as explained above with
regards to prediction module 930, server 150 may calculate an initial total wait time and predict an
updated total wait time and perform the (cancellation and) re-assignment if the updated total wait time is
less than the initial total wait time. Optionally, as explained above with regards to prediction module 930,
server 150 may perform the (cancellation and) re-assignment only if the difference between the updated
total wait time and the initial total wait time is above a threshold (e.g., 2 minutes, 5 minutes, 10 minutes,
etc.) and/or only if a predicted wait time of the re-assigned user remains below a threshold (such as 10

minutes, 15 minutes, or the like).
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[0250] Server 150 may optionally automatically update a route of the second ridesharing vehicle
after the re-assigning of the first user. For example, as explained above with respect to location module
910, the updated route may include a pick-up location and a drop-off location associated with the first
user. Moreover, server 150 may optionally change at least one drop-off location of the at least one second
user after assignment of the second ridesharing vehicle to the first user. Additionally or alternatively,
server 150 may optionally change a pick-up location of the first user after assignment of the second
ridesharing vehicle to the first user.

[0251] Method 1100 may further include additional steps. For example, as explained above with
respect to location module 910, method 1100 may include continuously receiving location information
from the first and second pluralities of communication devices to estimate arrival times at respective pick-
up locations. In such embodiments, as explained above with respect to assignment module 920 and
prediction module 930, server 150 may cancel the assignment of the first rideshare vehicle when the
estimated arrival time of the first ridesharing vehicle is before the estimate arrival time of the first user.
Additionally or alternatively, in such embodiments, as explained above with respect to assignment
module 920 and prediction module 930, server 150 may predict a delay in an arrival of the first
ridesharing vehicle at the first pick-up location and may cancel the assignment of the first rideshare
vehicle when a delay is predicted. For example, server 150 may cancel the assignment of the first
rideshare vehicle when the predicted delay in arrival of the first ridesharing vehicle at the first pick-up
location is more than a predetermined period of time compared to an original estimated arrival time of the
first ridesharing vehicle at the first pick-up location.

[0252] In another example, method 1100 may further include (as an additional step or in
combination with or as an alternatively to step 1119) cancelling the assignment of the first rideshare
vehicle and re-assigning the second rideshare vehicle in order to enable the first rideshare vehicle to pick-
up a passenger not originally assigned to the first rideshare vehicle. For example, as explained above with
respect to example timeline 1040, one or more additional passengers may board the first ridesharing
vehicle than initially requested or anticipated, and server 150 may re-assign the first user to accommodate
such additional passengers.

[0253] Figs. 11C and 11D depict another example method 1150 for managing a fleet of
ridesharing vehicles. Method 1100 may, for example, be implemented by ridesharing management server
150 of Fig. 3.

[0254] At step 1157, server 150 may receive ride requests from a first plurality of
communication devices associated with a plurality of users, For example, server 150 may receive the ride
requests using one or more communications interfaces (such as communications interface 360). In some
embodiments, each ride request includes a starting point and a desired destination corresponding to each
of the plurality of users. The starting point may be included as GPS coordinates, a physical address, or the
like. Similarly, the desired destination may be included as GPS coordinates, a physical address, or the

like.
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[0255] At step 1159, server 150 may receive location information from a second plurality of
communication devices associated with a plurality of ridesharing vehicles. For example, server 150 may
receive the ride requests using one or more communications interfaces (such as communications interface
360). In some embodiments, the location information may include information derived from one or more
GPS devices of the second communications devices.

[0256] Atstep 1161, server 150 may assign a first ridesharing vehicle to pick-up a group of the
plurality of users. For example, the group may include a first user, a second user, a third user, etc. Some
users may be included in the same request (e.g., if a first user and a second user are included in a first
request). As explained above regarding assignment module 920, server 150 may assemble the group of
the plurality of users based on the closeness of starting points of the assembled users, the closeness of the
desired destinations of the assembled users, the closeness of the starting points of some of the group to
desired destinations of others of the group, overlap between predicted routes from the starting points to
the desired destinations of some of group and predicted routes from the starting points to the desired
destinations of others of the group, or the like.

[0257] At step 1163, server 150 may determine pick-up locations for the group of users. For
example, sever 150 may determine a pick-up location for each user in the group of users at which the
corresponding user will meet the first ridesharing vehicle. In some embodiments, the determined pick-up
locations may differ from the starting points.

[0258] At step 1165, server 150 may send data to the group of the plurality of users indicating
appointed pick-up times at the determined pick-up locations. For example, server 150 may send to the
group of users at least one of a location and an address of the respective pick-up locations. In this
example, server 150 may send the location (e.g., GPS coordinates) and/or the address to a corresponding
first communications device associated with the corresponding user. Additionally or alternatively, server
150 may send to the group of users walking directions to the respective pick-up locations. Moreover, as
explained above with respect to prediction module 930, server 150 may estimate arrival times for the first
ridesharing vehicle at the determined pick-up locations and/or arrival times for corresponding users at
corresponding pick-up locations. Based on predicted arrival times, server 150 may appoint corresponding
pick-up times to users. For example, the pick-up times may correspond to predicted arrival times of the
first ridesharing vehicle, to predicted arrival times of the corresponding users, or any combination thereof
(e.g., by selecting the maximum of two predicted arrival times). In some embodiments, the pick-up times
may correspond to predicted arrival times with one or more buffers added. For example, server 150 may
add an absolute buffer, such as one minute, two minutes, five minutes, or the like, and/or a relative buffer,
such as 5%, 10%, 15%, or the like, to a predicted arrival time to determine a corresponding pick-up time.

[0259] At step 1167, server 150 may use information received from at least one of the plurality
of ridesharing vehicles to predict when the first ridesharing vehicle will arrive to a first pick-up location
assigned to a first user. For example, as explained above with respect to prediction module 930, server
150 may estimate an arrival time for the first ridesharing vehicle. In some embodiments, the information

used to predict when the first ridesharing vehicle will arrive at the first pick-up location may include GPS
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data from the first ridesharing vehicle and/or real-time traffic updates from the plurality of ridesharing
vehicles.

[0260] At step 1169, prior to a first pick-up time associated with the first user, server 150 may
estimate that the first ridesharing vehicle is going to be late to the first pick-up location by more than a
time threshold. For example, as explained above with respect to prediction module 930, server 150 may
estimate an arrival time for the first user in addition to predicting the arrival time for the first ridesharing
vehicle in step 1169. Accordingly, server 150 may estimate lateness based on a comparison of the
estimated arrival time for the first ridesharing vehicle and the estimated arrival time for the first user.
Additionally or alternatively, server 150 may estimate lateness based on a comparison of the estimated
arrival time for the first ridesharing vehicle and the appointed pick-up time for the first user. In some
embodiments, the time threshold may have a value between 2 minutes and 20 minutes (e.g., after the first
pick-up time).

[0261] Atstep 1171, server 150 may identify a second ridesharing vehicle to be assigned to
pick-up the first user. For example, server 150 may identify the second ridesharing vehicle based on
which vehicles in the plurality of ridesharing vehicles have no current passengers and/or are near the first
pick-up locations. Server 150 may use information from the second plurality of communication devices
associated with the plurality of ridesharing vehicles to perform the identification.

[0262] Atstep 1173, server 150 may cancel the assignment of the first ridesharing vehicle to the
first user while maintaining the assignment of the first ridesharing vehicle to others of the group of the
plurality of users. Server 150 may optionally automatically update a route of the first ridesharing vehicle
after cancelling the assignment of the first ridesharing vehicle to the first user. For example, as explained
above with respect to location module 910, the updated route may omit a pick-up location and a drop-off
location associated with the first user.

[0263] At step 1175, server 150 may assign the second ridesharing vehicle to pick up the first
user. Optionally, server 150 may determine that the second ridesharing vehicle can pick up the first user
before the first ridesharing vehicle. For example, as explained above with respect to prediction module
930, server 150 may predict a passing time for the first ridesharing vehicle and a passing time the second
ridesharing vehicle at the first pick-up location and compare the predicted passing times to make the
determination.

[0264] Method 1150 may include additional steps. For example, method 1150 may include
determining that, by assigning the second ridesharing vehicle to pick up the first user, a first time delay of
at least one passenger riding in the first ridesharing vehicle is lower than a second time delay of the at
least one passenger when the first user is assigned to the first ridesharing vehicle. For example, as
explained above with respect to prediction module 930, server 150 may predict the second time delay
(e.g., a delay in arrival of the first ridesharing vehicle at a corresponding pick-up location, a delay in
arrival of the first ridesharing vehicle at a corresponding drop-off location, and/or a delay in the length of
drive between the corresponding pick-up location and the corresponding drop-off location) for at least

one passenger (e.g., not the first user) riding in (and/or assigned to) the first ridesharing vehicle. The time
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delay may be caused, for example, by the lateness of the first ridesharing vehicle to the first pick-up
location (and corresponding and/or cascading lateness to other pick-up locations). Moreover, as explained
above with respect to prediction module 930, server 150 may predict the first time delay for the at least
one passenger based on a hypothesis that the first user is assigned to the second ridesharing vehicle rather
than the first ridesharing vehicle. Accordingly, server 150 may assign the first use to the second
ridesharing vehicle only if the first time delay is predicted to be lower than the second time delay (i.e.,
that assignment of the first user to the second ridesharing vehicle will reduce a time delay for at least one
passenger riding in and/or assigned to the first ridesharing vehicle). In some embodiments, server 150
may perform the assignment only if the first time delay is higher than the second time delay by a
threshold, e.g., six minutes, twelve minutes, or the like.

[0265] Method 1150 may optionally be implernehted in combination with method 1100. For
example, server 150 may re-assign the first user to the second ridesharing vehicle when the predicted
passing time is after the predicted arrival time and when the first ridesharing vehicle is going to be late to
the first pick-up location by more than a time threshold. In other words, server 150 may combine methods
1100 and 1150 such that steps 1125 and 1175 are combined.

[0266] Sub-Optimization of Individual Routes

[0267] Embodiments of the present disclosure may allow for the sub-optimization of individual
routes within a ridesharing fleet. For example, individual routes for one or more users may be sub-
optimized in order to allow for greater optimization of the fleet (or at least a portion of the fleet) as a
whole. This may enhance the overall experience of users while incurring insignificant costs to individual
users. Users may particularly experience the effects of fleet-wide optimization if they are repeat
customers.

[0268] In some embodiments, the sub-optimization may be limited by one or more constraints.
For example, an individual sub-optimization may be rejected if it results in a user waiting more than 10
minutes, 15 minutes, or the like to be picked up by a ridesharing vehicle, even if such a sub-optimization
would allow for greater optimization of the fleet as a whole. Such constraints balance the needs of
individual users with the benefits of fleet-wide optimization.

[0269] Fig. 12 depicts an example of a memory module 1200 for sub-optimization of individual
routes. Although depicted as a single memory in Fig. 12, memory 1200 may comprise one or more non-
volatile (e.g., hard disk drive, flash memory, etc.) and/or volatile (e.g., RAM or the like) memories. In
some embodiments, memory 1200 may be included in ridesharing management server 150. For example,
memory 1200 may comprise, at least in part, a portion of memory 320.

[0270] As depicted in Fig. 12, memory 1200 may include request module 1210. Request module
1210 may receive a first request for a shared ride from a first user. For example, the first request may be
received via a communications interface, such as communications interface 360. The communications
interface may comprise, for example, one or more network interface controllers (NICs). These one or
more NICs may communicate over one or more computer networks, such as the Internet, a local area

network (LAN), or the like. In some embodiments, the first request may include information related to a
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first pick-up location of the first user and a first desired destination of the first user. The information
related to the first pick-up location may include GPS coordinates, a physical address, or the like of the
first pick-up location. Similarly, the information related to the first desired destination may include GPS
coordinates, a physical address, or the like of the first desired destination. Additionally or alternatively,
the information related to the first pick-up location may include a current location of the first user (e.g.,
derived from a GPS device of a first communications device associated with the first user) and/or a
user-requested pick-up location. For example, the first user may request to be picked up at a certain
location (e.g., certain GPS coordinates, a certain physical address, or the like), e.g., by inputting the
certain location into the first communications device associated with the first user. Optionally, the
information related to the first pick-up location may also include a requested time for pick-up, e.g., based
on input to the first communications device associated with the first user.

[0271] Request module 1210 may further receive a second request for a shared ride from a
second user. For example, the second request may be received via the communications interface, such as
communications interface 360. In some embodiments, the second request may include information related
to a second pick-up location of the second user and a second desired destination of the second user. The
information related to the second pick-up location may include GPS coordinates, a physical address, or
the like of the second pick-up location. Similarly, the information related to the second desired destination
may include GPS coordinates, a physical address, or the like of the second desired destination.
Additionally or alternatively, the information related to the second pick-up location may include a current
location of the second user (e.g., derived from a GPS device of a first communications device associated
with the second user) and/or a user-requested pick-up location. For example, the second user may request
to be picked up at a certain location (e.g., certain GPS coordinates, a certain physical address, or the like),
¢.g., by inputting the certain location into the first communications device associated with the first user.
Optionally, the information related to the second pick-up location may also include a requested time for
pick-up, e.g., based on input to the first communications device associated with the second user.

[0272] Request module 1210 may further receive a third request for a shared ride from a third
user. For example, the third request may be received via the communications interface, such as
communications interface 360. In some embodiments, the third request may include information related
to a third pick-up location of the third user and a third desired destination of the third user. The
information related to the third pick-up location may include GPS coordinates, a physical address, or the
like of the third pick-up location. Similarly, the information related to the third desired destination may
include GPS coordinates, a physical address, or the like of the third desired destination. Additionally or
alternatively, the information related to the third pick-up location may include a current location of the
third user (e.g., derived from a GPS device of a first communications device associated with the third
user) and/or a user-requested pick-up location. For example, the third user may request to be picked up at
a certain location (e.g., certain GPS coordinates, a certain physical address, or the like), e.g., by inputting

the certain location into the first communications device associated with the third user. Optionally, the
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information related to the third pick-up location may also include a requested time for pick-up, e.g., based

on input to the first communications device associated with the third user.

[0273] In some embodiments, request module 1210 may receive the requests for shared rides
from a plurality of first mobile communications devices (such as mobile communications device 200)
associated with the plurality of users. As explained above, such first mobile communications device may
send requests to request module 1210 via the communications interface including information input into
the mobile communications device by the associated user, information derived from a GPS device of the
mobile communications device, or the like.

[0274] Additionally or alternatively, request module 1210 may receive from a plurality of
second mobile communication devices associated with a plurality of ridesharing vehicles, information
about a current location of each of the second mobile communications devices. For example, the current
location may be derived from a location circuit within each of the second mobile devices. The plurality of
second mobile communication devices may include a plurality of handheld devices (such as mobile
communications device 200) associated with drivers of at least a part of the fleet of ridesharing vehicles
and/or a plurality of transmitters (such as driving-control device 120F) embedded in autonomous vehicles
that are a part of the fleet of ridesharing vehicles.

[0275] In some embodiments, request module 1210 (and/or route module 1220, described
below) may continuously receive location information from the plurality of first mobile communications
devices and/or the plurality of second mobile communication devices. As used herein, “continuously”
does not necessarily mean without interruption but may refer to the receipt of information in a discretized
manner having spacings (and/or interruptions) each below a threshold of time, such as 50 ms, 100 ms,
500 msec, 1 sec, 5 sec, 10 sec, 30 sec, or the like..

[0276] Request module 1210 may further identify a first ridesharing vehicle and a second
ridesharing vehicle that are currently without passengers. For example, request module 1210 may identify
the vehicles using signals received from associated second mobile communication devices. In such an
example, the second mobile communication devices may send an indicator of how many passengers are
in the associated vehicle based on input from a driver of the associated vehicle and/or based on output
from an application (or other software module) on the second mobile communication device that tracks
the number of passengers in the associated vehicle. Additionally or alternatively, request module 1210
may identify the vehicles based on centralized tracking of capacity at ridesharing server 150 (e.g., as
explained above with respect to capacity tracking module 620).

[0277] In some embodiments, the third request may be received while both the first user and the
second user are riding in the first ridesharing vehicle. In such an embodiment, request module 1210 may
schedule picking up of the third user before dropping off the first user. Examples of this embodiment are
depicted in Figs. 13E and 13F. Alternatively, request module 1210 may schedule picking up the third user
after dropping off the first user and before dropping off the second user. Examples of this embodiment are

depicted in Figs. 13C and 13D.
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[0278] As further depicted in Fig. 12, memory 1200 may include route module 1220. Route

module 1220 may assign a first user and a second user to a first ridesharing vehicle. For example, route
module 1220 may assign the users to the first ridesharing vehicle when request module 1210 identifies the
first ridesharing vehicle as currently without passengers.

[0279] Additional or alternative factors may be considered by route module 1220 when
assignment the users to the first ridesharing vehicle. For example, route module 1220 may assign the first
user and the second user to the first ridesharing vehicle based on the closeness of a starting point and/or
the pick-up location of the first user to a starting point, the pick-up location, the desired destination,
and/or a drop-off location of the second user, the closeness of the desired destination and/or a drop-off
location of the first user to a starting point, the pick-up location, the desired destination, and/or a drop-off
location of the second user, overlap between a first predicted route from the pick-up location of the first
user to the desired destination of the first user and a second predicted route from the pick-up location of
the second user to the desired destination of the second user, or the like. The predicted routes may be
calculated using one or more maps, optionally in combination with traffic information. The one or more
maps may be retrieved from one or more memories and/or using the communications interface. Similarly,
the traffic information may be retrieved from one or more memories and/or using the communications
interface.

[0280] Route module 1220 may also generate a route to the first ridesharing vehicle for picking
up and dropping off each of the first user and the second user. For example, route module 1220 may
generate the route based on one or more optimization models run on the pick-up locations of the first user
and the second user as well as the desired destinations of the first user and the second user. One or more
maps (e.g., retrieved from one or more memories and/or using the communications interface), optionally
with traffic and/or weather information (e.g., retrieved from one or more memories and/or using the
communications interface) may also be fed into the optimization model(s). The one or more optimization
models may include a shortest distance optimization, a shortest travel time optimization (e.g., accounting
for speed limits, traffic, etc.), a fuel efficiency optimization (e.g., based on known fuel ratings of the
ridesharing vehicle), or the like. For example, any solution to the P v. NP problem later derived may also
be incorporated into the optimization models.

[0281] In some embodiments, route module 1220 may determine the pick-up locations and/or
drop-off locations for at least one of (or each of) the first, second, and third users. For example, route
module 1220 may determine the pick-up location(s) and/or the drop-off location(s) based on one or more
optimization models run on one or more predicted routes between starting points and destinations of the
users. The one or more optimization models may include a shortest distance optimization, a shortest travel
time optimization (e.g., accounting for speed limits, traffic, wrong turns, etc.), a fuel efficiency
optimization (e.g., based on known fuel ratings of the ridesharing vehicle), or the like. For example, any
solution to the P v. NP problem later derived may also be incorporated into the optimization models. For

at least one of (or each of) the first, second, and third users, the determined drop-off locations may differ
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from the desired destinations. Similarly, for at least one of (or each of) the first, second, and third users,
the determined pick-up locations may differ from current locations of the users.
| [0282] One or more of the pick-up and/or drop-off locations may be sub-optimized. For
example, route module 1220 may sub-optimize the drop-off location of the first user in order to minimize
a total waiting time of the third user. An example of this embodiment is depicted in Figs. 13C and 13F.
The sub-optimized drop-off location may be determined initially or may be determined as an updated
drop-off location. Additionally or alternatively, route module 1220 may sub-optimize the third pick-up
location of the third user to minimize a total travel time of the first and second users. An example of this
embodiment is depicted in Figs. 13D and 13E. The sub-optimized pick-up location may be determined
initially or may be determined as an updated pick-up location.

[0283] Any of the sub-optimizations described above may be subject to one or more thresholds.
For example, route module 1220 may decline a sub-optimization if it would result in a walking time
and/or distance for a user above a threshold (e.g., 10 minutes, 15 minutes, etc., 0.25 miles, 0.5 miles, 1
kilometer, or the like).

[0284] In embodiments where one or more determined pick-up locations differ from starting
points, route module 1220 may cause notices of the determined pick-up locations to be sent to the mobile
communications devices of each of the first, second, and third users. For example, route module 1220
may transmit data associated with the notices to the mobile communications devices of each of the first,
second, and third users. For example, the data may include GPS coordinates of the pick-up locations,
physical addresses of the pick-up locations, or the like. Each mobile communication device may use
received coordinates, a received address, or the like to route (e.g., via walking) the associated user from a
current location of the device to the pick-up location. In another example, the data may include walking
directions to the determined pick-up locations.

[0285] Similarly, in embodiments where one or more determined drop-off locations differ from
desired destinations, route module 1220 may cause notices of the determined drop-off locations to be sent
to the mobile communications devices of each of the first, second, and third users. For example, route
module 1220 may transmit data associated with the notices to the mobile communications devices of each
of the first, second, and third users. For example, the data may include GPS coordinates of the drop-off
locations, physical addresses of the drop-off locations, or the like. Each mobile communication device
may use received coordinates, a received address, or the like to route (e.g., via walking) the associated
user (e.g., after being dropped off) to the drop-off location. In another example, the data may include
walking directions to the determined drop-off locations.

[0286] The pick-up locations and/or drop-off locations may be changed depending on
cancellations and re-assignments performed by arrival time module 1230. For example, route module
1220 may change at least one pick-up location and/or drop-off location of at least one of (or each of) the
first, second, and third users if a user’s assignment is cancelled and/or if a user is re-assigned.
Additionally or alternatively, route module 1220 may change at least one pick-up location and/or drop-off

Jocation of at least one of (or each of) the first, second, and third users if route module 1220 determines
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that such a change would further optimize the generated route for the ridesharing vehicle. Such
optimization may be rejected if the new pick-up location and/or drop-off location would be too
inconvenient for a corresponding user (e.g., by exceeding a threshold walking distance and/or time, or the
like). Corresponding users may be notified of updates to drop-off locations and/or pick-up locations as
described above.

[0287] In embodiments where the third user is assigned to the first ridesharing vehicle, route
module 1220 may generate an updated route for the first ridesharing vehicle to pick-up the third user. The
updated route may be calculated like the original route described above while account for a pick-up
location and a drop-off location of the third user. Alternatively, route module 1220 may generate a route
for the second ridesharing vehicle to send the second ride sharing vehicle toward an area with predicted
imminent passenger demand. For example, the area with predicted demand is identified using a request
history (e.g., stored in database 1250) and/or real-time information (e.g., using event information
retrieved from one or more memories and/or using the communications interface). For example, route
module 1220 may determine that requests are expected in an area near a stadium after a sporting event
concludes.

[0288] As depicted in Fig. 12, memory 1200 may further include arrival time module 1230.
Arrival time module 1230 may calculate a first expected arrival time of the first ridesharing vehicle at one
or more pick-up locations (such as the third pick-up location). The expected arrival time may depend on a
predicted route (e.g., calculated by route module 1220 as explained above) for the first ridesharing
vehicle. Arrival time module 1230 may also account for weather, traffic information, and/or information
about emergency (e.g., fire, police, medical, etc.) activity, wrong turns, or the like (e.g., received using
the communications interface and/or retrieved from one or more memories).

[0289] Similarly, arrival time module 1230 may calculate a second expected arrival time of the
second ridesharing vehicle at one or more pick-up locations (such as the third pick-up location). The
second expected arrival time may be calculated similar to the first excepted arrival time, described above.

[0290] In embodiments where the second expected arrival time is sooner than the first expected
arrival time and both the first expected arrival time and the second éxpected arrival time are below a
predetermined threshold (e.g., 15 minutes, 10 minutes, or the like), arrival time module 1230 may assign
the third user to the first ridesharing vehicle. Additionally or alternatively, arrival time module 1240 may
assign the third user to the first ridesharing vehicle when an estimated delay for each of the first user and
the second user is below another predetermined threshold (e.g., 30 minutes, 20 minutes, or the like).
Accordingly, the assignment of the third user may be rejected if such an assignment is too inconvenient
for the first user and/or the second user. Additionally or alternatively, arrival time module 1240 may
assign the third user to the first ridesharing vehicle when the third desired destination of the third user is
in a same neighborhood as the second desired destination of the second user and/or the first desired
destination of the first user. For example, the third desired destination may be within a particular range
(e.g., 10 miles, 20 kilometers, etc.) of the second desired destination and/or the first desired destination,

within a zone defining the neighborhood of the second desired destination and/or the first desired
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destination (e.g., a square, a rectangle, a parallelogram, other regular shapes, irregular figures, or the like),
etc.

[0291] Memory 1200 may further include a database access module 1240, and may also include
database(s) 1250. Database access module 1240 may include software instructions executable to interact
with database(s) 1250, to store and/or retrieve information (e.g., a request history as described above,
weather information, traffic information, one or more maps, or the like).

[0292] Figs. 13A and 13B illustrate an example process for managing a fleet of ridesharing
vehicles. At step 1300, a first user and a second user may be assigned to a first ridesharing vehicle.
Accordingly, a route may be generated for the first ridesharing vehicle including a pick-up location of the
first user, a pick-up location of the second user, a desired destination of the first user, and a desired
destination of the second user. In addition, at step 1300, a third ride request from a third user having a
third pick-up location may be received.

[0293] At step 1301, a first expected arrival time of the first ridesharing vehicle at the third pick-
up location is determined (e.g., 10 min. in the example of Fig. 13A). Similarly, in step 1303, a second
expected arrival time of the second ridesharing vehicle at the third pick-up location is determined (e.g., 5
min in the example of Fig. 13A). The arrival times may be calculated as explained above with respect to
arrival time module 1230. In the example of Fig. 13A, the second expected arrival time is sooner than the
first expected arrival time.

[0294] At step 1305, the third user is assigned to the first ridesharing vehicle and an updated
route is generated for the first ridesharing vehicle to pick-up the third user. Although not depicted in Fig.
13B, the second ride sharing vehicle may be sent toward an area with predicted imminent passenger
demand (e.g., as explained above with respect to route module 1220).

[0295] Although depicted without current locations of the first user, the second user, and the
third user, the example of Figs. 13A and 13B may be modified to use one or more pick-up locations that
differ from current locations of users and/or one or more drop-off locations that differ from the desired
destinations of the users.

[0296] Fig. 13C illustrates an example 1320 of scheduling picking up a third user after dropping
off a first user and before dropping off a second user. Moreover, in the example of Fig. 13C, a drop-off
location of the first user is sub-optimized to minimize a total waiting time of the third user.

[0297] Fig. 13D illustrates an example 1330 of scheduling picking up a third user after dropping
off a first user and before dropping off a second user. Moreover, in the example of Fig. 13D, a third pick-
up location of the third user is sub-optimized to minimize a total travel time of the first and second users.

[0298] Fig. 13E illustrates an example 1340 of scheduling picking up a third user before
dropping off a first user. Moreover, in the example of Fig. 13E, a third pick-up location of the third user is
sub-optimized to minimize a total travel time of the first and second users.

[0299] Fig. 13F illustrates an example 1350 of scheduling picking up a third user before
dropping off a first user. Moreover, in the example of Fig. 13F, a drop-off location of the first user is sub-

optimized to minimize a total waiting time of the third user.
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[0300] Figs. 14A and 14B depict example method 1400 for managing a fleet of ridesharing

vehicles. Method 1400 may, for example, be implemented by ridesharing management server 150 of Fig.
3.

[0301] At step 1411, server 150 may identify a first ridesharing vehicle and a second ridesharing
vehicle that are currently without passengers. For example, as explained above with respect to request
module 1210, server 150 identify the vehicles using signals received from second mobile communication
devices associated with the ridesharing vehicles. Additionally or alternatively, server 1210 may identify
the vehicles based on centralized tracking of capacity at ridesharing server 150 (e.g., as explained above
with respect to capacity tracking module 620).

[0302] Optionally, server 150 may receive, from a plurality of second mobile communication
devices associated with a plurality of ridesharing vehicles (e.g., including the first ridesharing vehicle and
the second ridesharing vehicle), information about a current location of each of the second mobile
communications devices, derived from a location circuit (e.g., a GPS locator) within each of the second
mobile devices. The plurality of second mobile communication devices may include a plurality of
handheld devices associated with drivers of at least a part of the fleet of ridesharing vehicles and/or a
plurality of transmitters embedded in autonomous vehicles (e.g., autonomous vehicle 130F ) that are a
part of the fleet of ridesharing vehicles.

[0303] At step 1413, server 150 may receive a first request for a shared ride from a first user. For
example, server 150 may receive the first request using one or more communications interfaces (such as
communications interface 360). In some embodiments, the first request may include information related
to a first pick-up location of the first user and a first desired destination of the first user. For example, the
information related to the first pick-up location may include a current location of the first user or a user-
requested pick-up location.

[0304] At step 1415, server 150 may receive a second request for a shared ride from a second
user. For example, server 150 may receive the second request using one or more communications
interfaces (such as communications interface 360. In some embodiments, the second request may include
information related to a second pick-up location of the second user and a second desired destination of the
second user. For example, the information related to the second pick-up location may include a current
location of the second user or a user-requested pick-up location.

[0305] Optionally, server 150 may receive the requests for shared rides from a plurality of first
mobile communications devices associated with the plurality of users.

[0306] In some embodiments, server 150 may also determine pick-up locations and/or drop-off
locations for each of the first and second users. As explained above with respect to route module 1220,
the pick-up locations may differ from current locations of users and/or the drop-off locations may differ
from the desired destinations of the users. In such embodiments, server 150 may cause notices of the
determined pick-up locations to be sent to the mobile communications devices of each of the first and

second users. For example, as described above with respect to route module 1220, server 150 may
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transmit data associated with the notices to the mobile communications devices of each of the first and
second users, and the data may include walking directions to the determined pick-up locations.

[0307] At step 1417, server 150 may assign the first user and the second user to the first
ridesharing vehicle. At step 1419, server 150 may generate a route to the first ridesharing vehicle for
picking up and dropping off each of the first user and the second user. For example, as described above
with respect to route module 1220, server 150 may generate the route based on one or more optimization
models run on the pick-up locations of the first user and the second user as well as the desired
destinations (and/or drop-off locations) of the first user and the second user.

[0308] At step 1421, server 150 may receive via the communications interface, a third request
for a shared ride from a third user. For example, server 150 may receive the third request using one or
more communications interfaces (such as communications interface 360). In some embodiments, the third
request may include information related to a third pick-up location of the third user and a third desired
destination of the third user. For example, the information related to the third pick-up location may
include a current location of the third user or a user-requested pick-up location.

[0309] Optionally, as explained above with respect to steps 1413 and 1415, server 150 may
receive the third request from a first mobile communications device associated with the third user.

[0310] In some embodiments, as explained above with respect to steps 1413 and 1415, server
150 may also determine a pick-up location and/or a drop-off location for the third user. As explained
above with respect to route module 1220, the pick-up location may differ from current location of the
third user and/or the drop-off location may differ from the desired destinations of the third users. In such
embodiments, server 150 may cause a notice of the determined pick-up location to be sent to the mobile
communications device of the third user. For example, as described above with respect to route module
1220, server 150 may transmit data associated with the notice to the mobile communications devices of
the third user, and the data may include walking directions to the determined pick-up location.

[0311] In some embodiments, server 150 may receive the third request while both the first user
and the second user are riding in the first ridesharing vehicle. In such embodiments, server 150 may
schedule picking up of the third user before dropping off the first user or may schedule picking up the
third user after dropping off the first user and before dropping off the second user.

[0312] At step 1423, server 150 may calculate a first expected arrival time of the first
ridesharing vehicle at the third pick-up location. For example, as explained above with respect to arrival
time module 1230 and depicted in the example of Fig. 13A, server 150 may determine the first expected
arrival time based on a predicted route (e.g., calculated by route module 1220 as explained above) for the
first ridesharing vehicle; weather, traffic information, and/or information about emergency (e.g., fire,
police, medical, etc.) activity (e.g., received using the communications interface and/or retrieved from one
or more memories); or the like.

[0313] At step 1425, server 150 may calculate a second expected arrival time of the second
ridesharing vehicle at the third pick-up location. For example, as explained above with respect to arrival

time module 1230 and depicted in the example of Fig. 13A, server 150 may determine the second
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expected arrival time based on a predicted route (e.g., calculated by route module 1220 as explained
above) for the second ridesharing vehicle; weather, traffic information, and/or information about
emergency (e.g., fire, police, medical, etc.) activity (e.g., received using the communications interface
and/or retrieved from one or more memories); wrong turns; or the like. The second expected arrival time
may be sooner than the first expected arrival time.

[0314] At step 1427, when both the first expected arrival time and the second expected arrival
time are below a predetermined threshold, server 150 may assign the third user to the first ridesharing
vehicle. For exémple, as explained above with respect to arrival time module 1230, the predetermined
threshold may be less than twenty minutes.

[0315] Additionally or alternatively, server 150 may assign the third user to the first ridesharing
vehicle when an estimated delay for each of the first user and the second user is below another
predetermined threshold. For example, as explained above with respect to arrival time module 1230, the
other predetermined threshold may be less than ten minutes.

[0316] Additionally or alternatively, server 150 may assign the third user to the first ridesharing
vehicle when the third desired destination of the third user is in a same neighborhood as the second
desired destination of the second user. For example, as explained above with respect to arrival time
module 1230, the third desired destination may be within a particular range (e.g., 10 miles, 20 kilometers,
etc.) of the second desired destination, within a zone defining the neighborhood of the second desired
destination (e.g., a square, a rectangle, a parallelogram, other regular shapes, irregular figures, or the like),
etc.

[0317] If any or all of the above conditions are not satisfied, server 150 may assign the third user
to the second ridesharing vehicle. If the second ridesharing vehicle is assigned to the third user, server
150 may generate a route to the second ridesharing vehicle for picking up and dropping off the third user.

[0318] In any of the above embodiments, server 150 may sub-optimize the drop-off location of
the first user in order to minimize a total waiting time of the third user (e.g., as depicted in Figs. 13C and
13F) or may sub-optimize the third pick-up location of the third user to minimize a total travel time of the
first and second users (e.g., as depicted in Figs. 13D and 13E). As explained above with respect to arrival
time module 1230

[0319] At step 1429, server 150 may generate an updated route for the first ridesharing vehicle
to pick-up the third user. For example, as explained above with respect to route module 1220, server 150
may generate the route based on one or more optimization models run on the pick-up locations of the
first, second, and third users as well as the desired destinations (and/or drop-off locations) of the first,
second, and third users.

[0320] Method 1400 may further include additional steps. For example, method 1400 may
include generating a route for the second ridesharing vehicle to send the second ride sharing vehicle
toward an area with predicted imminent passenger demand. As explained above with respect to route
module 1220, the area with predicted demand may be identified using a request history (e.g., stored in

database 1250) and/or real-time information (e.g., using event information retrieved from one or more
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memories and/or using the communications interface). Server 150 may generate such a route if the third
user is not assigned to the second ridesharing vehicle.

[0321] Prepositioning Empty Vehicles Based on Predicted Future Demand

[0322] In some embodiments, ridesharing management system 100 may collect a large volume
of information over time related to the demand for ridesharing vehicles in geographical areas at particular
times, places, etc. This historical data may be stored by ridesharing management system 100, for
example, in database 170 for future use. However, some existing ridesharing management systems may
encounter the technical problem of how to process the large amount of historical data that is collected and
to use the historical data to provide an improved user experience for the riders and/or drivers in the
ridesharing network. This problem may be particularly prevalent in systems for which the number and
type of ridesharing vehicles present in a geographical area at a given point in time fluctuates based on
human behavior, choices, traffic conditions, weather conditions, seasonality etc.

[0323] Some of the presently disclosed embodiments may address these technical problems by
collecting and processing historical data to make predictions of future demand in general zones of a
geographical area. Further, in some embodiments, the ridesharing management system 100 may use the
predicted future demand for ridesharing vehicles to preposition vehicles with capacity to transport
passengers in areas proximate to the expected passengers. Further, the historical data may be used to
selectively position user-driven vehicles and autonomous vehicles within a geographical area to better
meet an expect demand based on historical patterns. For example, in one embodiment, the user-driven
vehicles may be positioned in a holding zone proximate a general zone with an expected high demand
while the autonomous vehicles may be assigned a route (e.g., a circular route) through the general zone.
Presently disclosed embodiments may offer one or more advantages over ridesharing systems driven
solely by present demand. For example, some embodiments may direct one or more vehicles to maintain
a presence proximate an area of expected high demand such that the high demand will be met even
though present demand exists in another geographical area. These and other features of presently
disclosed embodiments are discussed in more detail below.

[0324] Fig. 15 is a diagram illustrating an example of memory 320 storing a plurality of
modules, consistent with the disclosed embodiments. The modules may be executable by at least one
processor to perform various methods and processes disclosed herein. Further, it should be noted that
memory 320 may store more or fewer modules than those shown in Fig. 15, depending on
implementation-specific considerations.

[0325] As illustrated in Fig. 15, memory 320 may store software instructions to execute a
historical data module 1501, a holding zone selection module 1502, an instruction generation module
1503, a database access module 1504, and may also include database(s) 1505. Historical data module
1501 may include software instructions for storing, receiving, and/or using historical data associated with
past demand for ridesharing vehicles, e.g., in a geographical area. Holding zone selection module 1502
may include software instructions for selecting a holding zone for prepositioning one or more empty (i.e.,

without passengers) ridesharing vehicles in preparation for a predicted imminent demand for ridesharing
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services. Instruction generation module 1503 may include software instructions for generating control

signals for directing one or more ridesharing vehicles to one or more holding zones despite other
ridesharing demand in the geographical area. Database access module 1504 may include software
instructions executable to interact with database(s) 1505, to store and/or retrieve information (e.g.,
historical data associated with past demand).

[0326] Historical data module 1501 may include software instructions for storing, receiving,
and/or accessing historical data associated with past demand for ridesharing vehicles in a geographical
area. The historical data may include any information associated with demand for ridesharing vehicles at
a prior point in time. For example, the historical data may include any historical information that may be
used to analyze, estimate, or determine past demand for ridesharing vehicles, such as data collected about
pick-up locations, days, times, etc. of prior ride requests. The historical data may also include
information collected about weather conditions associated with a prior ride request. For example, the
historical data may indicate that fewer rides are requested on a sunny day than on a rainy day in the same
month.

[0327] The historical data may also include raw data tracking previous ridesharing requests, such
as a log created contemporaneously as past requests for a ride were initiated. The log may include, for
example, an indication of the time and/or date of the request, the location of the user when the request
was initiated, the time it look for the user to begin a trip in a ridesharing vehicle, etc. In other
embodiments, however, the historical data may include analyzed and/or compiled data, such as a ride
request frequency defined by a total number of ride requests received over a given period of time in a
given area. For further example, the historical data may include data analyzed based on proximity to a
given venue when a show or event ends, begins, or is occurring. For example, the historical data may
include an average or median number of rides requested when a concert, play, etc. ends at a given venue
on a weekend night.

[0328] The geographical area may include any physical region, depending on implementation-
specific considerations. For example, in one embodiment, the geographical area may be a legally defined
area, such as a city, a state, a county, a country, etc. However, in other embodiments, the geographical
area may be defined by the ridesharing management system 100 to include, for example, a certain
numbers of streets, square miles, landmarks, etc. Indeed, the geographical area may be any physical area
with boundaries assigned based on any suitable criteria for the given implementation.

[0329] In some embodiments, historical data module 1501 may store the historical data
associated with past demand for one or more ridesharing vehicles in a fleet of ridesharing vehicles in
database 1505. The historical data may be stored contemporaneously with its collection (e.g., within 1-2
minutes of its collection), at specific time intervals (e.g., once a day, once a month, biweekly, etc.), when
initiated by a user, or in any other suitable manner. The stored historical data may then be accessed by
historical data module 1501, e.g., through database access module 1504, at a later point in time than the

data was collected.
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[0330] In one embodiment, the historical data may be used to predict imminent demand of
ridesharing requests. As used herein, predicted imminent demand refers to demand that is predicted to
occur within a predetermined time period from a given point in time. The predetermined time period may
be within seconds (e.g., 10 seconds, 20 seconds, 30 seconds, etc.), within 1 minute, 5 minutes, 10
minutes, 15 minutes, 20 minutes, 25 minutes, 30 minutes, 35 minutes, 40 minutes, 45 minutes, 50
minutes, 55 minutes, or 1 hour from a given point in time. Further, in some embodiments, to predict
imminent demand, the amount of demand may need to meet or exceed a predetermined threshold. For
example, the demand may need to meet a predicted number of ride requests in a given period of time,
such as greater than 10 requests over a 10 minute period of time, greater than 100 requests over 10
minutes, etc.

[0331] For example, in one embodiment, predicting imminent demand of ridesharing requests
may include predicting general zones in a geographical area associated with the imminent demand. The
general zones may be any physical region located within a geographical area, depending on
implementation-specific considerations. For example, in one embodiment, the geographical area may be
a city, and the general zone may be a portion of the city where imminent demand is predicted to occur
within the next 15 minutes. In another embodiment, the general zone may be defined to be an area within
a certain distance from a venue, such as a concert hall, movie theatre, school, workplace, mall, airport,
etc. For example, the general zone may be defined to be a certain number of square miles surrounding the
venue.

[0332] Holding zone selection module 1502 may include software instructions for selecting a
holding zone for prepositioning one or more empty ridesharing vehicles in order to expedite satisfaction
of the predicted imminent demand. As used herein, empty ridesharing vehicles may refer to vehicles that
are not carrying a passenger who requested a ride, including vehicles driven by a user and/or an
autonomous vehicles. Such vehicles may be prepositioned before a predicted imminent demand
materializes (i.e., before the ride requests are made). In this way, the satisfaction of the users requesting
rides when the demand materializes may be increased compared to systems that do not include
prepositioned vehicles.

[0333] As used herein, a holding zone may be any physical area in the geographical area where
one or more ridesharing vehicles may be located. For example, the holding zone may be a neighborhood
(e.g., an area bounded by a set of streets), a specific location (e.g., a parking lot, parking garage, etc.),ora
combination thereof. Further, the holding zone may include parking spots, predetermined holding
patterns/routes, or any other areas for ridesharing vehicles to congregate. For example, in one
embodiment, a holding zone may include parking spots for vehicles driven by users to wait for the
predicted imminent demand to materialize. In some embodiments, a holding zone may include a
continuous route for autonomous vehicles to follow while waiting for the imminent demand to
materialize. Still further, one or more of the holding zones may include a location where one or more
partially or fully electrically-powered vehicles may charge an energy storage device (e.g., a battery) while

waiting for a user assignment.
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[0334] In some embodiments, the holding zone for a particular ridesharing vehicle may be
selected from a plurality of pre-identified holding zones stored in memory, e.g., database 1505. The pre-
identified holding zones may be areas where the ridesharing management system 100 provider has pre-
negotiated for the ridesharing vehicles to be located. For example, the ridesharing management system
100 provider may have agreements with owners of certain garages, parking lots, etc. Further, the holding
zone for a specific ridesharing vehicle may be selected using real-time data (i.e., data collected within 10
seconds, 20 seconds, 30 seconds, 40 seconds, 50 seconds, a minute, 5 minutes, 10 minutes, 20 minutes,
etc., of when the data is analyzed or used). For example, the holding zone for a given vehicle may be
selected to be close to downtown office buildings during rush hour, a football stadium when a football
game is expected to end, etc.

[0335] Indeed, when selecting a holding zone for a specific ridesharing vehicle, holding zone
selection module 1502 may take into account one or more implementation-specific considerations. In one
embodiment, the holding zone for a given vehicle may be selected using data about passenger-capacity of
the vehicle (e.g., vans or high capacity vehicles may be sent to holding zones where a large number of
passengers will likely need a ride together, such as near a concert venue). In other embodiments, a k
holding zone may be selected for a specific ridesharing vehicle using data about a shift of a driver of the
vehicle. For example, a vehicle driven by a driver for a longer period of time (e.g., 4 hours) may be
selected to go to the holding zone instead of a vehicle driven by a driver for a shorter period of time (e.g.,
15 minutes).

[0336] Further, in some embodiments, holding zone selection module 1502 may be configured
to identify a plurality of holding zones and direct a plurality of empty ridesharing vehicles to the plurality
of holding zones. In some embodiments, the plurality of empty ridesharing vehicles may be selectively
paired with the plurality of holding zones. For example, based on the predicted general zones in the
geographical area, a single empty ridesharing vehicle may be directed to a first holding zone (e.g., near a
location where demand is expected to be low, such as a small office building) and at least two empty
ridesharing vehicles to a second holding zone (e.g., near a location where demand is expected to be
comparably higher, such as a large office building).

[0337] Instruction generation module 1503 may include software instructions for generating
and/or sending instructions to at least one ridesharing vehicle. For example, in some embodiments,
instructions directing one or more ridesharing vehicles to one or more holding zones identified for the
respective vehicle(s) may be sent to mobile communication device(s) in the respective vehicles. In some
embodiments, the instructions may include an indication that the one or more ridesharing vehicles should
maintain a presence in the one or more holding zones despite other ridesharing demand in the
geographical area. That is, a ridesharing vehicle may be instructed to stay in a holding zone in
anticipation of predicted imminent demand instead of picking up a passenger currently demanding a ride
in the geographical area. In this way, predicted surges in demand may be accommodated and/or

prioritized over contemporaneous and/or unexpected demand.
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[0338] Database 1505 may be configured to store any type of information of use to modules

1501-1504, depending on implementation-specific considerations. For example, in embodiments in
which historical data module 1501 is configured tJ store historical data associated with past demand for
ridesharing vehicles, database 1505 may store the historical data. Further modules 1501-1 504 may be
implemented in software, hardware, firmware, a mix of any of those, or the like. For example, if the
modules are implemented in software, they may be stored in memory 320. However, in some
embodiments, any one or more of modules 1501-1504 and data associated with database 1505, may, for
example, be stored in processor 310 and/or located on server ridesharing management server 150, which
may include one or more processing devices. Processing devices of server 150 may be configured to
execute the instructions of modules 1501-1504. In some embodiments, aspects of modules 1501-1504
may include software, hardware, or firmware instructions (or a combination thereof) executable by one or
more processors, alone or in various combinations with each other. For example, modules 1501-1504
may be configured to interact with each other and/or other modules of server 150 to perform functions
consistent with disclosed embodiments.

[0339] Fig. 16 illustrates an example environment including a geographical area 1600 in which
ridesharing vehicles 130F, 1624, and 1626 are dispatched and under control of ridesharing management
system 100. In the illustrated embodiment, processor 310 has determined that the geographical area 1600
includes a first general zone 1602, a second general zone 1604, and a third general zone 1606. In the
illustrated embodiment, the first and second general zones 1602, 1604 have been predicted to be
associated with imminent demand for rides. Therefore, the first general zone 1602 includes a first
holding zone 1608 that enables prepositioning of one or more ridesharing vehicles in the first general
zone 1602. Likewise, the second general zone 1604 includes a second holding zone 1610 that enables
prepositioning of one or more ridesharing vehicles in the second general zone 1604. In the illustrated
embodiment, the third general zone 1606 includes only a parking lot 1612. Therefore, the third general
zone 1606 has been associated with a lack of imminent demand and, accordingly, has not been assigned a
holding zone.

[0340] In some embodiments, the processor 310 may be configured to receive a rideshare
request from a mobile communications device of a user in a vicinity of a specific ridesharing vehicle
driving toward a selected holding zone, but assign the ride to another vehicle farther away from the user
to pick up the user. For example, in the first general zone 1602, user 130A may request a ride via device
120A while standing outside user’s house 1614. Vehicle 130F may be driving toward the first holding
zone 1608, as indicated by arrows 1616, when the ride request of user 130A is received. However,
vehicle 1618, which is farther from user 130A when the ride request is received, may be assigned to pick
up user 130A while vehicle 130F may continue to the first holding zone 1608.

[0341] The foregoing feature may offer one or more advantages over systems that connect user
130A to vehicle 130F on the basis of closest proximity. For example, by directing vehicle 130F to the
first holding zone 1608, the processor 310 may reduce or prevent the likelihood that a demand surge that

occurs when a concert ends at concert hall 1620 is not met. In other words, user 130A may experience a
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delay in being picked up for a ride to expedite satisfaction of the users who may be in concert hall 1620
for a concert that is about to end.

[0342] In other embodiments, however, the processor 310 may receive a rideshare request from
a mobile communications device of a user in a vicinity of a specific ridesharing vehicle driving toward a
selected holding zone and send a message to the specific ridesharing vehicle to pick up the user when the
desired destination of the user is in proximity to the selected holding zone. For example, in some
embodiments, the processor 310 may direct vehicle 130F to pick up user 130A on its way to the first
holding zone 1608 when the user’s destination is ice cream shop 1622, which is proximate the first
holding zone 1608.

[0343] In some embodiments, one or more vehicles in a holding zone may be directed to leave a
holding zone to pick up a passenger. For example, the processor 310 may be configured to receive a
rideshare request from mobile communications device 120A of user 130A ina vicinity of a selected
holding zone 1608. The processor 310 may then to send a message to an empty rideshare vehicle 130F
that has been positioned in the selected holding zone 1608 to pick-up user 130A. The instructions may
include routing instructions to a pick-up location, such as house 1614, in a vicinity of the selected holding
zone 1608.

[0344] In some embodiments, the processor 310 may assign passengers to one or more
ridesharing vehicles, such as vehicle 1624 and vehicle 1626. In one embodiment, each of vehicles 1624
and 1626 may be already transporting one or more users and be assigned one or more additional users for
simultaneous transportation. However, in another embodiment, each of vehicles 1624 and 1626 may be
transporting a single user. Further, the processor 310 may track assignments of vehicle 1624 and vehicle
1626 to identify that vehicles 1624 and 1626 are about to be without passengers and without future
assignments. Vehicle 1624 may be directed toward second holding zone 1610, as indicated by arrow
1628. The processor 310 may direct vehicle 1624 to second holding zone 1610 based on the current
location of the vehicle (e.g., on a road headed toward second holding zone 1610) and a predicted
imminent demand proximate second holding zone 1610. In the illustrated embodiment, imminent
demand may be predicted because storm clouds 1630 indicate that it is likely to rain in second general
zone 1604.

[0345] Vehicle 1626 may be directed to another holding zone (not illustrated in Fig. 16) in a
direction 1632 away from second holding zone 1610. The processor 310 may direct vehicle 1626 to
another holding zone other than second holding zone 1610 based on the current location of vehicle 1626
(e.g., on a road headed away from second holding zone 1610) and a predicted imminent demand
proximate another holding zone. However, in other embodiments, vehicles 1624 and 1626 may be
directed to separate holding zones based on a variety of implementation-specific considerations. For
example, vehicle 1624 may be closer to second holding zone 1610 than to first holding zone 1608 such
that vehicle 1624 may be assigned to meet the demand in second general zone 1604 instead of first

general zone 1602. For further example, in some embodiments, one or more of the vehicles may be
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directed to another holding zone if second holding zone 1610 is at full capacity (i.e., it cannot
accommodate any more vehicles).

[0346] In some embodiments, one or more of the holding zones may include a location where
one or more ridesharing vehicles may park while waiting for a user assignment. For example, second
holding zone 1610 includes parking spots 1634. In some embodiments, one or more of the holding zones
may include a route along which a vehicle may be directed to drive while awaiting a pick-up assignment.
For example, second holding zone 1610 includes circular route 1636. In one embodiment, manually-
drivable vehicles may be directed to parking spots 1634 and autonomous vehicles may be directed to
route 1636. In the illustrated embodiment, route 1636 is shown as a circular route proximate to parking
spots 1634. However, in other embodiments, route 1636 may be a series of streets in a neighborhood, or
any other suitable path one or more vehicles can follow while waiting for a passenger assignment.

[0347] Fig. 17A illustrates a flowchart of an exemplary method 1700 for dispatching at least one
ridesharing vehicle, in accordance with some embodiments of the present disclosure. The method 1700
may be carried out, for example, by processor 310. For exemplary purposes only, method 1700 for
dispatching at least one ridesharing vehicle is described with respect to processing device 310 cooperating
with memory 320 to execute modules 1501-1504. In accordance with method 1700, processor 310 may
store historical data associated with past ridesharing demand at block 1702. For example, historical data
module 1501 may store historical data in database 1505 as it is collected when ride requests are initiated
for a ride. The stored historical data may then be accessed at a later point in time at block 1704. For
example, historical data module 1501 may access the historical data via database access module 1504.

[0348] Historical data module 1501 may use the accessed historical data to predict imminent
demand of ridesharing requests at block 1706. For example, the processor 310 may predict that first
general zone 1602 and second general zone 1604 in geographical area 1600 will likely experience
imminent demand for ridesharing requests. Holding zone selection module 1502 may select a holding
zone for prepositioning at least one ridesharing vehicle to address the predicted imminent demand at
block 1708. For example, the processor 310 may select second holding zone 1610 for vehicle 1624 based
on predicted imminent demand in second general zone 1604. The imminent demand may be predicted,
for example, based on the likelihood of rain given storm clouds 1630. The processor 310 may send
instructions to at least one rideshare vehicle (e.g., vehicle 1624) to travel to the selected holding zone
(e.g., second holding zone 1610) at block 1710.

[0349] Fig. 17B illustrates a flowchart of an exemplary method 1712 for dispatching a plurality
of ridesharing vehicles, in accordance with some embodiments of the present disclosure. The method
1712 may be carried out, for example, by processor 310. For exemplary purposes only, method 1712 for
dispatching at least one ridesharing vehicle is described herein with respect to processing device 310
cooperating with memory 320 to execute modules 1501-1504. In accordance with method 1712,
processor 310 may receive location information from a plurality of ridesharing vehicles at block 1714.
For example, processor 310 may receive location information from vehicle 1624 and vehicle 1626. The

location information may include any information that enables the processor 310 to determine vehicle
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location within geographical area 1600. For example, the location information may include global
positioning system (“GPS”) coordinates, current speed, current direction of travel, etc.

[0350] The processor 310 may assign additional users to one or more of the plurality of
ridesharing vehicles for simultaneous transportation with users already being transported in the
ridesharing vehicles at block 1716. For example, vehicle 1624 may be carrying user 130A when
processor 310 assigns vehicle 1624 an additional user 130B to transport. In this way, user 130A and user
130B may be simultaneously transported by vehicle 1624 because at least a portion of the trip of user
130A overlaps with at least a portion of the trip of user 130B such that they are in vehicle 1624 at the
same time for a portion of their respective trips.

[0351] The processor 310 may identify first and second ridesharing vehicles about to be without
passengers and without future assignments at block 1718. For example, the processor 310 may determine
that vehicle 1624 has stopped at the final destination of its passengers and has not accepted another trip
request. Likewise, the processor 310 may determine that vehicle 1626 is 0.1 miles from the final
destination of its passengers and has not accepted another trip request. Based on this information, the
processor 310 may direct the first ridesharing vehicle to a first holding zone at block 1720 and the second
ridesharing vehicle to a second holding zone at block 1722. In some embodiments, the first ridesharing
vehicle and the second ridesharing vehicle may be directed to the holding zones to which each vehicle is
closest. In other embodiments, the ridesharing vehicles may be directed based on a variety of
implementation-specific considerations, such as holding zone capacity, holding zone occupancy rate,
expected level of demand in a general zone or each zone, length of time the vehicle has been driven, etc.

[0352] Dynamic Route Planning

[0353] In some embodiments, ridesharing management system 100 may collect a large volume
of information over time related to available routes for ridesharing vehicles in geographical areas at
particular times, places, etc. This data may be stored by ridesharing management system 100, for
example, in database 170 for future use. However, some existing ridesharing management systems may
encounter the technical problem of how to process the large amount of stored data and large number of
possible routes and to use the data to provide an improved user experience for the riders and/or drivers in
the ridesharing network. This problem may be particularly prevalent in systems for which the number
and type of ridesharing vehicles present in a geographical area at a given point in time fluctuates based on
human behavior, choices, traffic conditions, weather conditions, etc.

[0354] Some of the presently disclosed embodiments may address these technical problems by
collecting and processing past route data and/or current variables affecting possible vehicle routes to
determine an optimal route for a particular ridesharing vehicle through a given geographical area. For
example, presently disclosed embodiments may take into account a capacity of a given ridesharing
vehicle and how much of that capacity is being utilized at a given point in time to determine a vehicle
route. For instance, in one embodiment, the ridesharing management system 100 may route a particular
ridesharing vehicle along a route that results in a later arrival time for one or more passengers, as

compared to another available route, when the ridesharing vehicle is operating with a different, e.g.,
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higher capacity. In this way, a greater number of users may be serviced more quickly compared to
systems that route based only on expected arrival time and not other variables.

[0355] Fig. 18 is a diagram illustrating an example of memory 320 storing a plurality of
modules, consistent with the disclosed embodiments. The modules may be executable by at least one
processor to perform various methods and processes disclosed herein. Further, it should be noted that
memory 320 may store more or fewer modules than those shown in Fig. 18, depending on
implementation-specific considerations.

[0356] As illustrated in Fig. 18, memory 320 may store software instructions to execute an input
data collection module 1801, a capacity status determination module 1802, a vehicle routing module
1803, a database access module 1804, and may also include database(s) 1805. Input data collection
module 1801 may include software instructions for receiving input data (e.g., user ride requests, current
location of ridesharing vehicles, etc.) from one or more sources. Capacity status determination module
1802 may include software instructions for determining a capacity status for one or more ridesharing
vehicles based on a known passenger capacity. Vehicle routing module 1803 may include software
instructions for sending one or more ridesharing vehicles to pick up user(s) and directing the vehicles
along a determined route. Database access module 1804 may include software instructions executable to
interact with database(s) 1805, to store and/or retrieve information (e.g., geographical maps associated
with a geographical area in which a ridesharing vehicle is operating).

[0357] Input data collection module 1801 may include software instructions for receiving input
data related to ridesharing vehicle routing. The input data may be any data relevant to directing one or
more ridesharing vehicles along a route. For example, the input data may include ride requests froma
plurality of users headed to different destinations. The ride requests may include information such as a
starting point, a desired destination, an identity of the user, a rating of the user, etc. Moreover, the input
data may be a current location of one or more ridesharing vehicles. The current location of a ridesharing
vehicle may be received, for example, from a mobile communications device (e.g., a smartphone, tablet,
etc.) associated with (e.g., located in the passenger cabin) the ridesharing vehicle.

[0358] Capacity status determination module 1802 may include software instructions for
determining a capacity status for one or more ridesharing vehicles. The capacity status of a vehicle at a
given point in time may be any variable that captures the relative available capacity of the vehicle
compared to a known capacity of the vehicle when empty. For example, the capacity status and/or known
capacity may be measured with respect to a numerical value for each passenger. For example, if the
known passenger capacity of a vehicle is 4 riders and 1 rider is in the vehicle, the capacity status of the
vehicle is 3. Further, the capacity status and/or known capacity of the vehicle may include the vehicle’s
driver or may be computed without counting the vehicle’s driver (e.g., in the case of an autonomous
vehicle).

[0359] In some embodiments, the capacity status may be adjusted based on factors other than the
number of passengers currently in the vehicle but that affect the available capacity of the vehicle. For

example, if a passenger has a suitcase that is taking up the space in the vehicle, the capacity status
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availability may be reduced by 2 passengers instead of 1 passenger. As another example, if a passenger
takes up more than one seat in the vehicle, the capacity status may be reduced accordingly. Additionally,
the capacity status may be adjusted automatically based on, for example, metadata associated with a
user’s ride request, and/or manual inputs, such as the driver’s observations when the passenger is picked
up.

[0360] Capacity status determination module 1802 may also include software instructions for
retrieving, receiving, and/or determining a capacity threshold for a given ridesharing vehicle. The
capacity threshold may be any variable that captures the lack of further availability of a vehicle to
accommodate transport of additional passengers and/or items. For example, the capacity threshold may
be a percentage of the known passenger capacity of the given ridesharing vehicle. In one embodiment,
the capacity threshold may be set at 75% of the known passenger capacity such that if 3 of the 4 available
seats in a vehicle are full, the capacity threshold is met. In other embodiments, the capacity threshold
may be determined based on a vehicle ride type selected and/or paid for by a given rider. For example, in
one embodiment, a user may select a private ride such that the capacity threshold is set to one passenger.

[0361] In some embodiments, the capacity threshold may be set based on the passenger-capacity
of a given ridesharing vehicle. For example, in some embodiments, the capacity threshold may be one
person less than a passenger-capacity of a ridesharing vehicle. In other embodiments, the capacity
threshold may be two persons less than a passenger-capacity of the ridesharing vehicle. In other
embodiments, the capacity threshold may be three persons less than a passenger-capacity of the
ridesharing vehicle. In another embodiment, the capacity threshold may be four persons less than a
passenger-capacity of the ridesharing vehicle. Further, the capacity threshold may be any given number
of passengers, such as two passengers, three passengers, four passengers, etc.

[0362] Further, in some embodiments, a particular vehicle type may have a known passenger
capacity (e.g., a four door vehicle may accommodate 4 passengers other than the driver). However,
certain sub-types of the vehicle type may nevertheless be assigned a capacity status or have a capacity
threshold adjusted up or down for the particular vehicle type. For example, a small vehicle with reduced
room inside may be assigned a lower known passenger capacity or may be found to meet a threshold
capacity sooner than a larger vehicle. Likewise, a large vehicle with increased room inside may be
assigned a higher known passenger capacity or may be found to reach a capacity threshold later than a
smaller vehicle.

[0363] Capacity status determination module 1802 may also include software instructions for
determining whether the capacity status of a ridesharing vehicle meets the capacity threshold. For
example, the module 1802 may compare a normalized capacity status to a normalized capacity threshold
to determine if the threshold is met. The capacity status and capacity threshold may be normalized to
both be represented as a whole number, percentage, ratio, etc. to enable comparison. In some
embodiments, if the capacity status of the vehicle is below the capacity threshold, the ridesharing vehicle

may be directed to pick up one or more additional passengers. Further, if the capacity status of the
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vehicle meets or exceeds the capacity threshold, the ridesharing vehicle may be directed to a route that
transports the existing passengers to their respective destinations as quickly as possible.

[0364] Vehicle routing module 1803 may include software instructions for routing a ridesharing
vehicle to pick up and/or transport one or more users. For example, in response to the ride requests
received by input data collection module 1801 from the plurality of users headed to differing destinations,
vehicle routing module 1803 may send the ridesharing vehicle to pick up the plurality of users headed to
the different destinations. That is, vehicle routing module 1803 may direct the ridesharing vehicle along
one or more routes through the surrounding environment based on the current state of one or more
variables. Further, the route to which the ridesharing vehicle is assigned may be dynamically adjusted
during transportation of the plurality of users to redirect the ridesharing vehicle to optimize one or more
performance variables.

[0365] For example, in one embodiment, vehicle routing module 1803 may direct and/or redirect
the ridesharing vehicle along one or more routes based on the capacity status of the ridesharing vehicle
and/or one or more additional variables. In one embodiment, the ridesharing vehicle may be directed
along a first route resulting in a first set of arrival times for the plurality of users (e.g., if the capacity
status of the ridesharing vehicle is below the capacity threshold). The ridesharing vehicle may also be
directed along a second route resulting in a second set of arrival times for the plurality of users (e.g., if the
capacity threshold is met). In some embodiments, the second set of arrival times may be earlier than the
first set of arrival times. This may occur, for example, because the second route includes a toll road that
is more direct than a non-toll road, a highway that is faster than side streets or streets with traffic signals,
or any other factor affecting trip length. In one embodiment, each of the respective arrival times of each
respective passenger may be earlier for the second route than the first route. However, in other
embodiments, the second route may result in a set of arrival times that are generally earlier than the first
route. That is, each respective arrival time of each passenger is not necessarily earlier on the second route
than the first route, but at least one passenger may arrive earlier for the second route than the first route.

[0366] In one embodiment, the ridesharing vehicle may be directed or redirected to the second
route when the capacity of the ridesharing vehicle is below the capacity threshold but imminent demand
is predicted in an area near at least one drop-off location associated with at least one passenger. For
example, only one passenger may be in a vehicle that can accommodate three passengers. However, the
current passenger’s destination may be a concert hall near a sports arena that is hosting a sporting event
that is expected to end within a few minutes of the passenger’s estimated arrival time at the concert hall.
Accordingly, in order to better meet the expected demand proximate the sports arena, ridesharing
management system 100 may direct the ridesharing vehicle to take the second, faster route.

[0367] In another embodiment, the ridesharing vehicle may be directed or redirected to the
second route when the capacity status of the ridesharing vehicle is below the capacity threshold but
another ridesharing vehicle is driving along ar similar route to the first route. A “similar route” may be
any route that partially or fully overlaps with the first route. For example, if the first route includes

driving on portions streets A, B, C, and D, and another route includes driving on the same portions of
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streets A and B, the routes may be similar routes. The foregoing feature may enable greater efficiencies
in the ridesharing system because the likelihood that multiple vehicles are traveling along the same or
similar routes may be reduced, thus enabling duplicative routes to be reduced or eliminated.

[0368] Database 1805 may be configured to store any type of information of use to modules
1801-1804, depending on implementation-specific considerations. For example, in embodiments in
which vehicle routing module 1803 is configured to access one or more prior-stored maps of geographical
areas, database 1805 may store the geographical maps. Further, modules 1801-1804 may be implemented
in software, hardware, firmware, a mix of any of those, or the like. For example, if the modules are
implemented in software, they may be stored in memory 320. However, in some embodiments, any one
or more of modules 1801-1804 and data associated with database 1805, may, for example, be stored in
processor 310 and/or located on server ridesharing management server 150, which may include one or
more processing devices. Processing devices of server 150 may be configured to execute the instructions
of modules 1801-1804. In some embodiments, aspects of modules 1801-1804 may include software,
hardware, or firmware instructions (or a combination thereof) executable by one or more processors,
alone or in various combinations with each other. For example, modules 1801-1804 may be configured
to interact with each other and/or other modules of server 150 to perform functions consistent with
disclosed embodiments.

[0369] Fig. 19 illustrates a schematic of an example environment including a geographical area
1900 in which autonomous ridesharing vehicle 130F and user-driven vehicle 1902 (not shown to scale
for illustrative purposes) are dispatched and under control of ridesharing management system 100. Inthe
illustrated embodiment, processor 310 has received ride requests from the plurality of users 130A-C via
communications devices 120A-C. In the illustrated example, user 130A has requested a ride from the
starting point at house 1904 to desired destination at school 1906. Further, user 130B has requested a ride
from the starting point at house 1908 to desired destination at library 1910. Similarly, user 130C has
requested a ride from the starting point at house 1912 to desired destination at park 1914.

[0370] In the illustrated example, ridesharing management system 100 has determined a first
route 1920 resulting in a first set of arrival times for users 130A-C. For example, first route 1920 may
result in user 130A arriving at school 1906 at 9:00 am, user 130B arriving at library 1910 at 9:05 am, and
user 130C arriving at park 1914 at 9:10 am. Similarly, ridesharing management system 100 has
determined a second route 1922 resulting in a second set of arrival times for users 130A-B. For example,
second route 1922 may result in user 130A arriving at school 1906 at 8:55 am, user 130B arriving at
library 1910 at 9:00 am, and user 130C being picked up by another ridesharing vehicle. In this
embodiment, the second set of arrival times may be earlier than the first set of arrival times because user
130A arrives at 8:55 am when route 1922 is taken but at 9:00 am when route 1920 is taken. Similarly, the
second set of arrival times may be earlier than the first set of arrival times because user 130A arrives at
9:00 am when route 1922 is taken but at 9:05 am when route 1920 is taken.

[0371] In some embodiments, processor 310 may selectively direct vehicle 1902 along the first

route 1920 and/or the second route 1922 based on the capacity status of the vehicle 1902. For example,
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vehicle 1902 in the illustrated embodiment includes driver 130D having mobile communications device
120E mounted in vehicle 1902. A passenger 1924 is being transported by vehicle 1902. However, seats
1926 and 1928, as well as a non-illustrated middle seat in the back, remained unoccupied. Therefore,
vehicle 1902 may be determined to be below a capacity threshold for the vehicle, which may be set at 4
passengers. Therefore, vehicle 1902 may be determined to have availability to pick up 3 passengers to fill
the remaining seats in vehicle 1902. Thus, in one embodiment, vehicle 1902 may be directed along the
first route 1920 to pick up passengers 130A-C.

[0372] In another embodiment, however, vehicle 1902 may be directed along second route 1922.
For example, passenger 1924 may have a large bag or suitcase taking up one seat in vehicle 1902 such
that only two additional passengers can be transported simultaneously with passenger 1924 and his
belongings. In such an embodiment, vehicle 1902 may be directed along second route 1922 to pick up
passengers 130A and 130B, but not passenger 130C.

[0373] As another example, vehicle 1902 may be directed along second route 1922 when the
capacity status of vehicle 1902 is below the capacity threshold but at least one of the users 130A-C
booked an expedited ride (e.g., by paying a higher price for the ride). For example, user 130A may book
an expedited ride to school 1906 such that vehicle 1902 is directed along second route 1922 to get user
130A to school 1906 more quickly than if first route 1920 was taken.

[0374] In another embodiment, vehicle 1902 may be selectively directed or redirected along the
first route 1920 and the second route 1922 based on feedback received from one or more tracking
systems. For example, in one embodiment, ridesharing management system 100 may receive real time
traffic data (e.g., data from governmental traffic tracking cameras) updated every 30 seconds, every
minute, every 5 minutes, every 10 minutes, etc. as traffic changes. In one embodiment, vehicle 1902 may
be directed along the first route 1920 when the capacity threshold is met but traffic congestion is
identified along the second route 1922. In some embodiment, the traffic congestion may be atypical for
the given day, time, and/or route.

[0375] In another embodiment, vehicle 1902 may be directed along the second route 1922 based
on real time traffic data. For example, vehicle 1902 may be directed to the second route when the
capacity status of vehicle 1902 is below the capacity threshold and traffic congestion is identified along
first route 1920. In some embodiments, the traffic congestion along first route 1920 may be atypical for
the given day, time, and/or route.

[0376] In some embodiments, ridesharing management system 100 may receive inputs from
mobile communications devices associated with users 130A-C, vehicle 130F, and/or vehicle 1902
throughout the continuous operation of the ridesharing dispatch system. These inputs may be used to
direct one or more of the ridesharing vehicles in the system to different routes, to pick up different
passengers, etc. For example, in one embodiment, processor 310 is configured to continuously receive
location information from the mobile communications device 120E associated with the ridesharing
vehicle 1902 to estimate arrival time of vehicle 1902 at the pick up location 1904 of one of the plurality

of users 130A and to reassign a different ridesharing vehicle (e.g., 130F) when the processor 310 predicts
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a delay in arrival of the ridesharing vehicle 1902 at the pick-up location 1904. For example, a delay may
be expected because vehicle 1902 needs to stop for fuel, has encountered traffic, got into an accident,
experienced mechanical malfunctions, got pulled over by the police, made a wrong turn, etc.

[0377] In another embodiment, the processor 310 is configured to continuously receive location
information from mobile communications device 120A associated with one of the plurality of users 130A,
to estimate arrival time at the pick-up location 1904 of the user 130A and to reassign a different
ridesharing vehicle (e.g., 130F) when the processor 310 estimates that that user 130A will arrive after the
ridesharing vehicle 1902. For example, if user 130A requests a ride while visiting a neighbor, mobile
communications device 120A may reflect that user 130A is not at pickup location 1904. Processor 310
may further compute that it will take user 130A more time to reach house 1904 than vehicle 1902 given
the current locations of user 130A and vehicle 1902. Therefore, processor 310 may send a different
vehicle, such as autonomous vehicle 130F to pick up user 130A. "

[0378] In another embodiment, the processor 310 is configured to continuously receive location
information from a communications device (e.g. mobile communications device 120A) associated with
the ridesharing vehicle 1902, to estimate arrival time at the pick-up location 1904 and to reassign a
different ridesharing vehicle (e.g., 130F) when the processor estimates that the ridesharing vehicle 1902
will arrive at the pick-up location 1904 later than a time originally estimated.

[0379] In some embodiments, processor 310 may be configured to track one or more variables
that impact the capacity status of the ridesharing vehicle(s) and change the capacity status and/or capacity
threshold accordingly. For example, in one embodiment, processor 310 may track the luggage of one or
more passengers that can have an effect on the capacity status of the ridesharing vehicle and change the
capacity status and/or capacity threshold accordingly. Luggage of one or more passengers may be
tracked in any suitable manner, such as user input, sensor input, etc. For example, in one embodiment,
the passenger and/or driver may input that he/she has a suitcase, bicycle, musical instrument, or other
space-consuming item to transport. For further example, in another embodiment, processor 310 is further
configured to track a passenger’s physical condition that can have an effect on the capacity status of the
ridesharing vehicle and to change the capacity status and/or capacity threshold accordingly. For instance,
the passenger, driver, and/or one or more sensors may indicate that the passenger has a wheel chair, a
baby, or any other item that takes up space, or that the passenger is a large size that will take up more than
one seat.

[0380] In some embodiments, vehicle 1902 may be directed or redirected along the first route
1920 when the capacity threshold is met but an additional user is assigned to the ridesharing vehicle 1902
with a pick-up location along the first route 1920. For example, in one embodiment, the capacity
threshold for vehicle 1902 may be set to 3 adult passengers so no adult passengers are assigned to sit in
the middle back seat. However, the capacity threshold may be overridden if a user (e.g., user 130A) has a
pickup location (e.g., house 1904) along the first route 1920.

[0381] Fig. 20 illustrates a flow chart of an exemplary method 2000 for dispatching at least one

ridesharing vehicle, in accordance with some embodiments of the present disclosure. For exemplary
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purposes only, method 2000 for dispatching at least one ridesharing vehicle is described with respect to
processing device 310 cooperating with memory 320 to execute modules 1801-1804. In accordance with
method 2000, processor 310 may receive ride requests from a plurality of users, as described in detail
above, at block 2002. Further, processor 310 may receive location information from one or more
communications devices associated with a ridesharing vehicle at block 2004. These inputs may be
collected as discussed above with respect to input data collection module 1801.

[0382] Capacity status determination module 1802 may determine a capacity status of the
ridesharing vehicle available to pick up the plurality of users at block 2006. For example, processor 310
may receive an input regarding the known passenger capacity of the ridesharing vehicle (e.g., the vehicle
is an extended SUV that seats 6 passengers, a four-door car that seats 4 passengers, etc.). Processor 310
may then receive an input regarding the current number of passengers in the ridesharing vehicle. Based
on these inputs, processor 310 may determine the capacity status of the vehicle. The capacity status may
be expressed in terms of absolute numbers (e.g., vehicle can accommodate 2 passengers), a binary
representation (e.g., availability or no availability), or any other suitable representation.

[0383] Vehicle routing module 1803 may send the ridesharing vehicle to pick up the plurality of
users at block 2008. Processor 310 may then query whether the capacity status of the ridesharing vehicle
is below the capacity threshold at block 2010. Based on the result of the query at block 2010, processor
310 may direct the ridesharing vehicle along a selected route. For example, in the illustrated
embodiment, if the capacity status of the ridesharing vehicle is not below the capacity threshold, the
ridesharing vehicle is directed along the second route 1922 at block 2012. However, if the capacity status
of the ridesharing vehicle is below the capacity threshold, the ridesharing vehicle is directed along the
first route 1920 at block 2014. In this way, the ridesharing vehicle may be directed to a route to pick up
additional passengers when the capacity status indicates room in the vehicle for additional passengers or
to an alternate route to drop off the existing passengers when the capacity status indicates lack of room
for additional passengers.

[0384] Further, method 2000 includes a query as to whether a rerouting condition has been met
at block 2016. The rerouting condition may be any factor that renders the current route of the ridesharing
vehicle more or less desirable at a given point in time. For example, the rerouting condition may bea
traffic report, identified construction, road hazard, weather alert, imminent expected demand in a nearby
area, user request for an expedited ride, driver request to stop driving, etc. If the rerouting condition is
met, the ridesharing vehicle may be redirected to an alternate route at block 2020. However, if the
rerouting condition is not met, processor 310 may not make any change to the directed route at block
2018.

[0385] For instance, in one embodiment, vehicle 1902 may be directed along first route 1920 at
block 2014. However, after the ride has begun, imminent demand may be predicted near library 1910 due
to a reading group ending soon. Accordingly, vehicle 1902 may be redirected along an alternate route

that includes library 1910 to meet the expected imminent demand.
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[0386] Purposefully Selecting Longer Routes to Improve User Satisfaction

[0387] In the context of ridesharing, the quality of the passengers’ user experience is typically
not simply a function of the arrival time, simply because there are other available transportation
alternatives that may be faster than ridesharing. Instead, a complicated combination of factors other than
the fastest time of arrival may affect the satisfaction of a typical ridesharing passenger. In one example, as
discussed above with reference to Figs. 6-8, automated ridesharing dispatch system 300 may avoid using
the full capacity of its vehicles in regular operation. This enhances the experience of users who might
otherwise feel cramped in vehicles at or near capacity. In another example, as discussed in greater detail
below, ridesharing management system 100 may avoid directing the ridesharing vehicle to a fastest route
when the fastest route would violate a principle associated with expected user satisfaction. Specifically,
certain navigation maneuvers (e.g., backtracking, U-turns, traversing certain roads) can negatively impact
the user experience, even if resulting in a faster arrival time. Therefore, as described below, ridesharing
management system 100 may determine a driving route longer than alternative driving routes, but
nevertheless determine a route that is substantially devoid of navigation maneuvers that negatively impact
the user experience.

[0388] Fig. 21A illustrates an exemplary embodiment of a memory 2100 containing software
modules consistent with the present disclosure. In particular, as shown, memory 2100 may include a data
capture module 2102, a traffic module 2104, a vehicle selection module 2106, a route determination
module 2108, a transmission module 2110, a database access module 2112, and a database 2114. Modules
2102, 2104, 2106, 2108, 2110, and 2112 may contain software instructions for execution by at least one
processing device, e.g., processor 310, included with automated ridesharing dispatch system 300. Data
capture module 2102, traffic module 2104, vehicle selection module 2106, route determination module
2108, transmission module 2110, database access module 2112, and database 2114 may cooperate to
perform multiple operations. For example, data capture module 2102 may receive ride requests from a
plurality of users and receive indications of current locations of the plurality of ridesharing vehicles.

[0389] Traffic module 2104 may receive real time traffic data and enables estimation of the
durations of alternatives driving routes. Vehicle selection module 2106 may select a ridesharing vehicle fo
pick up the plurality of users. Route determination module 2108 may determine a route for the selected
ridesharing vehicle. Transmission module 2110 may use a communications interface for sending
information to the plurality of users about the pick-up location, and for sending driving directions to the
selected ridesharing vehicle based on the determined route. Database access module 2112 may interact
with database 2114 which may store a plurality of rules for determining the driving route and any other
information associated with the functions of modules 2102-2112. The plurality of rules may include a
fastest route for guiding a ridesharing vehicle and a rule for reducing backtracking even in instances
where backtracking would result in shorter travel time.

[0390] In some embodiments, memory 2100 may be included in, for example, memory 320.
Alternatively or additionally, memory 2100 may be stored in an external database 170 (which may also be

internal to ridesharing management server 150) or external storage communicatively coupled with
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ridesharing management server 150, such as one or more database or memory accessible over network
140. Further, in other embodiments, the components of memory 2100 may be distributed in more than
one server.

[0391] In some embodiments, data capture module 2102 may receive ride requests from a
plurality of users, and each ride request may include a starting point and a desired destination. A starting
point may refer to a current location of the user, as input by each user through an input device of an
associated user device, or as determined by a location service application installed on the user device. A
desired destination may refer to a location where the user desires to be taken to, for example, an entrance
of a shopping center. In some embodiments, data capture module 2102 may also receive from a plurality
of communication devices associated with a plurality of ridesharing vehicles indications of current
locations of the plurality of ridesharing vehicles. The current location of the plurality of ridesharing
vehicles may be determined by a location service application installed on a driver device, a
driving-control device, or by a location determination component in the ridesharing management system
100, which may be a part of or separate from ridesharing management server 150. For example, the
indications of current locations of the plurality of ridesharing vehicles may include global positioning
system (GPS) data generated by at least one GPS component associated with each ridesharing vehicle.

[0392] In some embodiments, traffic module 2104 may include instructions configured to
receive historical and/or real time traffic data, including information about at least one of street blockages
and atypical congestion. Traffic data may include real-time traffic data regarding a certain geographical
region, and may be used to, for example, calculate estimate time of arrival for pick-up locations. The
traffic data may also be used for determining the driving route for a particular ride. Real-time traffic data
may be received from a real-time traffic monitoring system, which may be integrated in or independent
from ridesharing management system 100. In one embodiment, traffic module 2104 may determine the
real time traffic data from information received from the plurality of ridesharing vehicles. In some
embodiments, traffic module 2104 may also identify an existence of an area of traffic obstruction in a
vicinity of the driving route. Traffic obstructions may include scheduled event (e.g., a parade, an
infrastructure repair, construction work, etc.) and an unscheduled event (e.g., a road closure, an accident,
a public safety incident, or any related environmental condition, such as a fallen tree or powerline, etc.).
In another embodiment, traffic module 2104 is configured to predict traffic conditions based on historic
traffic data records.

[0393] In some embodiments, vehicle selection module 2106 may select a ridesharing vehicle to
pick up the plurality of users. In other words, vehicle selection module 2106 may assign the plurality of
users to a common ridesharing vehicle. For example, ride service parameters may be transmitted to
ridesharing management server 150 for processing the ride request and selecting an available ridesharing
vehicle based on one or more ride service parameters. The ride service parameters may include user
preference parameters regarding a vehicle ridesharing service, for example, a maximum walking distance
from a starting point to a pick-up location, a maximum walking distance from a drop-off location to a

desired destination, a total maximum walking distance involved in a ride, a maximum number of
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subsequent pick-ups, maximum delay of arrival/detour incurred by subsequent pick-ups during a ride, and
a selection whether to permit toll road usage during the ride, etc. Ridesharing management server 150
may further be configured to receive user input from user devices (e.g., user devices 120A-120C) as to
various ride service parameters and may select a ridesharing vehicle to pick up the user, accordingly.

[0394] In some embodiments, route determination module 2108 may determine a route for the
selected ridesharing vehicle. The determined route may include a plurality of pick-up and drop-off
locations associated with the starting points and desired destinations of the plurality of users. Consistent
with the present disclosure, determining the driving route may include selecting pick-up locations and
drop-off locations for each of the plurality of users (commonly referred to as “virtual bus stops™), and
determining the path between the virtual bus stops. The determined route may pass between all the
determined pick-up points. When selecting a virtual bus stop, route determination module 2108 may
confirm that the pick-up location is within a maximum walking distance (e.g., 300 meters or less) from
the starting point, and that the drop-off location is within a maximum walking distance (e.g., 500 meters
or less) to a desired destination. The virtual bus stops for the plurality of users and the driving route may
be determined to minimize at least one of: a time duration of each user spends in the ridesharing vehicle,
a time duration each user spends waiting in the pick-up location, a distance each user needs to walk from
the starting point to the pick-up location, a distance each user needs to walk from the drop-off location to
the desired destination, and the number of empty seats in the ridesharing vehicle.

[0395] When determining the path between two virtual bus stops, route determination module
2108 may determine a route for the ridesharing vehicle other than the fastest route. Specifically, route
determination module 2108 may determine a reduced-backtracking route. The term “reduced-
backtracking route” means a route in which nonessential deviations from a trajectory of an average
direction of the passengers’ desired destinations are minimized. Although an absolute non-backtracking
route may yield the most user satisfaction, in some cases (e.g., at an exit from a highway, at a specific
road formation, due to certain traffic rules and/or conditions, etc.), selecting an absolute non-backtracking
route may not be a feasible option. The reduced-backtracking route is a route in which unnecessary
navigation maneuvers (e.g., U-turns, three consecutive left turns, three consecutive right turns, and more)
are avoided compared to alternative driving routes. An example of a non-reduced-backtracking route is
depicted in Fig. 21B and an example of a reduced-backtracking route is depicted in Fig. 21C. In some
embodiments, although route determination module 2108 may give more weight to the rule for reducing
backtracking than the rule for fastest route, in some cases, driving route determination module 2108 may
override the backtracking rule.

[0396] In some embodiments, transmission module 2110 may communicate, based on
instructions from vehicle selection module 2106, with ridesharing management server 150 to send to the
selected ridesharing vehicle, via a communications interface (e.g., communications interface 360), driving
directions according to the determined route. As discussed above, communications interface 360 may
include a modem, Ethernet card, or any other interface configured to exchange data with a network, such

as network 140 in Fig. 1. For example, ridesharing management server 150 may include software that,
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when executed by a processor, provides communications with network 140 through communications
interface 360 to one or more mobile communications devices 120A-F. In some embodiments,
transmission module 2110 may further send to the user, via the communications interface, information
that causes a display of walking directions from a starting point to a pick-up location and from a drop-off
location to a desired destination. Transmission module 2110 may further send (e.g., via a communications
interface) messages to the passengers of a ridesharing vehicle when a route other than the reduced-
backtracking route has been selected. The messages may appear in different formats, for example, a text
message, an audio message, or a graphical image, which may include text. The messages may specify
how much time each passenger is estimated to save by selecting the driving route other than the reduced-
backtracking route.

[0397] In some embodiments, database access module 2112 may cooperate with database 2114
to retrieve a plurality of rules for determining the driving route, map information, traffic data,
environmental condition data, and/or any associated stored data or metadata. For example, database
access module 2112 may send a database query to database 2114 which may be associated with database
170. Database 2114 may be configured to store any type of information of use to modules 2102-2112,
depending on implementation-specific considerations. For example, route determination module 2108
may be configured to determine a route for the ridesharing vehicle using a plurality of rules stored in
database 2114. Route determination module 2108 may further be configured to determine the driving
route for the ridesharing vehicle using data stored in database 2114. The stored data may be prior-
collected information. Prior-collected information may include ride request information from users and
indications of locations of plurality of ridesharing vehicles received from data capture module 2102.
Prior-collected information may also include received real time traffic data and information providing a
description of the nature, time, and/or date of any traffic conditions and/or environmental conditions
received from traffic module 2104

[0398] In some embodiments, database 2114 may include separate databases, including, for
example, a vector database, raster database, tile database, viewport database, and/or a user input database,
configured to store data. The data stored in database 2114 may be received from modules 2102-2112,
ridesharing management server 150, from user devices 120A-F and/or may be provided as input using
data entry, data transfer, or data uploading. The data stored in the database 2114 may represent multiple
data forms including, for example, general mapping and geographic information, latitude and longitude
(Lat/Lon) values, world coordinates, tile coordinates, pixel coordinates, Mercator and/or other map
projection data, user identifier data, driver identifier data, vehicle identifier data, device type data,
viewport data, device orientation data, user input data, geographical scale data, and a variety of other
electronic data. Database 2114 may also include, for example, street, city, state, and country data
including landmark identifiers and other related information. Database 2114 may also include search logs,
cookies, web pages, and/or social network content, etc.

[0399] Modules 2102-2112 may be implemented in software, hardware, firmware, a mix of any

of those, or the like. For example, if the modules are implemented in software, the modules may be stored
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in a server (e.g., ridesharing management server 150) or distributed over a plurality of servers. In some
embodiments, any one or more of modules 2102-2112 and data associated with database 2114, may, for
example, be stored in processor 310 and/or located on ridesharing management server 150, which may
include one or more processing devices. Processing devices of ridesharing management server 150 may
be configured to execute the instructions of modules 2102-2112. In some embodiments, aspects of
modules 2102-2112 may include software, hardware, or firmware instructions (or a combination thereof)
executable by one or more processors, alone or in various combinations with each other. For example,
modules 2102-2112 may be configured to interact with each other and/or other modules of server 150
and/or a ridesharing management system 100 to perform functions consistent with disclosed
embodiments.

[0400] Fig. 21B and Fig. 21C are schematic illustrations of an example map including different
driving route alternatives for a ridesharing vehicle 2150, according to disclosed embodiments. The map
includes a pick-up location 2156 for a passenger with a starting point 2158 and a drop-off location 2152
for a passenger with a desired destination 2154. Drop-off location 2152 is not necessarily for the same
passenger that was picked up at pick-up location 2156. The map in Fig. 21B includes a route 2160 that,
based on traffic conditions, is the fastest route, while the map in Fig. 21C includes a route 2162 that,
based on traffic conditions, would take more time than route 2160 but consistent with the present
disclosure is considered as a reduced-backtracking route.

[0401] In some embodiments, ridesharing management system 100 is configured to identify
multiple alternative route segments from pick-up location 2156 to drop-off location 2152. Thereafter,
ridesharing management system 100 is configured to use real-time traffic data to calculate a time
estimation for each of the alternative route segments. In the example illustrated in Figs. 21B and 21C,
route 2160 is longer (distance wise) from route 2162, but ridesharing management system 100 estimates
that it would take 5 minutes to drive the route segment from drop-off location 2152 to pick-up location
2156 using route 2160, and 8 minutes to drive the route segment from drop-off location 2152 to pick-up
location 2156 using route 2162. The reason route 2160 estimated to be is faster than route 2162 is due to
traffic congestion determined from, for example, traffic data received by ridesharing management system
100. However, consistent with the present disclosure, route 2162 is considered as a reduced-backtracking
route compared to route 2160 because it does not have three consecutive left turns. In one embodiment,
ridesharing management system 100 may be configured to select the appropriate route for ridesharing
vehicle 2150 based on a plurality of parameters. In one example, when ridesharing vehicle 2150 is
carrying five passengers, ridesharing management system 100 is configured to direct ridesharing vehicle
2150 via route 2162 because route 2160 has three consecutive left turns and it may negatively impact the
user experience. In another example, when ridesharing vehicle 2150 is carrying only the passenger picked
up at pick-up location 2156, ridesharing management system 100 is configured to direct ridesharing
vehicle 2150 via route 2160, which is faster.

[0402] With reference to the example described above, Fig. 22 depicts a flowchart of an example

process 2200 used by ridesharing management system 100 to select between the different route

81



10

15

20

25

30

35

WO 2018/140505 PCT/US2018/015060
alternatives. Process 2200 begins when ridesharing management system 100 receives ride requests from a
plurality of users (block 2202), receives GPS locations of the plurality of ridesharing vehicles (block
2204), and receives real time traffic data (block 2206). Thereafter, and based on the received data,
ridesharing management system 100 may identify a plurality routes associated with different travel-times
(block 2207), and assign the plurality of users to ridesharing vehicle 2150. In this example, ridesharing
management system 100 has identified only two relevant routes: the fastest route (e.g., route 2160) and
the reduced-backtracking route (e.g., route 2162). However, a person skilled in the art would recognize
that ridesharing management system 100 may identify more than two route alternatives, and that process
2200 specified below may be modified to enable selection between numerus of routes.

[0403] As mentioned above, the selection of the appropriate route for ridesharing vehicle 2150 is
based on different parameters. Process 2200 continues when ridesharing management system 100
determines whether the number of passengers currently riding ridesharing vehicle 2150 is less than a
certain threshold, e.g., two (decision block 2208). In some embodiments - in the context of process 2200,
a group of passengers riding to the same drop-off location are considered as a single passenger. When less
than, e.g., two passengers riding ridesharing vehicle 2150, ridesharing management system 100 may
direct ridesharing vehicle 2150 along the fastest route (block 2218). On the other hand, when two or more
passengers are riding ridesharing vehicle 2150, ridesharing management system 100 may determine
whether an expected travel-time change is greater than a backtracking threshold. In other words,
ridesharing management system 100 may be configured to estimate how much faster the fastest route is.
The backtracking threshold may be predetermined (e.g., 10 minutes) or dynamic (e.g., 5 minutes in rush
hour and 10 minutes in regular hours). For example, at 3:00 am when traffic is typically light, passengers
may mind that the ridesharing vehicle backtracks, and the backtracking threshold may be lower (e.g., two
minutes). When the expected travel-time change is greater than a backtracking threshold, ridesharing
management system 100 may direct ridesharing vehicle 2150 along the fastest route (block 2218). In the
example above, when ridesharing vehicle 2150 carried five passengers route 2160 was estimated to be 3
minutes faster than route 2162, and ridesharing management system 100 determined to use the reduced-
backtracking route. But if, for example, due to road construction on street route 2160 was estimated to be
24 minutes faster than route 2162, ridesharing management system 100 may determine to use the faster
route.

[0404] Process 2200 continues when ridesharing management system 100 determines whether
there is an indication of imminent high demand (decision block 2212). In one embodiment, the imminent
high demand for ridesharing vehicles may be the result of an inclement weather condition. When there is
an indication of imminent high demand, ridesharing management system 100 may direct ridesharing
vehicle 2150 along the fastest route (block 2218). On the other hand, when there is no an indication of
imminent high demand, ridesharing management system 100 may determine if there is a report or other
indication of an event that would affect the traffic on the reduced-backtracking route. In one embodiment,
the event may be a scheduled event, for example, when the reduced-backtracking route passes next to a

school, ridesharing management system 100 may direct ridesharing vehicle 2150 along the fastest route

- 82



10

15

20

25

30

35

WO 2018/140505 PCT/US2018/015060
near the end of the school day. In another embodiment, the event may be an unscheduled event, for
example, when the reduced-backtracking route passes next to a building that is on fire, and ridesharing
management system 100 may direct ridesharing vehicle 2150 along the fastest route. Accordingly, when
ridesharing management system 100 determines that the number of passengers currently riding
ridesharing vehicle 2150 is greater than two, the expected travel-time change may be less than a
backtracking threshold, and when there is no an indication of imminent high demand and there is no
report or other indication of an event that would affect the traffic on the reduced-backtracking route, the
system may direct ridesharing vehicle 2150 along the reduce-backtracking route.

[0405] Reference is now made to Fig. 23, which depicts an exemplary method 2300 for
managing a fleet of ridesharing vehicles consistent with the present disclosure. In one embodiment, the
steps of method 2300 may be performed by automated ridesharing dispatch system 300. In the following
description, reference is made to certain components of ridesharing management server 150 for purposes
of illustration. It will be appreciated, however, that other implementations are possible and that other
components may be utilized to implement the exemplary method. It will be readily appreciated that the
illustrated method can be altered to modify the order of steps, delete steps, or further include additional
steps.

[0406] At step 2302, a communications interface (e.g., communications interface 360) may
receive ride requests from a plurality of users. Consistent with the present disclosure, each ride request
may include a starting point and a desired destination. As mentioned above, the starting point may refer to
a current location of the user, as input by the user through an associated user device, or as determined by
a location service application installed on the associated user device. In some embodiments, the starting
point may be a location different from the current location of the user, for example, a location where the
user will subsequently arrive at (e.g., entrance of a building). A desired destination may refer to a location
where the user requests to be taken to. In another embodiment, each ride request may include additional
information, for example, information identifying the user, a selection of a type ridesharing service, an
indication of a maximum walking distance, etc.

[0407] At step 2304, the communications interface may receive from a plurality of
communication devices associated with a plurality of ridesharing vehicles, indications of current locations
of the plurality of ridesharing vehicles. Consistent with the present disclosure, the indications of the
current locations of the plurality of ridesharing vehicles may include global positioning system (GPS)
data generated by at least one GPS component associated with each ridesharing vehicle. In one example,
the plurality of communication devices may include mobile devices such as tablets or smartphones that
belong to the drivers of the ridesharing vehicles. In another example, the plurality of ridesharing vehicles
includes multiple smart vehicles and each communication device may be a component of a smart vehicle.
The term “smart vehicles” refers to vehicles (autonomously and/or manually-driven) with computing
resources, location determination components, and communication devices. A smart vehicle may

communicate with ridesharing management system 100 independently to the driver.
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[0408] At step 2306, a processing device (e.g., processor 310) may access memory (e.g.,
database 170) configured to store a plurality of rules including a rule to select a fastest route for guiding a

ridesharing vehicle and a rule for reducing backtracking, even in instances where backtracking would
result in a shorter travel time. In addition to the fastest route rule and the reduced-backtracking rule, the
memory is further configured to store additional rules for determining the driving route for the ridesharing
vehicle. For example, a rule to avoid specific roads, a rule to minimize a time duration in which each
assigned user spends in the ridesharing vehicle, a rule to minimize a time duration in which each assigned
user spends waiting, a rule to minimize a distance each assigned user needs to walk from the starting
point to the pick-up location, a rule to minimize a distance each assigned user needs to walk from the
drop-off location to the desired destination, and a rule to minimize the number of empty seats in the
ridesharing vehicle.

[0409] At step 2308, the processing device may assign the plurality of users to a common
ridesharing vehicle (e.g., ridesharing vehicle 2150). Consistent with the present disclosure, the processing
device is further configured to assign a user to the ridesharing vehicle based on at least some of the
following parameters: a location of the ridesharing vehicle, a driving direction of the ridesharing vehicle,
a driving route of the ridesharing vehicle, a number of passengers riding the ridesharing vehicle, a number
of users assigned to the ridesharing vehicle and scheduled to be picked up, the virtual bus stops that the
ridesharing vehicle is scheduled to stop, the desired destinations of all the users assigned to the
ridesharing vehicle, real time traffic data, the user’s starting point, the user’s desired destination, the
user’s personal preferences, and the type of service the user selected.

[0410] At step 2310, the processing device may use the stored plurality of rules to determine a
route for the ridesharing vehicle other than the fastest route. The determined route including a plurality of
pick-up and drop-off locations associated with the starting points and desired destinations of the plurality
of users. Consistent with the present disclosure, the processing device may select the determined route to
account for the rule for reducing backtracking. In one embodiment, applying the rule for reducing
backtracking means routing the ridesharing vehicle in a manner avoiding a trajectory opposite to an
average direction of the plurality of users’ desired destinations. For example, in some instances, the
system may avoid a trajectory of 120-180 degrees away from the user’s desired destination. In another
embodiment, applying the rule for reducing backtracking means routing the ridesharing vehicle in a
manner avoiding three consecutive left turns. In another embodiment, applying the rule for reducing
backtracking means routing the ridesharing vehicle in a manner avoiding three consecutive right turns. In
another embodiment, applying the rule for reducing backtracking means routing the ridesharing vehicle in
a manner reducing U-turns. In another embodiment, applying the rule for reducing backtracking means
routing the ridesharing vehicle in a manner reducing unnecessary navigation maneuvers. In another
embodiment, applying the rule for reducing backtracking may include routing the ridesharing vehicle in a
manner that takes into consideration a combination of duration and distance.

[0411] In some embodiments, the processing device may receive real time traffic data and may

calculate an expected travel-time change associated with users currently riding in the ridesharing vehicle
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when the ridesharing vehicle is directed along a route with backtracking as compared to a route with
reduced backtracking. In other words, the processing device may estimate how much time the passengers
will save if the ridesharing vehicle would take the driving route with backtracking. In one embodiment,
the expected travel-time change may be calculated separately for each of the users currently riding the
ridesharing vehicle. Alternatively, the expected travel-time change may be calculated collectively for the
users currently riding the ridesharing vehicle. Consistent with the present disclosure, the processing
device may be further configured to override the backtracking rule when the received traffic data is
indicative of at least one of street blockages and atypical congestion. For example, the traffic data may be
indicative of a road closure, a parade, an accident, a public safety incident, and an infrastructure repair.
Additionally, the processing device may be further configured to override the backtracking rule in
response to a received indication of imminent high demand for rides. Additionally, the processing device
may be further configured to override the backtracking rule when an expected travel-time change is
higher than a backtracking threshold. As described above, the value of the backtracking threshold may be
dynamic and may be determined based on at least one of a time of day and a type of users currently riding
the ridesharing vehicle (e.g., regular users, VIP users, students, and more).

[0412] At step 2312, the processing device may direct the ridesharing vehicle along the
determined route other than the fastest route in order to reduce backtracking. In the example above,
ridesharing vehicle 2150 may be directed via route 2162 and not 2160. However, as discussed above,
consistent with disclosed embodiments the processing device may be further configured to override the
backtracking rule. In one scenario, the processing device may determine an updated route along which to
direct the ridesharing vehicle, and to change at least one drop-off location of the plurality of users after
determining the updated route. In a similar scenario, the processing device may be further configured to
override the backtracking rule, determine an updated route along which to direct the ridesharing vehicle,
and to reassign a user scheduled to be picked up by the ridesharing vehicle to another ridesharing vehicle.
Typically, these scenarios happen when one of the parameter described above has changed. For example,
with reference to Figs. 21B and 21C, the following scenario may happen, processing device may receive
traffic information that an accident occurred on a particular street and that it would take 18 minutes to
drive from drop-off location 2152 to pick-up location 2156 using route 2162 (instead on 8 minutes).
Accordingly, the processing device may override the backtracking rule and either change at least one
drop-off location of the plurality of users after determining the updated route or reassign a user scheduled
to be picked up by the ridesharing vehicle to another ridesharing vehicle. In some embodiments, the
processing device may receive at least one additional ride request from at least one additional user and
change the determined route to pick-up at the least one additional user.

[0413] Route Planning Based on Environmental Conditions

[0414] In some embodiments, ridesharing management server 150 may receive a ride request
from, for example, user 130A sent through user device 120A. The ride request may include a starting
point and a desired destination of the user. When processing such rides requests in order to timely

navigate the user from the starting point to the desired destination, the system may need to take into
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account traffic or other environmental conditions. For example, existing systems may not be equipped to
determine an optimum route that avoids traffic or environmental conditions. Moreover, although existing
systems may provide a choice to a user of different route options, given the increasing frequency of
environmental disturbances, may nevertheless fail to provide real-time route planning based on traffic or
environmental conditions. Presently disclosed embodiments, on the other hand, address this technical
problem by providing route planning based on received user ride requests and detected or anticipated
environmental conditions.

[0415] For example, in one embodiment, ridesharing management server 150 may receive real
time traffic data, including information about at least one of street blockages and atypical congestion from
a plurality of driver devices (e.g., driver devices 120D and 120E) associated with drivers (e.g., drivers
130D and 130E) operating vehicles. Ridesharing management server 150 may be configured to send,
based on the real time traffic data, ride service assignments (e.g., including pick-up and drop-off location
information) to the plurality of driver devices associated with the drivers, and/or a driving-control device
(e.g., driving-control device120F) associated with an autonomous vehicle (e.g., autonomous vehicle
130F), to substantially avoid the street blockages and atypical congestion.

[0416] In some embodiments, ridesharing management server 150 may identify a change in the
area of traffic obstruction, based on detected traffic data and related environmental conditions, and may
send updated driving directions to a user, driver device and/or a driving-control device associated with an
autonomous vehicle to substantially avoid the area of traffic obstruction. Ridesharing management server
150 may determine an alternative pick-up location to accommodate the change in the area of traffic
obstruction. Ridesharing management server 150 may send to the user information about the alternative
pick-up location and update the driving directions to accommodate the change in the area of traffic
obstruction.

[0417] In some examples, ridesharing management server 150 may also predict an area that may
have traffic obstruction in the near future, based on traffic data and environmental conditions stored, for
example, in database 170, and may determine pick-up and drop-off locations and send corresponding
walking instructions to one or more users sending ride requests to ridesharing management server 150. A
user may then follow the walking instructions to move to a pick-up location that avoids the anticipated
traffic obstruction.

[0418] As discussed above, user devices 120A-120C, driver devices 120D and 120E, and
driving-control device 120F may respectively be installed with a user side ridesharing application, and a
corresponding driver side ridesharing application. Mobile communications device 200 may be installed
with the user side ridesharing application, and the corresponding driver side ridesharing application,
and/or other software to perform one or disclosed embodiments, such as on mobile communications
devices 120A-120F. Mobile communications device 200 may retrieve GPS/navigation instructions 268
from memory 250 and may facilitate GPS and navigation-related processes or routes associated with
drivers 130D and 130E in communication with ridesharing management server 150. Ridesharing

management server 150 may receive real time traffic data including any traffic obstruction in a vicinity of
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a user’s starting point, select a vehicle-for-hire to pick up the user, identify a pick-up location, send to
user 130A-C information about the pick-up location, and send to driver devices 120D and 120E
associated with drivers 130D and 130E, and driving-control device 120F driving directions to the pick-up
location, as described in greater detail below.

[0419] In some embodiments, ridesharing management server 150 may transmit information to
user device 120A-C, which may be, for example, a smartphone or tablet having a dedicated application
installed therein. A graphical user interface (GUI) including a plurality of user-adjustable feature user side
or driver-side ridesharing application settings may be included on a display of mobile communications
devices 120A-120C to visibly output information to one or more users 130A-C and drivers 130D and
130E.

[0420] Fig. 24 illustrates an exemplary embodiment of a memory 2400 containing software
modules consistent with the present disclosure. In particular, as shown, memory 2400 may include a data
capture module 2402, a traffic module 2404, a vehicle and pick-up location selection module 2406, a
transmission module 2408, a database access module 2410, and a database 2412. Modules 2402, 2404,
2406, 2408, and 2410 may contain software instructions for execution by at least one processing device,
e.g., processor 310, included with automated ridesharing dispatch system 300. Data capture module 2402,
traffic module 2404, vehicle and pick-up location selection module 2406, transmission module 2408,
database access module 2410, and database 2412 may cooperate to perform multiple operations. For
example, data capture module 2402 may receive a ride request from a user and receive indications of
current locations of the plurality of vehicles-for-hire. Traffic module 2404 may receive real time traffic
data and identify an existence of an area of traffic obstruction. Vehicle and pick-up location selection
module 2406 may select a vehicle-for-hire to pick up the user and identify a pick-up location.
Transmission module 2408 may send to the user, via a communications interface, information about the
pick-up location, and may send to the selected vehicle-for-hire, via a communications interface, driving
directions to the pick-up location. Database access module 2410 may interact with database 2412 which
may store any information associated with the functions of modules 2402-2408.

[0421] In some embodiments, memory 2400 may be included in, for example, memory 320
storing programs 330 including, for example, server app(s) 332, operating system 334, and data 340, and
a communications interface 360 discussed above. Alternatively or additionally, memory 2400 may be
stored in an external database 170 (which may also be internal to ridesharing management server 150) or
external storage communicatively coupled with ridesharing management server 150, such as one or more
database or memory accessible over network 140. Further, in other embodiments, the components of
memory 2400 may be distributed in more than one server.

[0422] In some embodiments, data capture module 2402 may receive a ride request from a user,
and the ride request may include a starting point and a desired destination. A starting point may refer to a
current location of the user, as input by the user through an input device of an associated user device, or
as determined by a location service application installed on the user device. In some embodiments, the

starting point may be a location different from the current location of the user, for example, a location
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where the user will subsequently arrive at (e.g., an entrance of a building after walking a predetermined
distance). A desired destination may refer to a location where the user requests to be taken to, including
for example, a drop off-point located at or near a particular destination point (e.g., an entrance ofa
different building). In some embodiments, data capture module 2402 may also receive from a plurality of
communication devices associated with a plurality of vehicles-for-hire indications of current locations of
the plurality of vehicles-for-hire. The current location of the plurality of vehicles-for-hire may be
determined by a location service application installed on a driver device, a driving-control device, or by a
location determination component in the ridesharing management system 100, which may be a part of or
separate from ridesharing management server 150.

[0423] In some embodiments, data capture module 2402 may also include software instructions
for categorizing data obtained by ridesharing management server 150 (and obtained from other servers
and/or user devices 120A-C over network 140) into a plurality of categories including, for example, ride
request route information and vehicle-for-hire locations. Data received may include audio and image data,
captured, by, for example, an image sensor or a microphone associated with vehicle-for-hires and a
plurality of user devices. Data received from ridesharing management server 150 may also include GPS
data and/or other user 130A-C or driver 130D-E device identifiers related to mobile communication
devices 120A-F. In some embodiments, image data, audio data, GPS data, and user 130A-C or driver
130D-E data may be preprocessed by data capture module 2402. Preprocessing may include, for example,
sorting, filtering, and or automatically storing or categorizing data relating to ride requests, route
information, and/or vehicle-for-hire locations in database 170.

[0424] In some embodiments, traffic module 2404 may include instructions configured to
receive historical and/or real time traffic data, including information about at least one of street blockages
and atypical congestion. Traffic data may include real-time traffic data regarding a certain geographical
region, and may be used to, for example, calculate estimate pick-up and drop-off times, and determine an
optimal route for a particular ride. Real-time traffic data may be received from a real-time traffic
monitoring system, which may be integrated in or independent from ridesharing management system 100.
Traffic module 2404 may determine real time traffic data information received ‘from the plurality of
communication devices associated with the plurality of vehicles-for-hire. In some embodiments, traffic
module 2404 may also identify an existence of an area of traffic obstruction in a vicinity of the user’s
starting point. Traffic obstructions may include a road closure, a parade, an accident, a public safety
incident, an infrastructure repair, a car accident, construction work, or any related environmental
condition, such as a fallen tree or powerline. The area of traffic obstruction may be a region where traftic
flow is slower than in an adjacent region. Other types of obstructions contemplated by one of ordinary
skill in the art are consistent with the disclosed embodiments.

[0425] In some embodiments, vehicle and pick-up location selection module 2406 may select a
vehicle-for-hire to pick up the user. For example, ride service parameters may be transmitted to
ridesharing management server 150 for processing the request and selecting an available vehicle-for-hire

based on the ride service parameters. Ride service parameters may include user preference parameters
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regarding a vehicle ridesharing service, for example, a maximum walking distance from a starting point to
a pick-up location, a maximum walking distance from a drop-off location to a desired destination, a total
maximum walking distance involved in a ride, a maximum number of subsequent pick-ups, maximum
delay of arrival/detour incurred by subsequent pick-ups during a ride, and a selection whether to permit
toll road usage during the ride, etc. Ridesharing management server 150 may further be configured to
receive user input from user devices (e.g., user devices 120A-120C) as to various ride service parameters
and may select a vehicle-for-hire to pick up the user, accordingly.

[0426] In some embodiments, vehicle and pick-up location selection module 2406 may also
identify a pick-up location, which may be remote from the user’s starting point, and peripheral to the area
of traffic obstruction. Vehicle and pick-up location selection module 2406 may select the pick-up
location such that a path from a current location of the selected vehicle-for-hire to the pick-up location
avoids the area of traffic obstruction. For examiole, a ride request may be associated with a maximum
walking distance (e.g., 300 meters) from a starting point to a pick-up location that is remote from the
user’s starting point, as discussed above. When selecting an available vehicle to pick up the user, vehicle
and pick-up location selection module 2406 may also include in the assignment an assigned pick-up
location within the maximum walking distance (e.g., 300 meters or less from the starting point).
Similarly, a ride request may be associated with a maximum walking distance (e.g., 500 meters) from a
drop-off location to a desired destination. When selecting an available vehicle to pick up the user, vehicle
and pick-up location selection module 2406 may also include in the assignment an assigned drop-off
location within the maximum walking distance (e.g., 500 meters or less from the desired destination). For
requests associated with a maximum total walking distance relative to both the pick-up location and the
drop-off location(e.g., a user is willing to walk up to a combined distance of one kilometer to both reach
the pick-up location and to reach a desired destination from the drop-off location), when assigning an
available vehicle to pick up the user, vehicle and pick-up location selection module 2406 may select an
assigned pick-up location and an assigned drop-off location accordingly (e.g., the combined distance
from the user’s starting point to the pick-up location and from the drop-off location to the desired
destination is equal to or less than one kilometer).

[0427] In some embodiments, transmission module 2408 may communicate, based on
instructions from vehicle and pick-up location selection module 2406, with ridesharing management
server 150 to send to the user, via a communications interface (e.g., communications interface 360),
information about the pick-up location. As discussed above, communications interface 360 may include a
modem, Ethernet card, or any other interface configured to exchange data with a network, such as
network 140 in Fig. 1. For example, ridesharing management server 150 may include software that, when
executed by a processor, provides communications with network 140 through communications interface
360 to one or more mobile communications devices 120A-F. In some embodiments, transmission module
2408 may also send to the selected vehicle-for-hire, via the communications interface, driving directions
to the pick-up location. The transmitted driving directions may substantially avoid an area of traffic or

other obstruction or environmental condition. In some embodiments, transmission module 2408 may
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further send to the user, via the communications interface, walking directions from the drop-off location
to the desired destination..

[0428] In some embodiments, transmission module 2408 may also communicate with
ridesharing management server 150 to send via a communications interface a first message to user device
120A to cause an indication of a calculated estimated pick-up time to appear on a display of user device
120A. Transmission module 2408 may also send a second message to user device 120A walking
directions from the drop-off location to the desired destination. Transmission module 2408 may further
send via a communications interface in a message to the selected vehicle-for-hire driving directions and
an estimated time of travel to the pick-up location. The messages may appear in different formats, for
example, a text message including an estimated pick-up time, an audio message, or a graphical image,
which may include text. Transmission module 2408 may also communicate confirmation messages and
notification and/or alerts based on detected changes in real-time traffic data. Transmission module 2408
may also transmit selected maps for mobile devices 120A-F in accordance with instructions determined
by vehicle and pick-up location selection module 2406.

[0429] In some embodiments, database access module 2410 may cooperate with database 2412
to retrieve map information, traffic data, environmental condition data, and/or any associated stored data
or metadata. For example, database access module 2410 may send a database query to database 2412
which may be associated with database 170. Database 2412 may include a map vector-based database or a
map raster-based database, and database access module 2410 may be configured to extract a map image
from a larger pre-assembled map image, which may be delivered to, for example, user device 120A-C or
driver device 120D-F for display. In some embodiments, instead of a vector-based or raster-based system,
a tile-based system may be implemented from database 2412. For example, database access module 2410
may instruct processor 310 to send a request for map data to an external map tile server, and mobile
devices 120A-F may receive a set of map tiles corresponding to a ride request. In other embodiments,
database access module 2410 may instruct a tile maker program module to divide raster images into a
plurality of discrete map tiles from a painter library or rich map engine library that is commercially
available. Database access module 2410 may instruct processor 310 to compile a received set of cut map
tiles in a grid, position the tile grid with respect to a clipping shape, and may output the grid as a single
map as part of a user or driver side ridesharing application displayed within a GUI or web browser of
mobile devices 120A-F. Database access module 2410 may select m'ap information in accordance with
GPS data and determined pick-up and drop-off locations specified by user 120A-C, vehicle-for-hire
driver 130D-E locations, and identified locations of traffic obstructions.

[0430] Database 2412 may be configured to store any type of information of use to modules
2402-2410, depending on implementation-specific considerations. For example, in embodiments in
which traffic module 2404 is configured to provide information about traffic conditions to the driver of a
vehicle-for-hire, database 2412 may also retrieve stored prior-collected information. Prior-collected
information may include ride request information from users and indications of locations of plurality of

vehicles-for-hire received from data capture module 2402. Prior-collected information may also include
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received real time traffic data and information providing a description of the nature, time, and/or date of
any traffic conditions and/or environmental conditions received from traffic module 2404. The
description may include words and/or images (e.g., photographs, icons, symbols, etc.) representing the
conditions. Tn some embodiments, database 2412 may store one or more images received from traffic
module 2402 that include traffic data including congestion and/or any environmental conditions. Prior-
collected information may also include pick-up locations received from vehicle and pick-up location
selection module 2406 or any transmitted information received from transmission module 2410.

[0431] In some embodiments, database 2412 may include separate databases, including, for
example, a vector database, raster database, tile database, viewport database, and/or a user input database,
configured to store data. The data stored in database 2412 may be received from modules 2402-2410,
ridesharing management server 150, from user devices 120A-F and/or may be provided as input ﬁsing
data entry, data transfer, or data uploading. The data stored in the database 2412 may represent multiple
data forms including, for example, general mapping and geographic information, latitude and longitude
(Lat/Lon) values, world coordinates, tile coordinates, pixel coordinates, Mercator and/or other map
projection data, user identifier data, driver identifier data, vehicle identifier data, device type data,
viewport data, device orientation data, user input data, geographical scale data, and a variety of other
electronic data. Database 2412 may also include, for example, street, city, state, and country data
including landmark identifiers and other related information. Database 2412 may also include search logs,
cookies, web pages, and/or social network content, etc.

[0432] Modules 2402-2410 may be implemented in software, hardware, firmware, a mix of any
of those, or the like. For example, if the modules are implemented in software, the modules may be
stored in a server (e.g., ridesharing management server 150) or distributed over a plurality of servers. In
some embodiments, any one or more of modules 2402-2410 and data associated with database 2412, may,
for example, be stored in processor 310 and/or located on ridesharing management server 150, which may
include one or more processing devices. Processing devices of ridesharing management server 150 may
be configured to execute the instructions of modules 2402-2410. In some embodiments, aspects of
modules 2402-2410 may include software, hardware, or firmware instructions (or a combination thereof)
executable by one or more processors, alone or in various combinations with each other. For example,
modules 2402-2410 may be configured to interact with each other and/or other modules of server 150
and/or a system 100 to perform functions consistent with disclosed embodiments.

[0433] Fig. 25 is a schematic illustration of an example of a map 2500 including map
information used for ridesharing purposes according to a disclosed embodiment. Map 2500 may include a
map implemented on user-side and/or drive-side ridesharing applications. In the example shown in Fig.
25, map 2500 includes a map of the city of Las Vegas including McCarran Airport, Las Vegas Blvd., and
Downtown Las Vegas. Map 2500 may include a user 2502 located, for example, on Las Vegas Blvd. near
McCarran Airport and a traffic obstruction 2504 located nearby on Las Vegas Blvd. prior to the
intersection of Flamingo Rd. Traffic obstruction 2504 may be representative of traffic-based

environmental conditions including, for example, construction work, traffic, and/or both. In some
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embodiments, other environmental conditions (not shown) such as at least one of a road closure, a parade,
an accident, a public safety incident, and an infrastructure repair may be included as icons or graphics
displayed on map 2500 as alternatives to or in addition to traffic obstruction 25 04. Further, although the
indication of the traffic obstruction shown in Fig. 25 is an icon, in some embodiments, in addition to the
icon or as an alternative to the icon, the indication of the traffic obstruction may include words describing
the traffic obstruction and/or images of the traffic obstruction.

[0434] Map 2500 may be displayed as part of a GUI visible on, for example, mobile devices
120A-F. In the example shown in Fig. 25, user 2502 may send a request for pick up at a present location
along Las Vegas Blvd. near McCarran Airport and may request to be dropped off at a requested
destination, such as on Las Vegas Blvd. at the intersection of Desert Inn Rd. Alternatively, as another
example, user 2502 may request to be dropped off at another destination, such as Downtown Las Vegas.
Consistent with the disclosure, different user pick-up points and different destination points may be
inputted by user 2052 operating user device 120A-C and sent to ridesharing management server 150. In
some embodiments, a plurality of vehicles for hire located in the vicinity of user 2502 may be displayed
and/or updated in real-time on map 2500. For example, map 2500 shows a vehicle 2508 located on
Sahara Ave. at the time user 2502 submits a ride request. In some embodiments, data related to distances
of one or more vehicles-for-hire to user 2502 and/or estimated times to reach user 2502 may be displayed
and/or updated in real-time on map 2500 according to preferences of user 2502. In addition, map 2500
may be zoomed-in or zoomed-out based on preferences of user 2502.

[0435] In some embodiments, map 2500 may identify a user location, allow a user to
subsequently identify a desired pick-up or drop-off point for ridesharing, and/or identify a traffic or
environmental condition in relation to the pick-up and drop off points so as to avoid the obstruction
during ridesharing. Additionally, map 2500 may include buttons (not shown) for user input to facilitate a
pick-up request based on a user’s location. For example, based on user 2502 selection of a button, a
prompt to a user may ask for permission to access the current GPS location of smartphone 120A. In
response to user approval enabling access to a current GPS location, processor 310 may then zoom the
displayed map 2500 image to fit the map data to the boundaries of smartphone 120A viewport, and/or
may surround the map data around an origin aligned with current geographic location of smartphone
120A. In some embodiments, selection of buttons may provide a dialogue box to a user to allow for entry
of text indicating a desired zip code (e.g., 88901) or a geographic area (e.g., Las Vegas,), or a current
location or landmark (e.g., McCarron Airport) and an intended destination address (e.g., Downtown Las
Vegas). Further, the user may then identify a desired pick-up and/or drop off point within the confines of
the displayed map 2500 image by making selections (e.g., selections made on a touch screen) and/or
through user input (e.g., spoken commands, text, etc.).

[0436] In some embodiments, at least one processor (e.g., processor 310) may be configured to
receive information from an external source, predict an area that will have traffic obstruction in the near
future, and use the predicted area in determining the pick-up location. For example, in some

embodiments, the viewport of smartphone 120A may be configured to implement maps from other
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sources available over the network or from another digital mapping software application. GUIs may
include display of a web browser including a search tool bar (not shown) configured to receive and
process search queries related to displayed map data received from an external source or other sources
available over the network. The search tool bar may allow for user 2502 to search for a displayed map
area for one or more landmarks (e.g., Caesar’s Palace), including but not limited to hotels, gas stations,
etc. In some embodiments, a scale may be displayed on map 2500 and may indicate distance between
streets and landmarks. In some embodiments, a request for map data may include a request based on a
selection of button to use the current location of smartphone 120A, as discussed above. The request for
map data may further include a request for at least one of a road map, satellite map, hybrid map, and
terrain type map formats.

[0437] As discussed above, selection module 2404 may determine one or more routes based on a
ride request, including preferred pick-up and drop-off locations, and detected traffic and/or environmental
conditions in the vicinity. For example, selection module 2404 may determine a direct route for
navigating vehicle 2508 to user 2502 by traveling on Sahara Ave. to Las Vegas Blvd, and proceeding to
McCarran Airport. However, when taking into account traffic obstruction 2504, consistent with disclosed
embodiments, ridesharing management sever 150 may instead determine a different pick-up point in
order to avoid traffic obstruction 2504.

[0438] For example, ridesharing management server 150 may determine a different pick-up
point completely remote from the user’s starting point, which in this example, may be peripheral to the
area of traffic obstruction 2504. In some embodiments, transmission module 2406 may instruct
ridesharing management server 150 to send to user 2502, via the GUI communications interface of map
2500, information about the pick-up location, which may be represented by icon 2506 (e.g., an “X”
marking the pick-up location) on map 2500. Icon 2506 designates a location that is within walking
distance to the current location of user 2502. As shown, the pick-up location at icon 2506 is past traffic
obstruction 2504. Walking instructions to the pick-up point may be provided. Ridesharing management
server 150 may also send driver instructions along route 2514 to avoid traftic so as to pick up user 2502
in a more expedited fashion. Further, as discussed earlier, ridesharing management server 150 may
determine the pick-up point taking into account a maximum walking distance according to a preference of
user 2502.

[0439] In some embodiments, vehicle and pick-up location selection module 2406 may select a
vehicle-for-hire in accordance with real time traffic data received at traffic module 2404. For example, if
a vehicle has a closest route to a desired destination, but has to back track to avoid a traffic or
environmental condition, vehicle and pick-up location selection module 2406 may instead select another
vehicle, and have it take a longer route. Alternatively, vehicle and pick-up location selection module 2406
may select a vehicle based on other service parameters, including for example, a maximum walking
distance from the starting point to a pick-up location, a maximum walking distance from a drop-off

location to a desired destination, a total maximum walking distance involved in a ride, a maximum
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number of subsequent pick-ups, maximum delay of arrival/detour incurred by subsequent pick-ups during
a ride, and a selection whether to permit toll road usage during the ride, as discussed above.

[0440] Fig. 26 is a flowchart of an example of a method 2600 for directing a vehicle-for-hire and
a prospective passenger to a remote pick-up location to avoid traffic congestion. Steps of method 2600
may be performed by one or more processors of ridesharing management server 150 and/or memory 320
and memory modules 2400. Further, as discussed earlier, although the following example is in the context
of traffic congestion, the disclosed embodiments may determine a pick-up location to avoid any traffic
and/or environmental condition.

[0441] At step 2610, data capture module 2402 may receive a ride request from a user 130A-C.
The ride request may include a starting point and a desired destination. For example, data capture module
2402 may receive a ride request from user 130A-C including a starting point (e.g., Las Vegas Blvd. at
McCarran Airport) and a desired destination (e.g., Downtown Las Vegas) and current GPS locations of a
plurality of vehicles-for-hire. Data received from ridesharing management server 150 may include GPS
data and/or other user 130A-C or driver 130D-E device identifiers related to mobile communication
devices 120A-F. In some embodiments, pick-up locations, drop-off locations, associated GPS data, and
user 130A-C or driver 130D-E data may be processed by data capture module 2402.

[0442] At step 2612, data capture module 2402 may receive current locations of vehicles of a
plurality of vehicles-for-hire. The current locations of the plurality of vehicles-for-hire may be determined
by a location service application installed on a driver device, a driving-control device, or by a location
determination component in the ridesharing management system 100, which may be a part of or separate
from ridesharing management server 1350.

[0443] At step 2614, traffic module 2404 may receive real-time traffic data and may identify an
area of traffic obstruction 2504. Traffic data may include real-time traffic data regarding a certain
geographical region, and may be used to, for example, calculate estimate pick-up and drop-off times, and
determine an optimal route for a particular ride. For example, real-time traffic data may be received from
a real-time traffic monitoring system, which may be integrated in or independent from ridesharing
management system 100. Based on detection of atypical congestion, traffic module 2404 may include
software instructions for receiving data indicative of an area of a traffic obstruction from ridesharing
management server 150.

In some embodiments, image data, audio data, GPS data, and/or user data may be processed and/or
analyzed by traffic module 2404 in order to identify the traffic obstruction.

[0444] At step 2616, vehicle and pick-up location selection module 2406 may select a vehicle-
for-hire to pick up the user. For example, ride service parameters may be transmitted to ridesharing
management server 150 for processing the request and selection of an available vehicle-for-hire based on
the ride service parameters, as discussed above. Ridesharing management server 150 may further be
configured to receive user input from user devices 120A-120C as to various ride service parameters and
may select a vehicle-for-hire to pick up the user according to the specified parameters. Ridesharing

management server 150 may communicate with devices associated with one or more of drivers 130D-E
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and a plurality of vehicle-for-hires across network 140, and may select a vehicle closest to the pick-up
point of the user and/or located on a route that avoids the traffic obstruction. Other parameters of vehicle
selection may be considered, including, for example, the location and availability of other vehicles-for-
hire in the'vicinity of the user, and including, for example, that other users may be simultaneously
sending pick-up requests in a location proximate to user. Additionally, in some embodiments, ridesharing
management server 150 may assign a plurality of users to concurrently share a vehicle-for-hire, and/or
may determine differing pick-up locations and differing drop-off locations for the plurality of users.

[0445] At step 2618, vehicle and pick-up location selection module 2406 may identify a pick-up
or drop-off location apart from the user’s starting point. For example, vehicle and pick-up location
selection module 2406 may identify a pick-up location that is remote from the user’s starting point and
peripheral to the area of the traffic obstruction. In some embodiments, a ride request may be associated
with a maximum walking distance (e.g., 300 meters, 500 meters, etc.) from a starting point to a pick-up
location that is remote from the user’s starting point, as discussed above. In some embodiments, a ride
request may be associated with a walking distance which is higher than maximum thresholds in case a
close point cannot be found due to one or more conditions of the congested area. The pick-up location
may or may not be inputted by the user or may be determined based on avoiding the traffic obstruction. In
some embodiments, the pick-up location may be selected in an area currently walkable from a determined
GPS position of the user’s current location when sending a request for pick-up. For example, vehicle and
pick-up location selection module 2406 may identify a pick-up location along a route that avoids the
traffic obstruction.

[0446] At step 2620, transmission module 2408 may send to the user information about the pick-
up location. For example, server 150 may transmit to user device 120A-C information relating to the
pick-up location which may be displayed as an icon on a map, as discussed above. As part of the
displayed information, walking directions to the pick-up location may be provided in visual, textual,
and/or audio form so that the user can easily find the pick-up point. Consistent with this disclosure,
transmission module 2408 may communicate with ridesharing management server 150 to send a first
message to a user device 120A-C to provide information about pick-up location to display of user device
120A-C. The message may appear in different formats, for example, a text message including the
estimated pick-up time, an audio message, or an image. Transmission module 2408 may communicate
confirmation messages and notification and/or alerts based on detected changes in real-time traffic data,
which may then change the pick-up and/or drop-off locations for the user to alternative locations. For
example, ridesharing management server 150 may send information about the pick-up location to the user
including walking directions to a location that is, for example, at least one block away from the user’s
starting point. Further, ridesharing management server 150 nay select the pick-up location and the driving
directions so that the user arrives at the pick-up location before arrival of the vehicle-for-hire.

[0447] At step 2622, transmission module 2408 may send to the selected vehicle-for-hire driving
directions to the pick-up-location. For example, ridesharing management server 150 may transmit to a

vehicle for hire using any number of electronic devices 120 information relating to the pick-up location.
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The information relating to the pick-up location may be displayed as an icon on a map, as discussed
above. As part of the displayed information, driving directions to the pick-up location may also be
provided in visual, textual, and/or audio form so that the driver may easily drive to the pick-up point.
Consistent with this disclosure, transmission module 2408 may be configured to send, based on real time
traffic data, ride service assignments (for example, including pick-up and drop-off location information)
to the plurality of driver devices 120D and 120E associated with drivers 130D and 130E and/or driving-
control device 120F, to substantially avoid the traffic obstruction.

[0448] Detecting the Number of Vehicle Passengers

[0449] In some embodiments, ridesharing management server 150 may receive ride request for a
plurality of users and schedule more than one user to share the same vehicle-for-hire. In some situations,
existing systems may encounter the technical problem of how to process the ride requests while taking
into vehicle occupancy levels in order to transport passengers without exceeding a capacity of a
ridesharing vehicle. For example, existing systems may have difficulty accurately detecting a changing
occupancy of a vehicle-for-hire as it travels from one location to another, at which passengers may enter
and/or exit. Some systems may provide different vehicle types to account for different occupancies, given
that the number of vehicle passengers may unpredictably change, but fail to provide real-time detection of
ridesharing vehicle passengers. Presently disclosed embodiments, on the other hand, address this problem
by providing capacity information to a server based on detected sensor information.

[0450] For example, in some embodiments, ridesharing management server 150 may
receive from at least one sensor associated with ridesharing vehicles operated by drivers 130D and 130E,
and/or driving-control device 120F, information indicative of a current number of passengers or users
130A-130C in the ridesharing vehicles. Ridesharing management server 150 may then determine
whether to assign additional users to the ridesharing vehicles based on the received information from the
sensor and capacity thresholds associated with the ridesharing vehicles.

[0451] In some embodiments, ridesharing management server 150 may compare the sensor data
associated with a ridesharing vehicle with a capacity threshold of the ridesharing vehicle, and may
determine whether a number of actual passengers within the ridesharing vehicle exceeds a capacity
threshold of the ridesharing vehicle. If, based on at least the sensor data, the number of detected
passengers exceeds the capacity threshold of the ridesharing vehicle, ridesharing management server 150
may reassign one or more subsequent passengers. In some embodiments, a threshold block that prevents
assignment of the additional users to the ridesharing vehicle when the ridesharing vehicle’s current
utilized capacity is above a threshold being less than the ridesharing vehicle’s capacity threshold may also
be implemented.

[0452] In some embodiments, ridesharing management server 150 may determine a discrepancy
between an actual number of passengers entering a ridesharing vehicle at a specific pick-up location and
the number of passengers expected to enter the ridesharing vehicle at a specific pick-up location, and may
inform ridesharing management server 150 of the discrepancy, thereby causing a change in the route of

the ridesharing vehicle.
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[0453] As discussed above, user devices 120A-120C, driver devices 120D and 120E, and/or
driving-control device 120F may respectively be installed with a user side ridesharing application, and a
corresponding driver side ridesharing application. Mobile communications device 200 may be installed
with a user side ridesharing application, and a corresponding driver side ridesharing application, and/or
other software to perform one or disclosed embodiments described in the present disclosure, such as on
mobile communications devices 120A-120F. Mobile communications device 200 may retrieve
GPS/navigation instructions 268 from memory 250 and may facilitate GPS and navigation-related
processes or routes associated with drivers 130D and 130E in communication with ridesharing
management server 150. Ridesharing management server 150 may receive a ride request from one or
more users 130A-130C, may receive data from sensors including a number of passengers currently
located in or expected to occupy a ridesharing vehicle, and may take an action, such reassigning
passengers or changing a vehicle route, based on a comparison between the actual number of passengers
detected and the vehicle occupancy, as described in greater detail below.

[0454] In some embodiments, ridesharing management server 150 may transmit information to
user device 120A-C, which may be, for example, a smartphone or tablet having a dedicated application
installed therein. A graphical user interface (GUI) including a plurality of user-adjustable feature user side
or driver side ridesharing application settings may be included on a display of mobile communications
devices 120A-120C to visibly output information to one or more users130A-C and/or drivers 130D and
130E in relation to anticipated or detected vehicle occupancy.

[0455] Fig. 27 illustrates an exemplary embodiment of a memory 2700 containing software
modules consistent with the present disclosure. In particular, as shown, memory 2700 may include a ride
request module 2702, a route module 2704, a detection and assignment module 2706, a transmission
module 2708, a database access module 2710, and a database 2712. Modules 2702, 2704, 2706, 2708, and
2710 may contain software instructions for execution by at least one processing device (e.g., processor
310), included with automated ridesharing dispatch system 300. Ride request module 2702, route module
2704, detection and assignment module 2706, transmission module 2708, database access module 2710,
and database 2712 may cooperate to perform multiple operations. For example, ride request module 2702
may include a communications interface configured to electronically receive ride requests from a plurality
of users, may access memory, and may process the received ride requests. Route module 2704 may
determine a route for the ridesharing vehicle. Detection and assignment module 2706 may receive
information indicative of a current number of passengers in the ridesharing vehicle, and may determine
whether to assign additional users to the ridesharing vehicle. Transmission module 2708 may send
instructions to pick up and drop off users based on an assignment from detection and assignment module
2706. Database access module 2710 may interact with database 2712 which may store any information
associated with the functions of modules 2702-2708.

[0456] In some embodiments, memory 2700 may be included in, for example, memory 320
storing programs 330 including, for example, server app(s) 332, operating system 334, and data 340, and

a communications interface 360, discussed above. Alternatively or additionally, memory 2700 may be
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stored in an external database 170 (which can also be internal to ridesharing management server 150) or
external storage communicatively coupled with ridesharing management server 150 (not shown), such as
one or more database or memory accessible over network 140. Further, in other embodiments, the
components of memory 2700 may be distributed in more than one server.

[0457] In some embodiments, ride request module 2702 may receive, via a communications
interface, ride requests from a plurality of users. As discussed above, the communications interface (e.g.,
communications interface 360) may include a modem, Ethernet card, or any other interface configured to
exchange data with a network, such as network 140. Communications interface 360 may receive ride
requests from a plurality of users 130A-C, and ride requests may include multiple pick-up and drop-off
locations, and may be initiated from a user side ridesharing application on one or more user devices
120A-C.

[0458] In some embodiments, ride request module 2702 may also access memory 320 to store a
capacity threshold for each of a plurality of ridesharing vehicles. The capacity threshold may include a
total available number of seats present in a ridesharing vehicle. Alternatively, the capacity threshold may
include a total amount of volumetric space available to accommodate a plurality of passengers in a
ridesharing vehicle. In some embodiments, ride request module 2702 may process the ride requests
received from the communications interface and assign to a ridesharing vehicle the plurality of users for
pick up at a plurality of differing pick-up locations and for delivery to a plurality of differing drop-off
locations. Ride request module 2702 may also receive software instructions for clustering a plurality of
users to a single ridesharing vehicle based on a common pick-up point or a common drop-off point. Data
received from ridesharing management server 150 may include GPS data indicating a location of a
plurality of users, user devices 120A-C including user identifier data, and vehicle-for hire data indicating
a plurality of vehicle-for-hire available for ridesharing. Data received from ridesharing management
server 150 may also include a stored threshold capacity of each of a plurality of vehicles-for-hire.

[0459] In some embodiments, route module 2704 may determine, based on processed ride
requests from ride request module 2702, a route for the ridesharing vehicle. For example, route module
2704 may determine an optimal route for a particular ride based on the number of differing pick-up
locations and differing drop-off locations, and based on map information and environmental conditions,
including for example, traffic or congestion. Route module 2704 may also calculate potential routes and
guide users to a pick-off or drop-off location based on the received and processed ride requests. Route
module 2704 may also utilize GPS/navigation instructions 268 to facilitate GPS and navigation-related
processes and instructions and plan an optimum route for a plurality of passengers occupying a single
ridesharing vehicle.

[0460] In some embodiments, detection and assignment module 2706 may receive from at least
one sensor within the ridesharing vehicle, information indicative of a current number of passengers in the
ridesharing vehicle. For example, detection and assignment module 2706 may detect, based on received
sensor information, a current number of passengers positioned in each of the ridesharing vehicles, and

may determine whether a number of identified passengers exceeds a stored threshold or capacity for a
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particular vehicle. Detection and assignment module 2706 may also determine whether to assign
additional users to a particular ridesharing vehicle based on the received information from sensors and the
capacity threshold associated with the ridesharing vehicle. Detection and assignment module 2706 may
also determine whether to assign existing passengers to another ridesharing vehicle.

[0461] In some embodiments, detection and assignment module 2706 may detect a discrepancy
between an actual and an expected number of passengers entering a particular ridesharing vehicle.
Detection and assignment module 2706 may also calculate a difference and, based on the difference,
change a route based on route module 2704 instructions of a particular vehicle so to allow for or prevent
pick-up of additional passengers. For example, a route of a particular vehicle may be extended to allow
for pick-up of additional passengers when an actual number of passengers entering a vehicle detected by
detection and assignment module 2706 is less than an expected number. Conversely, a route of a
particular vehicle may be shortened to prevent pick-up of additional passengers when an actual number of
passengers entering a vehicle detected by detection and assignment module 2706 exceeds an expected
number. Other route variations and changes to allow for passenger drop-off may also be contemplated.

[0462] In some embodiments, detection and assignment module 2706 may receive information
from a plurality of sensors to detect vehicle occupancy and entry of passengers into a ridesharing vehicle.
For example, detection and assignment module 2706 may receive from ridesharing management server
150 audio and image data, captured by, for example, an image sensor or a microphone associated with a
ridesharing vehicle. Image and audio data may be used to determine an actual number of vehicle
occupants and may be configured to detect the current number of passengers in the ridesharing vehicle. In
some embodiments, the ridesharing vehicle may include one or more a plurality of sensors that may also
include LIDAR, proximity sensors, seat pressure sensors, thermal sensors, and/or other sensors to collect
information related to vehicle occupancy. Detection and assignment module 2706 may receive detected
information from each sensor placed internally or externally to a ridesharing vehicle and may determine
vehicle occupancy based on any combination of sensor information. Detection and assignment module
2706 may then make a vehicle assignment corresponding to the detected vehicle occupancy.

[0463] In some embodiments, transmission module 2708 may communicate, based on
assignment instructions from detection and assignment module 2706, to ridesharing management server
150 a message to pick up and drop off users. For example, transmission module 2708 may communicate
pick-up and drop-off locations. In some examples, transmission module 2708 may communicate with
ridesharing management server 150 to send a first message to a user device 120A to cause an indication
of a calculated estimated pick-up time to appear on a display of user device 120A. The message may
appear in different formats, for example, a text message including the estimated pick-up time, an audio
message, or an image. Transmission module 2708 may communicate confirmation messages and
notification and/or alerts based on detected changes vehicle assignment so that users can be notified that
they are assigned to a different ridesharing vehicle. Transmission module 2708 may also transmit selected
vehicle assignment and reassignment instructions for mobile devices 120A-C in accordance with

detection and assignment module 2706 instructions.
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[0464] In some embodiments, database access module 2710 may cooperate with database 2712
to retrieve information. Database 2712 may be configured to store any type of information of use to
modules 2702-2710, depending on implementation-specific considerations. For example, in
embodiments in which database access module 2710 is configured to provide a recommendation to add
users, remove users (based on detection and assignment module 2706), and/or reroute a vehicle (based on
route module 2704 and) based on a detected discrepancy amongst a number of vehicle passengers,
database access module 2710 may retrieve prior-collected vehicle or map information from database 2712
in order to reassign passengers or change the route of a ridesharing vehicle (or request re-assignment of at
least one of the plurality of users scheduled to be picked up by the ridesharing vehicle to a different
ridesharing vehicle). The change in route may also include a change in pick-up or drop-off location.
Further, database 2712 may store metadata associated with pick-up or drop-offs (based on ride request
module 2702). In some embodiments, database 2712 may store one or more images of the plurality of
captured images and/or receive sensor data from a plurality of sensors.

[0465] Modules 2702-2710 may be implemented in software, hardware, firmware, a mix of any
of those, or the like. For example, if the modules are implemented in software, they may be stored in a
server or one or more servers. However, in some embodiments, any one or more of modules 2702-2710
and data associated with database 2712, may, for example, be stored in processor 310 and/or located on
ridesharing management server 150, which may include one or more processing devices. Processing
devices of ridesharing management server 150 may be configured to execute the instructions of modules
2702-2710. In some embodiments, aspects of modules 2702-2710 may include software, hardware, or
firmware instructions (or a combination thereof) executable by one or more processors, alone or in
various combinations with each other. For example, modules 2702-2710 may be configured to interact
with each other and/or other modules of ridesharing management server 150 and/or a system 100 to
perform functions consistent with disclosed embodiments.

[0466] Fig. 28A is a schematic illustration of an example of an interior of a vehicle 2800 used
for ridesharing purposes according to a disclosed embodiment. Vehicle 2800 may include a plurality of
seats to accommodate multiple vehicle passengers. One vehicle passenger may be the driver. In some
embodiments, vehicle 2800 may include an autonomous driving vehicle (e.g., autonomous vehicle 130F)
without a driver and/or seat designated for a driver. The interior of a vehicle 2800 may include a plurality
of sensors 2082 and 2084 to detect a current vehicle occupancy level. For example, sensors 2802 and
2084 may include one or more imaging and/or proximity sensors. Interior of vehicle 2800 may also
include specific sensors 2802a-d corresponding to each of the plurality of seats. For example, sensors
2802a-d may include pressure sensors or thermal sensors that are activated when a passenger sits down
and occupies a seat. Other types of sensors are contemplated. As shown in Fig. 28A, vehicle 2800 is
empty and does not include any passengers. Accordingly, sensors 2082, 2084, and 2802a-d may
communicate to server 150 a state that no vehicle passengers are detected.

[0467] In some embodiments, the plurality of sensors 2802a-d equipped with each seat may

include weight sensors, thermometers to measure body temperatures, or may include seat belt sensors.
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The seat belt sensors (not shown) may include sensors located on seat belt buckles provided for each seat
in the vehicle. The seat belt sensors may determine whether a seat belt is fastened or unfastened to detect
if a passenger seat is occupied. In some examples, cameras may be mounted on each seat or each
headrest, and heart pulse sensors, electric field sensors, or other biometric sensors may be positioned on
each seat to determine individual seat occupancy. Detection and assignment module 2706 may aggregate
information for each seat including signals of detection and non-detection to calculate a number of
ridesharing occupants.

[0468] Fig. 28B is a schematic illustration of an example of an interior of a vehicle used for
ridesharing purposes according to a disclosed embodiment. As shown in Fig. 28B, vehicle 2800 includes
four passengers 2812a-d positioned in the interior of the vehicle and each occupying an individual seat.
Sensors 2802, 2084, and/or 2082a-d may communicate detection of each the four passengers 2812a-d to
ridesharing management server 150. Although the example shown includes four passenger seats in an
autonomous vehicle, as discussed earlier, in some embodiments, a driver may instead occupy one of the
seats. Further, any appropriate number of passenger seats (e.g., 1, 2,3, 4, 5, etc.) and/or seat
configurations (e.g., additional or fewer seats and/or additional fewer rows of seats) are consistent with
the disclosed embodiments.

[0469] In some embodiments, sensors 2802 and 2084 may be configured to be positioned at the
exterior of the vehicle in order to detect vehicle passengers in the proximity of and entering vehicle 2800.
Such a detection may inform ridesharing management server 150 of an anticipated number of vehicle
passengers 2812a-d that may enter vehicle 2800. Detection and assignment module 2706 may also
determine an actual number of users entering the ridesharing vehicle by communicating with mobile
devices of the users. A short-range transceiver configured to determine an actual number of users entering
the ridesharing vehicle by communicating with mobile devices of the users may also be contemplated.
Detection and assignment module 2706 may also compare the detection of vehicle passengers 2812a-d
external and internal to the vehicle to identify any discrepancies and change a route or vehicle 2800
trajectory. Consistent with this disclosure, detection and assignment module 2706 may aggregate
information for each seat 2802a-d including signals of detection and non-detection to calculate a number
of ridesharing passengers 2812a-d. As shown in Fig. 28B, each of passengers 2812a-d may also have
mobile devices. Detection of the mobile devices corresponding to each of vehicle passengers 2812a-d
may be contemplated as a means to detect vehicle 2800 occupancy. For example, the radio-frequency
(RF) signals emitted by electrically powered mobile radio-emitting devices such as smartphones phones
or similar personal wearable communication devices may be detected by a sensor included in vehicle
2800. In some embodiments, a sensor, such as an image sensor associated with a mobile communications
device within the ridesharing vehicle, may be configured (e.g., via software instructions including in a
ride sharing application) to detect the current number of passengers in the ridesharing vehicle and to
transmit the detected number to, for example, ridesharing management server 150.

[0470] In some embodiments, each passenger may not be directly positioned in each seat. For

example, in some cases, vehicle passengers may be standing, sharing a seat, sitting on another’s lap, or
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otherwise not confined to a seat. In such éxamples, other means of detection are contemplated. For
example, a LIDAR system implemented either internal or external to vehicle 2800 may calculate distance
and/or locatioh data of passengers 2812a-d to determine occupancy. LIDAR systems may include a
transmitter and a receiver emitting light pulses internal to or through windows of vehicle 2800 to gather
distance data for passengers 2812a-d located internal to vehicle 2800. LIDAR wavelengths may include
infrared, near-infrared, or ultraviolet wavelengths, and may include periodic or continuous pulses. In
some embodiments, the LIDAR system may emit light pulses that reflect on seats, headrests, a dashboard,
steering wheel, and passengers. Captured distance information based on reflected light may indicate an
existence of absence of passengers inside vehicle 2800 or external to vehicle 2800, and detection and
assignment module 2706 may incorporate this detected information to identify occupancy and make a
passenger assignment.

[0471] In some embodiments, an occupant can be identified based a point cloud image. For
example, a LIDAR system may obtain a point cloud image, and detection and assignment module 2706
may compare the point cloud image to a default template including a silhouette of at least one passenger
positioned internal to a vehicle to determine whether the point cloud image identifies a vehicle passenger.
If there is a match or a substantially close match between the template and the point cloud image, then a
passenger is determined to be inside vehicle 2800. Alternatively, if there is no match between a point
cloud image and a template, then no passenger is determined to be within vehicle 2800.

[0472] In some embodiments, a three-dimensional image volume in conjunction with a
volumetric threshold may be determined and computed to determine the occupancy of vehicle 2800. For
example, an average volume for each of seats 2802a-d and a corresponding volume for a typical vehicle
passenger 2812a-d may be determined. When one or more volumes exceed a predetermined threshold, a
plurality of vehicle passengers 2812a-d may be detected in vehicle 2800. When one or more volumes fall
below a predetermined threshold or threshold blocks, one or more passengers 2812a-d may not be in
vehicle 2800. Alternately, a series of volumetric ranges may be contemplated and correspond to a
particular number of passengers 2812a-d. For example, a low volume range may only indicate a single
vehicle passenger 2812a-d, whereas a high volume range may include three or four vehicle passengers
2812a-d.

[0473] In some embodiments, detection may be temporal in nature. For example occupancy
detection may begin when a driver begins or stops driving. If a detected vehicle speed is almost zero (e.g.,
vehicle 2800 is stationary), then a vehicle occupancy may not be detected. However, when a vehicle
speed is detected at a value greater than zero (e.g., vehicle 2800 is in motion), then a vehicle occupancy
may be detected. Such temporal detection constraints may enable detection and assignment module 2706
to eliminate false detection results when passengers are moving in and out of vehicle before a ride starts.

[0474] Fig. 29A is a flowchart of an example of a method 2900 for automatically dispatching
ridesharing vehicles. Steps of method 2900 may be performed by one or more processors of server 150
and/or memory 320 and memory modules 2700, which may receive data from one or more user devices

and one or more sensors.
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[0475] At step 2902, ride request module 2702 may electronically receive ride requests from a
communications interface (e.g., communications interface 360) from a plurality of users. Ride requests
may indicate a plurality of differing pick-up and drop-off locations from the plurality of users. The
plurality of users may send ride requests from multiple user devices 120A-C. Ride request module 2702
may include software instructions for receiving data from ridesharing management server 150, and may
include software instructions for receiving ride requests from a user side ridesharing application installed
on each of the multiple user devices 120A-C. In some embodiments, ride request module 2702 may also
access memory 320 to retrieve a stored capacity threshold for each of a plurality of ridesharing vehicles in
response to electronically receiving ride requests from the plurality of users.

[0476] At step 2904, ride request module 2702 may process the ride requests received from the
communications interface and assign to a single ridesharing vehicle the plurality of users for pick up at a
plurality of differing pick-up locations and for delivery to a plurality of differing drop-off locations. Ride
request module 2702 may also receive software instructions for clustering a plurality of users to a single
ridesharing vehicle based on a common pick-up point or a common drop-off point. Data received from

ridesharing management server 150 may include GPS data indicating a location of a plurality of users,

"user devices 120A-C including user identifier data, and vehicle-for hire data indicating a plurality of

vehicle-for-hire available for ridesharing. Data received from ridesharing management server 150 may
also include a stored capacity threshold for each of a plurality of ridesharing vehicles.

[0477] At step 2906, route module 2704 may determine, based on the processed ride requests, an
optimum route for the ridesharing vehicle. As discussed above, route module 2704 may also calculate
potential routes and guide users to a pick-off or drop-off location based on the received and processed
ride requests. Route module 2704 may also use GPS/navigation instructions 268 to facilitate GPS and
navigation-related processes and instructions and plan an optimum route for picking up and dropping off
a plurality of passengers occupying a single ridesharing vehicle.

[0478] At step 2908, detection and assignment module 2706 may receive from at least one
sensor within the ridesharing vehicle, information indicative of a current number of passengers in the
ridesharing vehicle. For example, detection and assignment module 2706 may detect a current number of
passengers positioned in each of the ridesharing vehicles, and may determine whether a number of
identified users exceeds a stored threshold or capacity for a particular vehicle. This information may be
stored in database 2712. In some embodiments, this information may be based on one or more sensors
(e.g., sensors 2802a-d, 2802, and 2804). As discussed earlier, the sensors may be proximity sensors,
pressure sensors, thermal sensors, image sensors, audio sensors, LIDAR-based sensors, or any other
detection mechanism. Sensor data may be transmitted to server 150 and may be compared to occupancy
data in database 2712.

[0479] At step 2910, detection and assignment module 2706 may determine whether to assign
additional users to the ridesharing vehicle. In some embodiments, detection and assignment module 2706
may compare the sensor data from the particular vehicle with the capacity threshold of the particular

vehicle and may determine whether to assign existing passengers to another ridesharing vehicle based on
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this comparison. For example, if the detected number of passengers is the same as the capacity threshold,
as shown in Fig. 28B, then no additional users will be assigned to the ridesharing vehicle. Conversely, if
the detected number of passengers is less than the capacity threshold, then additional users may be
assigned to the ridesharing vehicle. Transmission module 2708 may communicate that additional users
may be assigned to a ridesharing vehicle.

[0480] Fig. 29B is a flowchart of an example of another method 2920 for automatically
dispatching ridesharing vehicles. Steps of method 2920 may be performed by one or more processors of
server 150 and/or memory 320 and memory modules 2700, which may receive data from one or more
user devices and one or more sensors.

[0481] At step 2922, ride request module 2702 may store a capacity threshold for each of a
plurality of ridesharing vehicles. As discussed earlier, the capacity threshold may include a total available
number of seats present in a ridesharing vehicle, as shown in Fig. 28A. Alternatively, the capacity
threshold may include a total amount of volumetric space available to accommodate a plurality of
passengers in a ridesharing vehicle. For example, a capacity threshold may include 4 seats, such as seats
2802a-d shown in Fig. 28A.

[0482] At step 2924, ride request module 2702 may receive ride requests from a plurality of
users. As discussed earlier at step 2902, ride request module 2702 may electronically receive ride requests
from a communications interface 360 from a plurality of users. Ride requests may indicate a plurality of
differing pick-up and drop-off locations from the plurality of users. Ride request module 2702 may
include software instructions for receiving data from ridesharing management server 150, and may
include software instructions for receiving ride requests from a user side ridesharing application installed
on each of the multiple user devices 120A-C. As shown in Fig. 28B, passengers 2812a-d may supply ride
requests to ride request module 2702, and are occupying vehicle 2800.

[0483] At step 2926, ride request module 2702 may process the ride requests received from the
communications interface and assign to a single ridesharing vehicle the plurality of users for pick up at a
plurality of differing pick-up locations and for delivery to a plurality of differing drop-off locations, as
discussed earlier in step 2904. As shown in Fig. 28B, passengers 2812a-d were assigned to share a single
ridesharing vehicle 2800. Processed data received from ridesharing management server 150 may include
GPS data indicating a location of a plurality of users, user devices 120A-C including user identifier data,
and vehicle-for hire data indicating a plurality of vehicle-for-hire available for ridesharing to enable ride
request module 2702 to assign a ridesharing vehicle.

[0484] At step 2928, route module 2704 may determine, based on processed ride requests from
ride request module 2702, an optimum route for the ridesharing vehicle. As discussed earlier in step 2906,
route module 2704 may also use GPS/navigation instructions 268 to facilitate GPS and navigation-related
processes and instructions and plan an optimum route for a plurality of passengers occupying a single
ridesharing vehicle.

[0485] At step 2930, detection and assignment module 2706 may receive information indicative

of a current number of passengers in the ridesharing vehicle. As discussed earlier in step 2908, detection
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and assignment module 2706 receive from at least one sensor within the ridesharing vehicle, information
indicative of a current number of passengers in the ridesharing vehicle. In some embodiments, the at least
one sensor may include LIDAR, proximity sensors, pressure sensors, thermal sensors, and/or other
sensors to collect information related to vehicle occupancy.

[0486] At step 2932, detection and assignment module 2706 may compare sensor data from a
particular vehicle with the capacity threshold data from the particular vehicle. Detection and assignment
module 2706 and ridesharing management server 150 may compare the sensor data associated with
ridesharing vehicles operated by drivers 130D and 130E, and driving-control device 120F with the
capacity threshold of the ridesharing vehicles. Sensor data may be transmitted to server 150 and may be
compared to occupancy data in database 2710.

[0487] At step 2934, detection and assignment module 2706 may determine whether an actual
number of users within the particular vehicle exceeds a number of users assigned to the particular vehicle.
Detection and assignment module 2704 may detect a current number of passengers positioned in each of
the ridesharing vehicles, and may determine whether a number of identified users exceeds a stored
threshold or capacity for a particular vehicle. This information may be stored in database 2710, and may
be retrieved to formulate the comparison.

[0488] At step 2936, if the number of users within the particular vehicle exceeds the number of
users assigned to the particular vehicle, detection assignment module 2706 may reassign one or more
users to another ridesharing vehicle. Detection assignment module 2706 may communicate with database
access module 2710 to retrieve prior-collected vehicle or map information from database 2712 in order to
reassign passengers or change the route of a ridesharing vehicle. Transmission module 2708 may
communicate the reassignment. For example, if the detected number of passengers is exceeds the capacity
threshold, which is met as shown in Fig. 28B, then additional users will be assigned to another
ridesharing vehicle. Conversely, if the detected number of passengers does not exceed the capacity
threshold, then additional users may not be assigneci to another ridesharing vehicle.

[0489] Fig. 29C is a flowchart of an example of a method 2940 for changing a route for an
autonomous ridesharing vehicle. Steps of method 2940 may be performed by one or more processors of
server 150 and/or memory 320 and memory modules 2700, which may receive data from one or more
user devices and one or more Sensors.

[0490] At step 2942, ride request module 2702 may receive a desired route according to
instructions from route module 2704 and based on a plurality of pick-up locations and a plurality of drop-
off locations for delivering the users. The route may include a plurality of pick-up locations for picking
up users, a number of the users expected to enter the ridesharing vehicle at each pick-up location, and a
plurality of drop-off locations for delivering the users. As discussed earlier, route module 2704 may also
determine, based on the received route from ride request module 2702, an optimum route for the
ridesharing vehicle.

[0491] At step 2944, detection and assignment module 2706 may determine a discrepancy

between an actual and expected number of passengers entering a ridesharing vehicle. For example,
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detection and assignment module 2706 may determine a discrepancy between an actual number of
passengers entering the ridesharing vehicle at a specific pick-up location and the number of users
expected to enter the ridesharing vehicle at the specific pick-up location. Detection and assignment
module 2704 may then calculate a difference based on received sensor information from a plurality of
sensors, discussed above. Different sensors may be utilized to make the detection of an actual number of
passengers entering a ridesharing vehicle at different pick-up locations.

[0492] At step 2946, route module 2704 may change a route, based on the determined
discrepancy, for the ridesharing vehicle. For example, route module 2704 may change a route so as to
allow for or prevent pick-up of additional passengers. For example, a route of a particular vehicle may be
extended to allow for pick-up of additional passengers when an actual number of passengers entering a
vehicle is less than an expected number. Conversely, a route of a particular vehicle may be shortened to
prevent pick-up of additional passengers when an actual number of passengers entering a vehicle exceeds
an expected number. Other route variations and changes to allow for passenger pick-up and drop-off may
also be contemplated, and may be implemented in real-time based on dynamic usage of user side
ridesharing applications implemented on user devices 120A-C. Transmission module 2708 may
communicate the change in route to vehicle passengers.

[0493] The foregoing description has been presented for purposes of illustration. It is not
exhaustive and is not limited to the precise forms or embodiments disclosed. Modifications and
adaptations will be apparent to those skilled in the art from consideration of the specification and practice
of the disclosed embodiments. Additionally, although aspects of the disclosed embodiments are described
as being stored in memory, one skilled in the art will appreciate that these aspects can also be stored on
other types of computer readable media, such as secondary storage devices, .g., hard disks or CD ROM,
or other forms of RAM or ROM, USB media, DVD, Blu-ray, Ultra HD Blu-ray, or other optical drive
media.

[0494] Computer programs based on the written description and disclosed methods are within
the skills of an experienced developer. The various programs or program modules can be created using
any of the techniques known to one skilled in the art or can be designed in connection with existing
software. For example, program sections or program modules can be designed in or by means of .Net
Framework, .Net Compact Framework (and related languages, such as Visual Basic, C, etc.), Java, C++,
Objective-C, HTML, HTML/AJAX combinations, XML, or HTML with included Java applets.

[0495] Moreover, while illustrative embodiments have been described herein, the scope of any
and all embodiments having equivalent elements, modifications, omissions, combinations (e.g., of aspects
across various embodiments), adaptations and/or alterations as would be appreciated by those skilled in
the art based on the present disclosure. The examples are to be construed as non-exclusive. Furthermore,
the steps of the disclosed methods may be modified in any manner, including by reordering steps and/or
inserting or deleting steps. It is intended, therefore, that the specification and examples be considered as

illustrative only.
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WHAT IS CLAIMED IS:

1. A system for managing a fleet of ridesharing vehicles, the system comprising:

a communications interface configured to receive requests for shared rides from a plurality of
users;
memory configured to store indications of passenger-capacity for specific ridesharing vehicles in
the fleet;
at least one processor configured to receive information from the communications interface,
access the memory, and:
assign, to ridesharing vehicles already transporting users, additional users for
simultaneous transportation in the ridesharing vehicles;
track a current utilized capacity of each specific ridesharing vehicle; and
implement a threshold block that prevents assignment of additional users to a ridesharing
vehicle when the ridesharing vehicle’s current utilized capacity is above a threshold being less than the
ridesharing vehicle’s passenger-capacity.
2. The system of claim 1, wherein the at least one processor is further configured to implement the
threshold block to prevent at least 20% of the specific vehicle’s capacity from being utilized.
3. The system of claim 1, wherein the memory is further configured to store information about the
ridesharing vehicle.
4. The system of claim 1, wherein the at least one processor is further configured to determine a value for
the threshold based on information stored in the memory, the value is specific to each ridesharing vehicle.
5. The system of claim 4, wherein the determined value for a specific ridesharing vehicle is one seat less
than the passenger-capacity of the specific ridesharing vehicle.
6. The system of claim 4, wherein the determined value for a specific ridesharing vehicle is two seats less
than the passenger-capacity of the specific ridesharing vehicle.
7. The system of claim 4, wherein the determined value for a specific ridesharing vehicle is three seats
less than the passenger-capacity of the specific ridesharing vehicle.
8. The system of claim 1, wherein when a specific ridesharing vehicle has more than ten seats the
determined value for the specific ridesharing vehicle is less than ten seats.
9. The system of claim 1, wherein the at least one processor is further configured to override the threshold
block in response to a received indication of an inclement weather condition.
10. The system of claim 1, wherein the at least one processor is further configured to override the
threshold block override in response to a received indication of a special event condition.
11. The system of claim 1, wherein the at least one processor is further configured to override the
threshold block when an estimated time in which the ridesharing vehicle’s utilized capacity is above the
threshold is less than a predefined period of time.
12. The system of claim 1, wherein the at least one processor is further configured to override the

threshold block in response to a received indication of an unscheduled-user condition.
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13. The system of claim 12, wherein the at least one processor is further configured to cancel the
assignment of a first rideshare vehicle and re-assign a second rideshare vehicle in order to enable the first
rideshare vehicle to pick-up a passenger not originally assigned to the first rideshare vehicle.
14. The system of claim 1, wherein the at least one processor is further configured to implement the
threshold block across a fleet of ridesharing vehicles.
15. The system of claim 1, wherein the at least one processor is further configured to track passengers’
luggage capable of impacting capacity of the ridesharing vehicle.
16. The system of claim 1, wherein the at least one processor is further configured to track a passenger’s
physical condition capable of impacting capacity of the ridesharing vehicle.
17. A non-transitory computer-readable storage medium storing instructions that, when executed by at
least one processor, cause the at least one processor to perform a method for managing a fleet of
ridesharing vehicles, the method comprising:

receiving via a communications interface requests for shared rides from a plurality of users;

accessing a memory configured to store indications of passenger-capacity for specific ridesharing
vehicles in the fleet;

assigning, to ridesharing vehicles already transporting users, additional users for simultaneous
transportation in the ridesharing vehicles;

tracking a current utilized capacity of each specific ridesharing vehicle; and

implementing a threshold block that prevents assignment of additional users to a ridesharing
vehicle when the ridesharing vehicle’s current utilized capacity is above a threshold being less than the
ridesharing vehicle’s passenger-capacity.
18. The non-transitory computer-readable storage medium according to claim 17, wherein the method
further comprises:

overriding the threshold block in response to at least one of: a received indication of an inclement
weather condition, a received indication of a special event condition, and a received indication of an
unscheduled-user condition.
19. The non-transitory computer-readable storage medium according to claim 17, wherein the method
further comprises:

determining a value for the threshold based on stored information about a capacity of the
ridesharing vehicle.
20. The non-transitory computer-readable storage medium according to claim 17, wherein the method
further comprises:

overriding the threshold block when an estimated time for which the ridesharing vehicle’s utilized
capacity is above the threshold is projected to be less than a predefined period of time.
21. An automated ridesharing dispatch system, comprising:

a communications interface configured to:
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receive ride requests from a first plurality of communication devices associated with a
plurality of users, wherein each ride request includes a starting point and a desired destination
corresponding to each of the plurality of users;

receive location information from a second plurality of communication devices
associated with a plurality of ridesharing vehicles; and

at least one processor configured to:

assign a first ridesharing vehicle to pick-up a first group of the plurality of users;

determine pick-up locations for the first group of users, wherein for at least some of the
first group of users, the determined pick-up locations differ from the starting points;

send data to the at least some of the first group of users to guide each user to a respective
pick-up location different from a corresponding starting point of each said user;

use information received from a first communications device of a first user to predict
when the first user will arrive the assigned first pick-up location;

prior to the first user arriving at a first pick-up location, cancel the assignment of the first
ridesharing vehicle to the first user while maintaining the assignment of the first ridesharing vehicle to
others of the first group of users;

predict when a second ridesharing vehicle may pass the first pick-up location;

compare the predicted passing time of the second ridesharing vehicle with the arrival
time of the first user; and

re-assign the first user to the second ridesharing vehicle when the predicted passing time
is after the predicted arrival time.
22. The system of claim 21, wherein the at least one processor is further configured to continuously
receive location information from the first and second pluralities of communication devices to estimate
arrival times at respective pick-up locations, and to cancel the assignment of the first rideshare vehicle
when the estimated arrival time of the first ridesharing vehicle is before the estimate arrival time of the
first user.
23. The system of claim 22, wherein the at least one processor is further configured to cancel the
assignment of the first rideshare vehicle when the estimated arrival time of the first ridesharing vehicle is
more than a predetermined period of time before the estimated arrival time of the first user.
24. The system of claim 21, wherein the at least one processor is further configured to continuously
receive location information from the first and second pluralities of communication devices to estimate
arrival times at respective pick-up locations, to predict a delay in an arrival of the first ridesharing vehicle
at the first pick-up location, and to cancel the assignment of the first rideshare vehicle when a delay is
predicted.
25. The system of claim 24, wherein the at least one processor is further configured to cancel the
assignment of the first rideshare vehicle when the predicted delay in arrival of the first ridesharing vehicle
at the first pick-up location is more than a predetermined period of time compared to an original estimated

arrival time of the first ridesharing vehicle at the first pick-up location.
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26. The system of claim 21, wherein the at least one processor is further configured to cancel the
assignment of the first rideshare vehicle and re-assign the second rideshare vehicle in order to enable the
first rideshare vehicle to pick-up a passenger not originally assigned to the first rideshare vehicle.
27. The system of claim 21, wherein the at least one processor is further configured to re-assign the
second rideshare vehicle in order to minimize a total waiting time of the plurality of users.
28. The system of claim 21, wherein the at least one processor is further configured to automatically
update a route of the first ridesharing vehicle after cancelling the assignment of the first ridesharing
vehicle to the first user.
29. The system of claim 21, wherein the at least one processor is further configured to automatically
update a route of the second ridesharing vehicle after the re-assigning of the first user.
30. The system of claim 21, wherein the at least one processor is further configured to guide the second
ridesharing vehicle to the first pick-up location.
31. The system of claim 21, wherein the second ridesharing vehicle is carrying at least one second user
while being assigning to the first user.
32. The system of claim 31, wherein the at least one processor is further configured to assign the first user
to the second ridesharing vehicle based on a current location of the second ridesharing vehicle and a
desired destination of the at least one second user.
33. The system of claim 31, wherein the at least one processor is further configured to change at least one
drop-off location of the at least one second user after assignment of the second ridesharing vehicle to the
first user.
34. The system of claim 21, wherein the at least one processor is further configured to assign to the
second ridesharing vehicle already transporting at least four second users for simultaneous transportation
with the first user.
35. The system of claim 21, wherein the at least one processor is further configured to send to at least
some of the first group of users walking directions to the respective pick-up locations.
36. The system of claim 21, wherein the at least one processor is further configured to send to at least
some of the first group of users at least one of a location and an address of the respective pick-up
locations.
37. The system of claim 21, wherein the information used for predicting when the first user will arrive at
the assigned first pick-up location is derived from the ride request.
38. The system of claim 21, wherein the information used for predicting when the first user will arrive at
the assigned first pick-up location is derived from a GPS of the first communications device.
39. A non-transitory computer-readable storage medium storing instructions that, when executed by at
least one processor, cause the at least one processor to perform a method for managing a fleet of
ridesharing vehicles, the method comprising:

receiving ride requests from a first plurality of communication devices associated with a plurality

of users, wherein each ride request includes a starting point and a desired destination;
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receiving location information from a second plurality of communication devices associated with
a plurality of ridesharing vehicles;
assigning a first ridesharing vehicle to pick-up a first group of the plurality of users;
determining pick-up locations for the first group of users, wherein for at least some of the first
group of users, the determined pick-up locations differ from the starting points;
sending data to the at least some of the first group of users to guide each user to a respective pick-
up location different from a corresponding starting point of each said user;
using information received from a first communications device of a first user to predict when the
first user will arrive the first pick-up location;
prior to the first user arriving at a first pick-up location, cancelling the assignment of the first
ridesharing vehicle to the first user while maintaining the assignment of the first ridesharing vehicle to
others of the first group of users;
predicting when a second ridesharing vehicle may pass the first pick-up location;
comparing the predicted passing time with the arrival time of the first user; and
re-assigning the first user to the second ridesharing vehicle when the predicted passing time is
after the predicted arrival time.
40. The non-transitory computer-readable storage medium according to claim 39, wherein the method
further comprises:
cancelling the assignment of the first rideshare vehicle when an estimated arrival time of the first
ridesharing vehicle is more than a predetermined period of time before an estimate arrival time of the first
user.
41. The non-transitory computer-readable storage medium according to claim 39, wherein the method
further comprises:
cancelling the assignment of the first rideshare vehicle when a predicted delay in arrival of the
first ridesharing vehicle at the first pick-up location is more than a predetermined period of time
compared to an original estimated arrival time of the first ridesharing vehicle at the first pick-up location.
42. The non-transitory computer-readable storage medium according to claim 39, wherein the method
further comprises:
cancelling the assignment of the first rideshare vehicle and re-assigning the second rideshare
vehicle in order to enable the first rideshare vehicle to pick-up a passenger not originally assigned to the
first rideshare vehicle.
43. An automated ridesharing dispatch system, comprising:
a communications interface configured to:
receive ride requests from a first plurality of communication devices associated with a
plurality of users, wherein each ride request includes a starting point and a desired destination
corresponding to each of the plurality of users;
receive location information from a second plurality of communication devices

associated with a plurality of ridesharing vehicles; and
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at least one processor configured to:
assign a first ridesharing vehicle to pick-up a group of the plurality of users;
determine pick-up locations for the group of users, wherein for at least some of the group
of the plurality of users, the determined pick-up locations differ from the starting points;
send data to the group of the plurality of users indicating appointed pick-up times at the
determined pick-up locations;
use information received from at least one of the plurality of ridesharing vehicles to
predict when the first ridesharing vehicle will arrive to a first pick-up location assigned to a first user;
prior to a first pick-up time associated with the first user, estimate that the first
ridesharing vehicle is going to be late to the first pick-up location by more than a time threshold;
identify a second ridesharing vehicle to be assigned to pick-up the first user;
cancel the assignment of the first ridesharing vehicle to the first user while maintaining
the assignment of the first ridesharing vehicle to others of the group of the plurality of users; and
assign the second ridesharing vehicle to pick up the first user.
44. The system of claim 43, wherein the time threshold has a value between 5 minutes and 20 minutes
after the first pick-up time.
45. The system of claim 43, wherein the at least one processor is further configured to determine that the
second ridesharing vehicle can pick up the first user before the first ridesharing vehicle.
46. The system of claim 43, wherein the at least one processor is further configured to determine that, by
assigning the second ridesharing vehicle to pick up the first user, a first time delay of at least one
passenger riding in the first ridesharing vehicle is lower than a second time delay of the at least one
passenger when the first user is assigned to the first ridesharing vehicle.
47. The system of claim 43, wherein the information used to predict when the first ridesharing vehicle
will arrive at the first pick-up location includes GPS data from the first ridesharing vehicle.
48. The system of claim 43, wherein the information used to predict when the first ridesharing vehicle
will arrive at the first pick-up location includes real-time traffic updates from the plurality of ridesharing
vehicles.
49. The system of claim 46, wherein the first time delay is higher than the second time delay by a
threshold.
50. The system of claim 49, where the threshold is twelve minutes.
51. A system for managing a fleet of ridesharing vehicles, the system comprising:
a communications interface configured to receive requests for shared rides from a plurality of
users;
at least one processor configured to:
identify a first ridesharing vehicle and a second ridesharing vehicle that are currently

without passengers;
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receive via the communications interface, a first request for a shared ride from a first
user, the first request including information related to a first pick-up location of the first user and a first
desired destination of the first user;

receive, via the communications interface, a second request for a shared ride from a
second user, the second request including information related to a second pick-up location of the second
user and a second desired destination of the second user;

assign the first user and the second user to the first ridesharing vehicle;

generate a route to the first ridesharing vehicle for picking up and dropping off each of
the first user and the second user;

receive, via the communications interface, a third request for a shared ride from a third
user, the third request including information related to a third pick-up location of the third user and a third
desired destination of the third user;

calculate a first expected arrival time of the first ridesharing vehicle at the third pick-up
location;

calculate a second expected arrival time of the second ridesharing vehicle at the third
pick-up location, wherein the second expected arrival time is sooner than the first expected arrival time;

when both the first expected arrival time and the second expected arrival time are below a
predetermined threshold, assign the third user to the first ridesharing vehicle; and

generate an updated route for the first ridesharing vehicle to pick-up the third user.
52. The system of claim 51, wherein the at least one processor is further configured to generate a route for
the second ridesharing vehicle to send the second ride sharing vehicle toward an area with predicted
imminent passenger demand.
53. The system of claim 51, wherein the at least one processor is further configured to assign the third
user to the first ridesharing vehicle when an estimated delay for each of the first user and the second user
is below another predetermined threshold.
54. The system of claim 51, wherein the at least one processor is further configured to assign the third
user to the first ridesharing vehicle when the third desired destination of the third user is in a same
neighborhood as the second desired destination of the second user.
55. The system of claim 51, wherein the at least one processor is further configured to determine pick-up
locations and drop-off locations for each of the first, second, and third users.
56. The system of claim 55, wherein the determined pick-up locations differ from a current location of
each of the first, second, and third users, and the at least one processor is further configured to cause
notices of the determined pick-up locations to be sent to the mobile communications devices of each of
the first, second, and third users.
57. The system of claim 56, wherein the communications interface is configured to transmit data
associated with the notices to the mobile communications devices of each of the first, second, and third

users, and wherein the data includes walking directions to the determined pick-up locations.
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58. The system of claim 55, wherein the at least one processor is further configured to receive the third
request while both the first user and the second user are riding in the first ridesharing vehicle, and to
schedule picking up of the third user before dropping off the first user.
59. The system of claim 55, wherein the at least one processor is further configured to receive the third
request while both the first user and the second user are riding the first ridesharing vehicle, and to
schedule picking up the third user after dropping off the first user and before dropping off the second
user.
60. The system of claim 59, wherein the at least one processor is further configured to sub-optimize the
drop-off location of the first user in order to minimize a total waiting time of the third user.
61. The system of claim 59, wherein the at least one processor is further configured to sub-optimize the
third pick-up location of the third user to minimize a total travel time of the first and second users.
62. The system of claim 51, wherein the communications interface is configured to receive the requests
for shared rides from a plurality of first mobile communications devices associated with the plurality of
users, and is further configured to receive from a plurality of second mobile communication devices
associated with a plurality of ridesharing vehicles, information about a current location of each of the
second mobile communications devices, derived from a location circuit within each of the second mobile
devices.
63. The system of claim 62, wherein the plurality of second mobile communication devices includes a
plurality of handheld devices associated with drivers of at least a part of the fleet of ridesharing vehicles.
64. The system of claim 62, wherein the plurality of second mobile communication devices includes a
plurality of transmitters embedded in autonomous vehicles that are a part of the fleet of ridesharing
vehicles.
65. The system of claim 51, wherein the information related to a first pick-up location includes a current
location of the first user or a user-requested pick-up location.
66. The system of claim 51, wherein the predetermined threshold is less than twenty minutes.
67. A non-transitory computer-readable storage medium storing instructions that, when executed by at
least one processor, cause the at least one processor to perform a method for managing a fleet of
ridesharing vehicles, the method comprising:

identifying a first ridesharing vehicle and a second ridesharing vehicle that are currently without
passengers;

receiving via the communications interface, a first request for a shared ride from a first user, the
first request including information related to a first pick-up location of the first user and a first desired
destination of the first user;

receiving via the communications interface, a second request for a shared ride from a second user,
the second request including information related to a second pick-up location of the second user and a
second desired destination of the second user;

assigning the first user and the and second user to the first ridesharing vehicle;
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generating a route for the first ridesharing vehicle for picking up and dropping off each of the first
user and the second user;

receiving via the communications interface, a third request for a shared ride from a third user, the
third requesf including information related to a third pick-up location of the third user and a third desired
destination of the third user;

calculating a first expected arrival time of the first ridesharing vehicle at the third pick-up
location;

calculating a second expected arrival time of the second ridesharing vehicle at the third pick-up
location, wherein the second expected arrival time is sooner than the first expected arrival time;

when both the first expected arrival time and the second expected arrival time are below a
predetermined threshold, assigning the third user to the first ridesharing vehicle; and

generating an updated route for the first ridesharing vehicle to pick-up the third user.
68. The non-transitory computer-readable storage medium according to claim 67, wherein the method
further comprises:

generating a route for directing the second ridesharing vehicle toward an area with predicted
imminent demand.
69. The non-transitory computer-readable storage medium éccording to claim 67, wherein the method
further comprises:

determining pick-up locations and drop-off locations for each of the first, second, and third users;
and

sub-optimizing the drop-off location of the first user in order to minimize a total waiting time of
the third user.
70. The non-transitory computer-readable storage medium according to claim 67, wherein the method
further comprises:

determining pick-up locations and drop-off locations to each of the first, second, and third users;
and

sub-optimizing the third pick-up location of the third user to minimize a total travel time of the
second user.
71. A system for managing a fleet of ridesharing vehicles, the system comprising:

a communications interface configured to receive requests for shared rides from a plurality of
users;

at least one processor configured to:

identify a first ridesharing vehicle and a second ridesharing vehicle that are currently
without passengers;
receive via the communications interface, a first request for a shared ride from a first

user, the first request including information related to a first pick-up location of the first user and a first
desired destination of the first user;

assign the first user to the first ridesharing vehicle;
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generate a route for the first ridesharing vehicle to pick-up and drop-off the first user;
receive via the communications interface, while the first user is riding the first

ridesharing vehicle, a second request for a shared ride from a second user, the second request including
information related to a second pick-up location of the second user and a second desired destination of the
second user;
calculate a first expected arrival time of the first ridesharing vehicle at the second pick-up
location;
calculate a second expected arrival time of the second ridesharing vehicle at the second
pick-up location, wherein the second expected arrival time is sooner than the first expected arrival time;
assign the second user to the first ridesharing vehicle; and
generate an updated route for the first ridesharing vehicle to pick-up the second user.
72. An automated ridesharing dispatch system, comprising
memory configured to store historical data associated with past demand for ridesharing vehicles
in a geographical area;
a communications interface;
at least one processor configured to access the memory and to:
use the historical data to predict imminent demand of ridesharing requests including
predicting general zones in the geographical area associated with imminent demand;
select a holding zone for prepositioning empty ridesharing vehicles in order to expedite
satisfaction of the predicted imminent demand; and
send, via the communications interface, to a mobile communications device in a specific
ridesharing vehicle, instructions directing the specific ridesharing vehicle to the holding zone.
73. The system of claim 72, wherein the specific ridesharing vehicle is directed to the holding zone to
maintain a presence in the holding zone despite other ridesharing demand in the geographical area.
74. The system of claim 72, wherein the at least one processor is further configured to access in the
memory historical data collected about pick-up locations, days, and times of prior ride requests.
75. The system of claim 74, wherein the at least one processor is further configured to access in the
memory historical data collected about weather conditions associated with the prior ride requests.
76. The system of claim 72, wherein the at least one processor is further configured to select the holding
zone from a plurality of pre-identified holding zones stored in the memory, wherein the holding zone
includes at least one of a specific location and a neighborhood.
77. The system of claim 72, wherein the at least one processor is further configured to select a holding
zone for the specific ridesharing vehicle using real-time data.
78. The system of claim 72, wherein the at least one processor is further configured to select a holding
zone for the specific ridesharing vehicle using data about passenger-capacity of the specific ridesharing

vehicle.
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79. The system of claim 72, wherein the at least one processor is further configured to select a holding
zone for the specific ridesharing vehicle using data about a shift of a driver of the specific ridesharing
vehicle.
80. The system of claim 72, wherein the at least one processor is further configured to identify a plurality
of holding zones and to direct a plurality of empty ridesharing vehicles to the plurality of holding zones.
81. The system of claim 72, wherein the at least one processor is further configured to identify a plurality
of holding zones and to direct, based on the predicted general zones in the geographical area, a single
empty ridesharing vehicle to a first holding zone and at least two empty ridesharing vehicles to a second
holding zone.
82. The system of claim 72, wherein the at least one processor is further configured to determine a drop-
off location for a last passenger riding the specific ridesharing vehicle based on the selected holding zone
and desired destination of the passenger.
83. The system of claim 72, wherein the at least one processor is further configured to receive a rideshare
request from a mobile communications device of a user in a vicinity of a selected holding zone, and to
send a message to an empty rideshare vehicle in the selected holding zone to pick-up the user, including
routing instructions to a pick-up location in a vicinity of the selected holding zone.
84. The system of claim 72, wherein the at least one processor is further configured to receive a rideshare
request from a mobile communications device of a user in a vicinity of the specific ridesharing vehicle
driving toward the selected holding zone, and to send a message to another rideshare vehicle farther away
from the user to pick up the user.
85. The system of claim 72, wherein the at Jeast one processor is further configured to receive a rideshare
request, from a mobile communications device of a user in a vicinity of the specific ridesharing vehicle
driving toward the selected holding zone, and to send a message to the specific ridesharing vehicle to pick
up the user when the desired destination of the user is in proximity to the selected holding zone.
86. The system of claim 72, wherein at least some of the ridesharing vehicles are electrically-powered
vehicles, and the holding zone includes a location where the ridesharing vehicle can charge while waiting
for a user assignment.
87. The system of claim 72, wherein at least some of the ridesharing vehicles are manually-drivable
ridesharing vehicles, and the holding zone includes a location where the ridesharing vehicles can park
while waiting for a user assignment.
88. The system of claim 72, wherein at least some of the ridesharing vehicles are autonomous, and the
holding zone includes a route along which the autonomous vehicle is directed to drive while awaiting a
pick-up assignment.
89. A non-transitory computer-readable storage medium storing instructions that, when executed by at
least one processor, cause the at least one processor to perform a method for managing a fleet of
ridesharing vehicles, the method comprising:

storing historical data associated with past demand for ridesharing vehicles in a geographical

area;
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using the historical data to predict imminent demand of ridesharing requests including predicting
general zones in the geographical area associated with imminent demand;
selecting a holding zone for prepositioning empty ridesharing vehicles in order to expedite
satisfaction of the predicted imminent demand; and
sending to a mobile communications device in a specific ridesharing vehicle, instructions
directing the specific ridesharing vehicle to the holding zone.
90. The non-transitory computer-readable storage medium according to claim 89, wherein the specific
ridesharing vehicle is directed to the holding zone to maintain a presence in the holding zone despite other
ridesharing demand in the geographical area.
91. The non-transitory computer-readable storage medium according to claim 89, wherein selecting the
holding zone includes making a selection from a list of holding zone options stored in memory.
92. The non-transitory computer-readable storage medium according to claim 89, wherein the method
further comprises:
identifying a plurality of holding zones; and
directing, based on the predicted general zones in the geographical area, a single empty
ridesharing vehicle to a first holding zone and at least two empty ridesharing vehicles to a second holding
zone.
93. An automated ridesharing dispatch system, comprising:
memory configured to store historical data associated with past demand for ridesharing vehicles
in a geographical area;
a communications interface configured to receive location information from a plurality of
communication devices associated with a plurality of ridesharing vehicles;
at least one processor configured to access the memory and to:
assign, to ridesharing vehicles already transporting users, additional users for
simultaneous transportation in the ridesharing vehicles;
track assignments of each specific ridesharing vehicle to identify that a first ridesharing
vehicle and a second ridesharing vehicle are about to be without passengers and without future
assignments;
direct the first ridesharing vehicle to a first holding zone based on a current location of
the first vehicle and a predicted imminent demand proximate the first holding zone; and
direct the second ridesharing vehicle to a second holding zone other than the first holding
zone based on a current location of the second vehicle and a predicted imminent demand
proximate to the second holding zone.
94. The system of claim 93, wherein at least one processor is further configured to direct the second
ridesharing vehicle to a second holding zone when the first holding zone is at full capacity.
95. An automated ridesharing dispatch system, comprising:

a communications interface configured to:
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receive ride requests from a plurality of users headed to differing destinations, wherein
each ride request includes a starting point and a desired destination; and
receive from a mobile communications device associated with a ridesharing vehicle, a
current location of the ridesharing vehicle;
at least one processor configured to:
in response to the ride requests, send the ridesharing vehicle to pick up the plurality of
users headed to differing destinations;
determine based on a known passenger capacity of the ridesharing vehicle, a capacity
status of the ridesharing vehicle;
if the capacity status of the ridesharing vehicle is below a capacity threshold, direct the
ridesharing vehicle along a first route resulting in a first set of arrival times for the plurality of
users; and
if the capacity threshold is met, direct the ridesharing vehicle along a second route
resulting in a second set of arrival times for the plurality of users, wherein the second set of
arrival times are earlier than the first set of arrival times.
96. The system of claim 95, wherein the at least one processor is further configured to redirect the
ridesharing vehicle along the second route when the capacity status of the ridesharing vehicle is below the
capacity threshold but imminent demand is predicted in an area near at least one drop-off location
associated with at least one of the users.
97. The system of claim 95, wherein the at least one processor is further configured to redirect the
ridesharing vehicle along the second route when the capacity status of the ridesharing vehicle is below the
capacity threshold but another ridesharing vehicle is driving along a route similar to the first route.
98. The system of claim 95, wherein the at least one processor is further configured to redirect the
ridesharing vehicle along the second route when the capacity status of the ridesharing vehicle is below the
capacity threshold but at least one of the plurality of users booked an expedited ride.
99. The system of claim 95, wherein the at least one processor is further configured to redirect the
ridesharing vehicle along the first route when the capacity threshold is met but an additional user is
assigned to the ridesharing vehicle with a pick-up location along the first route.
100. The system of claim 95, wherein the at least one processor is further configured to receive real time
traffic data and to redirect the ridesharing vehicle along the first route when the capacity threshold is met
but atypical traffic congestion is identified along the second route.
101. The system of claim 95, wherein the at least one processor is further configured to receive real time
traffic data and to redirect the ridesharing vehicle along the second route when the capacity status of the
ridesharing vehicle is below the capacity threshold and atypical traffic congestion is identified along the
first route.
102. The system of claim 95, wherein the at least one processor is further configured to track a passenger’
luggage that can have an effect on the capacity status of the ridesharing vehicle and to change the

capacity threshold accordingly.
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103. The system of claim 95, wherein the at least one processor is further configured to track a
passenger’s physical condition that can have an effect on the capacity status of the ridesharing vehicle and
to change the capacity threshold accordingly.
104. The system of claim 95, wherein the at least one processor is further configured to continuously
receive location information from the mobile communications device associated with the ridesharing
vehicle, to estimate arrival time at a pick up location of one of the plurality of users and to reassign a
different ridesharing vehicle when the at least one processor predicts a delay in arrival of the ridesharing
vehicle at the pick-up location.
105. The system of claim 95, wherein the at least one processor is further configured to continuously
receive location information from a communications device associated with the ridesharing vehicle, to
estimate arrival time at a pick-up location and to reassign a different ridesharing vehicle when the at least
one processor estimates that the ridesharing vehicle will arrive at the pick-up location later than a time
originally estimated.
106. The system of claim 95, wherein the at least one processor is further configured to direct the vehicle
along the second route that includes a toll road.
107. The system of claim 95, wherein the at least one processor is further configured to direct the vehicle
along the second route that includes a highway.
108. The system of claim 95, wherein the capacity threshold is one person less than a passenger-capacity
of the ridesharing vehicle.
109. The system of claim 95, wherein the capacity threshold is two persons less than a passenger-capacity
of the ridesharing vehicle.
110. The system of claim 95, wherein the capacity threshold is four persons less than a passenger-
capacity of the ridesharing vehicle.
111. The system of claim 95, wherein the capacity threshold is two passengers.
112. The system of claim 95, wherein the capacity threshold is three passengers.
113. The system of claim 95, further comprising memory for storing historical data of ridesharing
demand, and wherein the at least one processor is configured to determine whether imminent demand is
expected along an alternate route to the destinations and to send the ridesharing vehicle along the
alternate route if imminent demand is expected along the alternate route.
114. A non-transitory computer-readable storage medium storing instructions that, when executed by at
least one processor, cause the at least one processor to perform a method for managing a fleet of
ridesharing vehicles, the method comprising:

receiving ride requests from a plurality of users headed to differing destinations, wherein each
ride request includes a starting point and a desired destination;

receiving from a mobile communications device associated with a ridesharing vehicle, a current
location of the ridesharing vehicle;

in response to the ride requests, sending the ridesharing vehicle to pick up the plurality of users

headed to differing destinations;
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determining based on a known passenger capacity of the ridesharing vehicle, a capacity status of
the ridesharing vehicle;
if the capacity status of the ridesharing vehicle is below a capacity threshold, directing the
ridesharing vehicle along a first route resulting in a first set of arrival times for the plurality of users; and
if the capacity threshold is met, directing the ridesharing vehicle along a second route resulting in
a second set of arrival times for the plurality of users, wherein the second set of arrival times are earlier
than the first set of arrival times.
115. An automated ridesharing dispatch system, comprising:
a communications interface configured to:
receive ride requests from a plurality of users headed to differing destinations, wherein
each ride request includes a starting point and a desired destination; and
receive from a mobile communications device associated with a ridesharing vehicle, a
current location of the ridesharing vehicle;
at least one processor configured to:
in response to the ride requests, send the ridesharing vehicle to pick up the plurality of
users headed to differing destinations,
determine based on a known passenger capacity of the ridesharing vehicle, a capacity
status of the ridesharing vehicle; and
direct the ridesharing vehicle along at least one of a first route and a second route based
on a comparison of the capacity status of the ridesharing vehicle to a capacity threshold, wherein
the first route results in a first set of arrival times for the plurality of users, the second route
results in a second set of arrival times for the plurality of users, and the second set of arrival times
are earlier than the first set of arrival times.
116. The system of claim 115, wherein the at least one processor is further configured to direct the
ridesharing vehicle along the first route if the capacity status of the ridesharing vehicle is below a capacity
threshold.
117. The system of claim 115, wherein the at least one processor is further configured to direct the
ridesharing vehicle along the second route if the capacity threshold is met.
118. The system of claim 115, wherein the at least one processor is further configured to direct the
ridesharing vehicle along the second route when the capacity status of the ridesharing vehicle is below the
capacity threshold and imminent demand is predicted in an area near at least one drop-off location
associated with at least one of the users.
119. The system of claim 115, wherein the at least one processor is further configured to direct the
ridesharing vehicle along the second route when the capacity status of the ridesharing vehicle is below the
capacity threshold but another ridesharing vehicle is driving along a route similar to the first route.
120. The system of claim 115, wherein the at least one processor is further configured to direct the
ridesharing vehicle along the second route when the capacity status of the ridesharing vehicle is below the

capacity threshold but at least one of the plurality of users booked an expedited ride.
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121. The system of claim 115, wherein the at least one processor is further configured to direct the

ridesharing vehicle along the first route when the capacity threshold is met but an additional user is
assigned to the ridesharing vehicle with a pick-up location along the first route.
122. The system of claim 115, wherein the at least one processor is further configured to direct the
ridesharing vehicle along the first route when the capacity threshold is met but atypical traffic congestion
is identified along the second route.
123. The system of claim 115, wherein the at least one processor is further configured to direct the
ridesharing vehicle along the second route when the capacity status of the ridesharing vehicle is below the
capacity threshold and atypical traffic congestion is identified along the first route.
124. An automated ridesharing dispatch system, comprising:
a communications interface configured to:
receive ride requests from a plurality of users, wherein each ride request includes a
starting point and a desired destination;
receive from a plurality of communication devices associated with a plurality of
ridesharing vehicles, indications of current locations of the plurality of ridesharing vehicles;
memory configured to store a plurality of rules including a rule to select a fastest route for
guiding a ridesharing vehicle, and a rule for reducing backtracking, even in instances where backtracking
would result in shorter travel time; and
at least one processor configured to:
assign the plurality of users to a common ridesharing vehicle;
use the stored plurality of rules to determine a route for the ridesharing vehicle other than
the fastest route, the determined route is selected to account for the rule for reducing backtracking
and includes a plurality of pick-up and drop-off locations associated with the starting points and
desired destinations of the plurality of users; and
in order to reduce backtracking, direct the ridesharing vehicle along the determined route
other than the fastest route.
125. The system of claim 124, wherein the at least one processor is configured to apply the rule for
reducing backtracking by routing the ridesharing vehicle in a manner avoiding a trajectory opposite to an
average direction of the plurality of users’ desired destinations.
126. The system of claim 124, wherein the at least one processor is configured to apply the rule for
reducing backtracking by routing the ridesharing vehicle in a manner avoiding three consecutive left
turns.
127. The system of claim 124, wherein the at least one processor is configured to apply the rule for
reducing backtracking by routing the ridesharing vehicle in a manner avoiding three consecutive right
turns.
128. The system of claim 124, wherein the at least one processor is configured to apply the rule for

reducing backtracking by routing the ridesharing vehicle in a manner reducing U-turns.
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129. The system of claim 124, wherein the at least one processor is further configured to receive real time
traffic data and to calculate an expected travel-time change associated with users currently riding in the
ridesharing vehicle when the ridesharing vehicle is directed along a route with backtracking as compared
to a route with reduced backtracking.
130. The system of claim 129, wherein the at least one processor is further configured to override the
backtracking rule when the received traffic data is indicative of at least one of street blockages and
atypical congestion.
131. The system of claim 129, wherein the at least one processor is further configured to override the
backtracking rule in response to a received indication of imminent high demand for rides.
132. The system of claim 129, wherein the at least one processor is further configured to override the
backtracking rule when an expected travel-time change is higher than a backtracking threshold.
133. The system of claim 132, wherein a value of the backtracking threshold is dynamic and is
determined based on at least one of a time of day and a type of user currently riding the ridesharing
vehicle.
134. The system of claim 129, wherein the expected travel-time change is calculated separately for each
of the users currently riding the ridesharing vehicle.
135. The system of claim 129, wherein the expected travel-time change is calculated collectively for the
users currently riding the ridesharing vehicle.
136. The system of claim 124, wherein the at least one processor is further configured to override the
backtracking rule, determine an updated route along which to direct the ridesharing vehicle, and to change
at least one drop-off location of the plurality of users after determining the updated route.
137. The system of claim 124, wherein the at least one processor is further configured to override the
backtracking rule, determine an updated route along which to direct the ridesharing vehicle, and to
reassign a user scheduled to be picked up by the ridesharing vehicle to another ridesharing vehicle.
138. The system of claim 124, wherein the memory is further configured to store additional rules for
determining the route for the ridesharing vehicle.
139. The system of claim 124, wherein the at least one processor is further configured to receive at least
one additional ride request from at least one additional user and change the determined route to pick-up at
the least one additional user.
140. A non-transitory computer-readable storage medium storing instructions that, when executed by at
least one processor, cause the at least one processor to perform a method for managing a fleet of
ridesharing vehicles, the method comprising:

receiving ride requests from a plurality of users, wherein each ride request includes a starting
point and a desired destination;

receiving from a plurality of communication devices associated with a plurality of ridesharing

vehicles, indications of current locations of the plurality of ridesharing vehicles;
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accessing memory configured to store a plurality of rules including a rule to select a fastest route
for guiding a ridesharing vehicle and a rule for reducing backtracking, even in instances where
backtracking would result in shorter travel time;
assigning the plurality of users to a common ridesharing vehicle;
~ using the stored plurality of rules to determine a route for the ridesharing vehicle other than the
fastest route, the determined route is selected to account for the rule for reducing backtracking and
includes a plurality of pick-up and drop-off locations associated with the starting points and desired
destinations of the plurality of users; and
in order to reduce backtracking, directing the ridesharing vehicle along the determined route other
than the fastest route.
141. The non-transitory computer-readable storage medium according to claim 140, wherein the rule for
reducing backtracking includes at least one of: avoiding routes that include a trajectory away from a
user’s desired destination, avoiding routes that include three consecutive left turns, avoiding routes that
include three consecutive right turns, and reducing routes that include U-turns.
142. The non-transitory computer-readable storage medium according to claim 140, wherein the method
further comprises:
receiving real time traffic data;
calculating an expected travel-time change associated with users currently riding the ridesharing
vehicle when the ridesharing vehicle is directed along a route with backtracking as compared to a route
with reduced backtracking; and
overriding the backtracking rule when the expected travel-time change for each of the users
currently riding the ridesharing vehicle is higher than a backtracking threshold.
143. The non-transitory computer-readable storage medium according to claim 140, wherein the method
further comprises:
receiving real time traffic data; and
overriding the backtracking rule when the received traffic data is indicative of atypical
congestion.
144. A system for directing a vehicle-for-hire and a prospective passenger to a remote pick-up location to
avoid traffic congestion, the system comprising:
a communications interface configured to:
receive a ride request from a user, wherein the ride request includes a starting point and a
desired destination;
receive from a plurality of communication devices associated with a plurality of vehicles-
for-hire indications of current locations of the plurality of vehicles-for-hire; and
at least one processor configured to:
receive real time traffic data, including information about at least one of street blockages

and atypical congestion;

124



10

15

20

25

30

35

WO 2018/140505 PCT/US2018/015060

identify an existence of an area of traffic obstruction in a vicinity of the user’s starting
point;

select a vehicle-for-hire to pick up the user;

identify a pick-up location, remote from the user’s starting point, peripheral to the area of
traffic obstruction; '

send to the user, via the communications interface, information about the pick-up
location; and

send to the selected vehicle-for-hire, via the communications interface, driving directions
to the pick-up location, wherein the driving directions substantially avoid the area of traffic obstruction.
145. The system of claim 144, wherein the at least one processor is further configured to select the pick-
up location such that a path from a current location of the selected vehicle-for-hire to the pick-up location
avoids the area of traffic obstruction.
146. The system of claim 144, wherein the area of traffic obstruction is a region where traffic flow is
slower than in an adjacent region.
147. The system of claim 144, wherein the area of traffic obstruction is at least one of a road closure, a
parade, an accident, a public safety incident, and an infrastructure repair.
148. The system of claim 144, wherein the at least one processor is further configured to determine real
time traffic data information received from the plurality of communication devices associated with the
plurality of vehicles-for-hire.
149. The system of claim 144, wherein the at least one processor is further configured to receive
information from an external source, predict an area that will have traffic obstruction in the near future,
and use the predicted area in determining the pick-up location.
150. The system of claim 144, wherein the at least one processor is further configured to identify, based
on the real time traffic data, a change in the area of traffic obstruction.
151. The system of claim 150, wherein the at least one processor is further configured to determine an
alternative pick-up location to accommodate the change in the area of traffic obstruction.
152. The system of claim 151, wherein the at least one processor is further configured to send to the user
information about the alternative pick-up location and update the driving directions to accommodate the
change in the area of traffic obstruction.
153. The system of claim 144, wherein when the at least one processor is configured to select a user for
the vehicle-for-hire already transporting other passengers and to change an assigned drop-off location of
at least one of the other passengers to a location peripheral to the area of traffic obstruction.
154. The system of claim 144, wherein the at least one processor is further configured to assign a plurality
of users to concurrently share the vehicle-for-hire, and to determine differing pick-up locations and
differing drop-off locations for the plurality of users.
155. The system of claim 144, wherein the at least one processor is configured to send information about
the pick-up location to the user including walking directions to a location that is at least one block away

from the user’s starting point.
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156. The system of claim 144, wherein the at least one processor is further configured to select the pick-
up location and the driving directions so that the user arrives at the pick-up location before arrival of the
vehicle-for-hire.

157. The system of claim 144, wherein the at least one processor is configured to send information about
the pick-up location to the user including a map indicating a walking path to the pick-up location, and
wherein the at least one processor is further configured to cause, on the map, an indication of the area of
elevated traffic congestion.
158. The system of claim 157, wherein the indication is an icon.
159. The system of claim 157, wherein the indication includes words describing the traffic obstruction.
160. A non-transitory computer-readable storage medium storing instructions that, when executed by at
least one processor, cause the at least one processor to perform a method for directing a vehicle-for-hire
and a prospective passenger to a remote pick-up location to avoid traffic congestion, the method
comprising;

receiving a ride request from a user, wherein the ride request includes a starting point and a
desired destination;

receiving from a plurality of communication devices associated with a plurality of vehicles-for-
hire indications of current locations of the plurality of vehicles-for-hire;

receiving real time traffic data, including information about at least one of street blockages and
atypical congestion;

identifying an existence of an area of traffic obstruction in a vicinity of the user’s starting point;

selecting a vehicle-for-hire to pick up the user;

identifying a pick-up location, remote from the user’s starting point, and peripheral to the area of
traffic obstruction;

sending to the user, via the communications interface, information about the pick-up location; and

sending to the selected vehicle-for-hire, via the communications interface, driving directions to
the pick-up location, wherein the driving directions substantially avoid the area of traffic obstruction.
161. The non-transitory computer-readable storage medium according to claim 160, wherein the method
further comprises:

selecting the pick-up location such that a path from a current location of the selected vehicle-for-
hire to the pick-up location avoids the area of traffic obstruction.
162. The non-transitory computer-readable storage medium according to claim 160, wherein the method
further comprises:

receiving the information from an external source;

predicting an area that will have traffic obstruction in the near future; and

using the predicted area in determining the pick-up location.
163. The non-transitory computer-readable storage medium according to claim 160, wherein the method
further comprises:

identifying, based on the real time traffic data, a change in the area of traffic obstruction;
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determining an alternative pick-up location to accommodate the change in the area of traffic
obstruction;
sending information to the user about the alternative pick-up location; and
updating the driving directions to pick up the user from the alternative pick-up location.
164. A system for directing a vehicle-for-hire and a prospective passenger to a remote pick-up location to
avoid traffic congestion, the system comprising:
a communications interface configured to:
receive a ride request from a user, wherein the ride request includes a starting point and a
desired destination;
receive from a plurality of communication devices associated with a plurality of vehicles-
for-hire indications of current locations of the plurality of vehicles-for-hire; and
at least one processor configured to:
receive real time traffic data, including information about at least one of street blockages
and atypical congestion,;
identify an existence of an area of traffic obstruction in a vicinity of the user’s starting
point;
select a vehicle-for-hire to pick up the user;
identify a drop-off location, remote from the user’s desired destination, peripheral to the
area of traffic obstruction;
send to the selected vehicle-for-hire, via the communications interface, driving directions
to the drop-off location, wherein the driving directions substantially avoid the area of traffic obstruction;
and
send to the user, via the communications interface, walking directions from the drop-off
location to the desired destination.
165. An automated ridesharing dispatch system, comprising:
a communications interface configured to electronically receive ride requests from a plurality of
users;
memory configured to store a capacity threshold for each of a plurality of ridesharing vehicles;
at least one processor configured to:
process the ride requests received from the communications interface and to assign to a
single ridesharing vehicle the plurality of users for pick up at a plurality of differing pick-up locations and
for delivery to a plurality of differing drop-off locations;
determine a route for the ridesharing vehicle;
receive from at least one sensor within the ridesharing vehicle, information indicative of
a current number of passengers in the ridesharing vehicle; and
determine whether to assign additional users to the ridesharing vehicle based on the

received information from the sensor and the capacity threshold associated with the ridesharing vehicle.
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166. The system of claim 165, wherein the at least one sensor includes an image sensor configured to
detect the current number of passengers in the ridesharing vehicle.

167. The system of claim 165, wherein the at least one sensor includes a plurality of image sensors
configured to detect the current number of passengers in the ridesharing vehicle.

168. The system of claim 165, wherein the at least one sensor includes an image sensor associated with a
mobile communications device within the ridesharing vehicle and configured to detect the current number
of passengers in the ridesharing vehicle.

169. The system of claim 165, wherein the at least one sensor includes a plurality of pressure sensors
associated with seats in the ridesharing vehicle and configured to detect the current number of seats
occupied in the ridesharing vehicle.

170. The system of claim 165, wherein the at least one sensor includes a thermal sensor configured to
detect the current number of passengers in the ridesharing vehicle.

171. The system of claim 165, wherein the at least one sensor includes a proximity sensor configured to
detect the current number of passengers in the ridesharing vehicle.

172. The system of claim 165, wherein the at least one sensor includes a short-range transceiver
configured to determine an actual number of users entering the ridesharing vehicle by communicating
with mobile devices of the users.

173. The system of claim 165, wherein the at least one processor is configured to receive from the
communications interface an actual number of individuals entering the ridesharing vehicle.

174. The system of claim 165, wherein the at least one processor is configured to receive from the
communications interface an actual number of occupants in the ridesharing vehicle.

175. The system of claim 165, wherein the at least one processor is further configured to implement a
threshold block that prevents assignment of the additional users to the ridesharing vehicle when the
ridesharing vehicle’s current utilized capacity is above a threshold being less than the ridesharing
vehicle’s capacity threshold.

176. The system of claim 165, wherein the ridesharing vehicle is part of an autonomous vehicle and the at
least one processor is further configured to determine a discrepancy between a number of users expected
to enter the ridesharing vehicle and the actual number of passengers entering the ridesharing vehicle.
177. The system of claim 176, wherein the at least one processor is further configured to change the
determined route of the ridesharing vehicle in response to a detected discrepancy.

178. The system of claim 177, wherein the at least one processor is further configured to reassign at least
one of the plurality of users scheduled to be picked up by the ridesharing vehicle to a different ridesharing
vehicle.

179. The system of claim 165, wherein the at least one processor is further configured to change an

"~ assigned drop-off location of at least one of the passengers in the ridesharing vehicle.

180. The system of claim 179, wherein the at least one processor is further configured to communicate
with at least one mobile communications device associated with the at least one passenger to inform the at

least one passenger about the change in the assigned drop-off location.
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181. A non-transitory computer-readable storage medium storing instructions that, when executed by at
least one processor, cause the at least one processor to perform a method for automatically dispatching
ridesharing vehicles, the method comprising:
storing a capacity threshold for each of a plurality of ridesharing vehicles;
receiving ride requests from a plurality of users;
assigning to a particular ridesharing vehicle the plurality of users for pick up at a plurality of
differing pick-up locations and for delivery to a plurality of differing drop-off locations;
determining a route for the ridesharing vehicle;
receiving at a location remote from the particular vehicle, and based on sensor data transmitted
from the particular vehicle, information indicative of a current number of passengers in the particular
vehicle;
comparing the sensor data from the particular vehicle with the capacity threshold of the particular
vehicle;
determining, based on comparing, whether a number of actual users within the particular vehicle
exceeds a number of users assigned to the particular vehicle; and
reassigning to another vehicle a subsequent user already assigned to the particular vehicle if, from
the sensor data, actual users detected exceeds the number of assigned users.
182. The non-transitory computer-readable storage medium according to claim 181, wherein the sensor
data includes data from at least one of an image sensor, a pressure sensor, a thermal sensor, a proximity
sensor, and a short-range transceiver.
183. An autonomous ridesharing vehicle, comprising:
a plurality of seats for accommodating a number of passengers no greater than a capacity
threshold;
a communications interface configured to wirelessly communicate with a remote server;
at least one sensor configured to detect a current number of passengers in the ridesharing vehicle;
and
at least one processor configured to:
receive from the remote server a route including a plurality of pick-up locations for
picking up users, a number of the users expected to enter the ridesharing vehicle at each pick-up location,
and a plurality of drop-off locations for delivering the users;
determine a discrepancy between an actual number of passengers entering the ridesharing
vehicle at a specific pick-up location and the number of users expected to enter the ridesharing vehicle at
the specific pick-up location; and
inform the remote server of the discrepancy, thereby causing a change in the route of the
ridesharing vehicle.
184. The autonomous ridesharing vehicle of claim 183, wherein the at least one processor is further
configured to request re-assignment of at least one of the plurality of users scheduled to be picked up by

the ridesharing vehicle to a different ridesharing vehicle.
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inventions in this international application, as follows:

1. claims: 1-20

System and method for managing a fleet of ridesharing
vehicles monitoring the capacity of each vehicle.

2. claims: 21-50

System and method for managing a fleet of ridesharing
vehicles predicting pick-up times of several vehicles.

3. claims: 51-71

System and method for managing a fleet of ridesharing
vehicles picking up and dropping off three different users.

4. claims: 72-94

System and method for managing a fleet of ridesharing
vehicles using historical data to predict imminent demand of
ridesharing requests.

5. claims: 95-123

System and method for managing a fleet of ridesharing
vehicles picking up and dropping off multiple users.
Different routes are calculated resulting in different
arrival times.

6. claims: 124-143

System and method for managing a fleet of ridesharing
vehicles calculating the fastest route and reduce
backtracking.

7. claims: 144-164

System and method for managing a fleet of ridesharing
vehicles picking up and dropping off users while avoiding
traffic congestion.

8. claims: 165-182

System and method for managing a fleet of ridesharing
vehicles picking up and dropping off users. The vehicles in
the system have sensors indicating the number of passengers
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inside.

9. claims: 183, 184

Autonomous vehicle with passenger sensor.




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2018/015060
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2012041675 Al 16-02-2012  NONE

WO 2006128946 Al 07-12-2006 CA 2607123 Al 07-12-2006
EP 1877970 Al 16-01-2008
US 2008270204 Al 30-10-2008
WO 2006128946 Al 07-12-2006

WO 2012143300 Al 26-10-2012 AU 2012244829 Al 28-11-2013
AU 2012244830 Al 28-11-2013
EP 2700062 Al 26-02-2014
EP 2700063 Al 26-02-2014
EP 2700277 Al 26-02-2014
JP 2014516441 A 10-07-2014
JP 2014517374 A 17-07-2014
JP 2017050008 A 09-03-2017
JP 2018032427 A 01-03-2018
US 2014038640 Al 06-02-2014
US 2014051465 Al 20-02-2014
US 2015046080 Al 12-02-2015
WO 2012143300 Al 26-10-2012
WO 2012143301 Al 26-10-2012
WO 2012143302 Al 26-10-2012
ZA 201307969 B 28-01-2015
ZA 201307970 B 23-12-2014

US 2015310378 Al 29-10-2015 US 2015310378 Al 29-10-2015
WO 2015166481 Al 05-11-2015

US 2004158483 Al 12-08-2004  NONE

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - description
	Page 55 - description
	Page 56 - description
	Page 57 - description
	Page 58 - description
	Page 59 - description
	Page 60 - description
	Page 61 - description
	Page 62 - description
	Page 63 - description
	Page 64 - description
	Page 65 - description
	Page 66 - description
	Page 67 - description
	Page 68 - description
	Page 69 - description
	Page 70 - description
	Page 71 - description
	Page 72 - description
	Page 73 - description
	Page 74 - description
	Page 75 - description
	Page 76 - description
	Page 77 - description
	Page 78 - description
	Page 79 - description
	Page 80 - description
	Page 81 - description
	Page 82 - description
	Page 83 - description
	Page 84 - description
	Page 85 - description
	Page 86 - description
	Page 87 - description
	Page 88 - description
	Page 89 - description
	Page 90 - description
	Page 91 - description
	Page 92 - description
	Page 93 - description
	Page 94 - description
	Page 95 - description
	Page 96 - description
	Page 97 - description
	Page 98 - description
	Page 99 - description
	Page 100 - description
	Page 101 - description
	Page 102 - description
	Page 103 - description
	Page 104 - description
	Page 105 - description
	Page 106 - description
	Page 107 - description
	Page 108 - description
	Page 109 - claims
	Page 110 - claims
	Page 111 - claims
	Page 112 - claims
	Page 113 - claims
	Page 114 - claims
	Page 115 - claims
	Page 116 - claims
	Page 117 - claims
	Page 118 - claims
	Page 119 - claims
	Page 120 - claims
	Page 121 - claims
	Page 122 - claims
	Page 123 - claims
	Page 124 - claims
	Page 125 - claims
	Page 126 - claims
	Page 127 - claims
	Page 128 - claims
	Page 129 - claims
	Page 130 - claims
	Page 131 - claims
	Page 132 - drawings
	Page 133 - drawings
	Page 134 - drawings
	Page 135 - drawings
	Page 136 - drawings
	Page 137 - drawings
	Page 138 - drawings
	Page 139 - drawings
	Page 140 - drawings
	Page 141 - drawings
	Page 142 - drawings
	Page 143 - drawings
	Page 144 - drawings
	Page 145 - drawings
	Page 146 - drawings
	Page 147 - drawings
	Page 148 - drawings
	Page 149 - drawings
	Page 150 - drawings
	Page 151 - drawings
	Page 152 - drawings
	Page 153 - drawings
	Page 154 - drawings
	Page 155 - drawings
	Page 156 - drawings
	Page 157 - drawings
	Page 158 - drawings
	Page 159 - drawings
	Page 160 - drawings
	Page 161 - drawings
	Page 162 - drawings
	Page 163 - drawings
	Page 164 - drawings
	Page 165 - drawings
	Page 166 - drawings
	Page 167 - drawings
	Page 168 - drawings
	Page 169 - drawings
	Page 170 - drawings
	Page 171 - drawings
	Page 172 - drawings
	Page 173 - drawings
	Page 174 - drawings
	Page 175 - drawings
	Page 176 - drawings
	Page 177 - wo-search-report
	Page 178 - wo-search-report
	Page 179 - wo-search-report
	Page 180 - wo-search-report
	Page 181 - wo-search-report
	Page 182 - wo-search-report

