
ARRANGING STOP LOCATIONS FOR AUTONOMOUS VEHICLES 

CROSS-REFERENCE TO RELATED APPLICATION 

[0001] 	The present application is a continuation of U.S. Patent Application No. 15/689,283, 

filed August 29, 2017, the disclosure of which is incorporated herein by reference. 

BACKGROUND 

[0002] 	Autonomous vehicles, such as vehicles that do not require a human driver, can be used to 

aid in the transport of passengers or items from one location to another. Such vehicles may operate in a 

fully autonomous mode where passengers may provide some initial input, such as a pickup or destination 

location, and the vehicle maneuvers itself to that location. 

[0003] 	When a person (or user) wants to be physically transported between two locations via a 

vehicle, they may use any number of taxi services. To date, these services typically involve a human 

driver who is given dispatch instructions to a location to pick up and drop off the user. Generally these 

locations are worked out via physical signals (i.e. flagging down the driver), a phone call where the user 

explains where he or she actually is, or an in person discussion between the driver and user. These 

services, while useful, generally fail to provide users with exacting information about where a pickup or 

drop off will occur. Furthermore, the exact stop location is typically selected by the driver. This does 

not necessarily translate well into an autonomous vehicle environment, where an appropriate stop 

location may need to be selected without a human driver. 

BRIEF SUMMARY 

[0004] 	One aspect of the disclosure provides a method. The method includes receiving, by one 

or more processors, a request for a vehicle from a client computing device, wherein the request identifies 

a first location; using, by the one or more processors, pre-stored map information and the first location to 

identify a recommended point according to a set of heuristics, wherein each heuristic of the set of 

heuristics has a ranking such that the recommended point corresponds to a location that satisfies at least 

one of the heuristics having a first rank and such that no other location satisfies any other heuristic of the 

set of heuristics having a higher rank than the first rank, the pre-stored map information identifying a 

plurality of pre-determined locations for the vehicle to stop, and wherein the recommended point is one 

of the plurality of pre-determined locations; and providing, by the one or more processors, the 

recommended point to the client computing device for display on a display of the client computing 

device with a map. 

[0005] 	In one example, the at least one heuristic corresponds to the recommended point being 

(1) a previously identified user-preferred location included in a trip history for a user associated with the 

client computing device and (2) within a predetermined walking distance of the first location. In another 

example, the at least one heuristic corresponds to the recommended point being (1) a previous location at 

which a user associated with the client computing device was picked up or dropped off and (2) included 
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in a trip history for the user and the previous location being within a predetermined walking distance of 

the first location. In another example, the at least one heuristic corresponds to the recommended point 

being (1) a predesignated preferred pullover spot for the vehicle according to the map information and (2) 

within a predetermined walking distance of the first location, and the map information identifies a 

plurality of predesignated preferred pullover spots for the vehicle. In another example, the at least one 

heuristic corresponds to the recommended point being (1) a predesignated preferred pullover spot for the 

vehicle according to the map information and (2) within a predetermined walking distance of the first 

location. In another example, the at least one heuristic corresponds to the recommended point being (1) 

within a predetermined distance of a known entrance of a building according to the map information and 

(2) the first location is within a building outline of the map information. In another example, the at least 

one heuristic corresponds to the recommended point being (1) within a predetermined distance of a 

handicapped parking spot according to the map information and (2) within a predetermined walking 

distance of the first location. In another example, the at least one heuristic corresponds to the 

recommended point being within a predetermined distance of a location of a street address corresponding 

to the first location when (1) the first location is a GPS location of the client computing device and (2) 

the GPS location corresponds to a residential area identified in the map information. In another example, 

the at least one heuristic corresponds to the recommended point being a closest predetermined stopping 

location to the first location according to the map information identifying a plurality of predetermined 

stopping locations for the vehicle to pull over. In another example, the method also includes receiving a 

current location of the client computing device; determining a walkable path between the current location 

and the recommended point using the map information; and providing the walkable path for display on 

the map with the recommended point. In another example, the map information identifies a set of 

predetermined locations for the vehicle to stop, and the method also includes identifying a subset of the 

plurality of pre-determined locations that are within a predetermined radial distance of the first location 

and providing the subset for display on the map when a user pans on the map. In another example, the 

method also includes receiving a request for additional pre-determined locations for a new location, 

identifying a second subset of the plurality of pre-determined locations that are within a predetermined 

radial distance of the new location, and providing the second subset for display on the map when a user 

pans on the map. In another example, the map information identifies a set of predetermined locations for 

the vehicle to stop, and the method also includes receiving a current location of the client computing 

device; identifying a subset of the plurality of pre-determined locations that are within a predetermined 

radial distance of the current location; and providing the subset for display on the map when a user pans 

on the map. In this example, the method also includes receiving a request for additional pre-determined 

locations for a new location, identifying a second subset of the plurality of pre-determined locations that 

are within a predetermined radial distance of the new location, providing the second subset for display on 

the map when a user pans on the map. In another example, the method also includes receiving a 
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confirmation message identifying the first location and dispatching a vehicle to pick up or drop off a 

passenger at the first location. 

[0006] 	Another aspect of the disclosure provides a system including one or more server 

computing devices having one or more processors. The one or more processors re configured to receive 

a request for a vehicle from a client computing device, wherein the request identifies a first location; use 

pre-stored map information and the first location to identify a recommended point according to a set of 

heuristics, wherein each heuristic of the set of heuristics has a ranking such that the recommended point 

corresponds to a location that satisfies at least one of the heuristics having a first rank and such that no 

other location satisfies any other heuristic of the set of heuristics having a higher rank than the first rank, 

the pre-stored map information identifying a plurality of pre-determined locations for the vehicle to stop, 

and wherein the recommended point is one of the plurality of pre-determined locations; and provide the 

recommended point to the client computing device for display on a display of the client computing 

device with a map. 

[0007] 	In one example, the at least one heuristic corresponds to the recommended point being 

(1) a previously identified user-preferred location included in a trip history for a user associated with the 

client computing device and (2) within a predetermined walking distance of the first location. In another 

example, the at least one heuristic corresponds to the recommended point being (1) a previous location at 

which a user associated with the client computing device was picked up or dropped off and (2) included 

in a trip history for the user and the previous location being within a predetermined walking distance of 

the first location. In another example, the at least one heuristic corresponds to the recommended point 

being (1) a predesignated preferred pullover spot for the vehicle according to the map information and (2) 

within a predetermined walking distance of the first location, and the map information identifies a 

plurality of predesignated preferred pullover spots for the vehicle. In another example, the at least one 

heuristic corresponds to the recommended point being (1) within a predetermined distance of a known 

entrance of a building according to the map information and (2) the first location is within a building 

outline of the map information. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] 	FIGURE 1 is a pictorial diagram of a system in accordance with aspects of the 

disclosure. 

[0009] 	FIGURE 2 is a functional diagram of the system of FIGURE 1 in accordance with 

aspects of the disclosure. 

[0010] 	FIGURE 3 is an example functional diagram of a control system for a vehicle having an 

autonomous driving mode in accordance with aspects of the disclosure. 

[0011] 	FIGURE 4 is an example representation of map information in accordance with aspects 

of the disclosure. 
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[0012] 	FIGURES 5A-11 are various example screen shots and client computing devices in 

accordance with aspects of the disclosure. 

[0013] 	FIGURE 12 is an example flow diagram in accordance with aspects of the disclosure. 

DETAILED DESCRIPTION 

OVERVIEW 

[0014] 	The technology relates to autonomous vehicles for maneuvering a passenger or 

passengers to a destination, for example taking a trip, autonomously. An important aspect of the 

technology includes actually identifying and serving locations where an autonomous vehicle can stop to 

pick up or drop off a passenger. As an example once a user has "set" a marker for a preferred location, 

the system may use a ranked set of heuristics to surface one or more appropriate stop locations closest to 

that pin. This may involve identifying favorite spots (for this passenger), recent spots, preferred spots (for 

parking the vehicle), or locations near an entrance to a building (or close to a handicapped parking spot 

which can indicate an entrance is nearby) proximate to the pin. The stop locations which are surfaced 

may be safe locations for a passenger to enter/exit the autonomous vehicle and/or may be locations for 

the autonomous vehicle to stop without causing an obstruction. The stop locations may additionally or 

alternatively be locations to which the autonomous vehicle can navigate in a fuel-efficient manner, for 

example by traveling a shorter distance. In many instances, a best location can be identified, but in some 

cases, there will be two or three equally ranked locations. In such cases, a walking path from the pin can 

be displayed for each of the locations at once allowing the passenger to more easily gauge the relevance 

of each location; of course, this may also be done if there is only one location. If none of the 

aforementioned heuristics provide results, the system may simply identify the closest walkable location. 

Once this is completed, the passenger may adjust this location, for instance by panning (picking up the 

pin) the map. While the panning occurs, the system can highlight other potential locations which the 

passenger can select by "dropping" the pin on such locations and ending the panning. 

[0015] 	The features described herein may allow an autonomous vehicle service to identify the 

most useful pickup and drop off locations while at the same time clearly providing context to a passenger 

about such locations. This balances the effort needed for the passenger to get to and from the self-driving 

vehicle with the ability of the vehicle to consistently pull over in locations that are appropriate and 

convenient for the vehicle. 

EXAMPLE SYSTEMS 

[0016] 	FIGURES 1 and 2 are pictorial and functional diagrams, respectively, of an example 

system 100 that includes a plurality of computing devices 110, 120, 130, 140 and a storage system 150 

connected via a network 160. System 100 also includes vehicle 101 and vehicle 101A which may be 

configured similarly to vehicle 101. Although only a few vehicles and computing devices are depicted 

for simplicity, a typical system may include significantly more. 
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[0017] 	As shown in FIGURE 1, each of computing devices 110, 120, 130, 140 may include one 

or more processors, memory, data and instructions. Such processors, memories, data and instructions 

may be configured similarly to one or more processors 112, memory 114, data 116, and instructions 118 

of the one or more server computing devices 110 as discussed further below. 

[0018] 	The memory 114 stores information accessible by the one or more processors 112, 

including instructions 118 and data 116 that may be executed or otherwise used by the processor 112. 

The memory 114 may be of any type capable of storing information accessible by the processor, 

including a computing device-readable medium, or other medium that stores data that may be read with 

the aid of an electronic device, such as a hard-drive, memory card, ROM, RAM, DVD or other optical 

disks, as well as other write-capable and read-only memories. Systems and methods may include 

different combinations of the foregoing, whereby different portions of the instructions and data are stored 

on different types of media. 

[0019] 	The data 116 may he retrieved, stored or modified by processor 112 in accordance with 

the instructions 118. The instructions 118 may be any set of instructions to be executed directly (such as 

machine code) or indirectly (such as scripts) by the processor. For example, the instructions may be 

stored as computing device code on the computing device-readable medium. In that regard, the terms 

"instructions" and "programs" may be used interchangeably herein. The instructions may be stored in 

object code format for direct processing by the processor, or in any other computing device language 

including scripts or collections of independent source code modules that are interpreted on demand or 

compiled in advance. Functions, methods and routines of the instructions are explained in more detail 

below. 

[0020] 
	

The one or more processor 112 may be any conventional processors, such as 

commercially available CPUs. Alternatively, the one or more processors may be a dedicated device such 

as an ASIC or other hardware-based processor. Although FIGURE 1 functionally illustrates the 

processor, memory, and other elements of computing device 110 as being within the same block, it will 

be understood by those of ordinary skill in the art that the processor, computing device, or memory may 

actually include multiple processors, computing devices, or memories that may or may not be stored 

within the same physical housing. In some examples, this computing device may be a user interface 

computing device which can communicate with a user's client device. Similarly, the memory may be a 

hard drive or other storage media located in a housing different from that of computing device 110. 

Accordingly, references to a processor or computing device will be understood to include references to a 

collection of processors or computing devices or memories that may or may not operate in parallel. 

[0021] 	The network 160, and intervening nodes, may include various configurations and 

protocols including short range communication protocols such as Bluetooth, Bluetooth LE, the Internet, 

World Wide Web, intranets, virtual private networks, wide area networks, local networks, private 

networks using communication protocols proprietary to one or more companies, Ethernet, WiFi and 
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HTTP, and various combinations of the foregoing. Such communication may he facilitated by any 

device capable of transmitting data to and from other computing devices, such as modems and wireless 

interfaces. 

[0022] 	In one example, the one or more server computing devices 110 may include a plurality of 

computing devices, e.g., a load balanced server farm, that exchange information with different nodes of a 

network for the purpose of receiving, processing and transmitting the data to and from other computing 

devices. For instance, one or more server computing devices 110 may include one or more server 

computing devices that are capable of communicating with one or more computing devices 310 of 

vehicle 101 (see FIGURE 3) or a similar computing device of vehicle 101A as well as client computing 

devices 120, 130, 140 via the network 160. For example, vehicles 101 and 101A may be a part of a fleet 

of vehicles that can be dispatched by server computing devices to various locations. In this regard, the 

vehicles of the fleet may periodically send the one or more server computing devices location 

information provided by the vehicle's respective positioning systems and the one or more server 

computing devices may track the locations of the vehicles. 

[0023] 	In addition, server computing devices 110 may use network 140 to transmit and present 

information to a user, such as user 122, 132, 142 on a display, such as displays 124, 134, 144 of 

computing devices 120, 130, 140. In this regard, computing devices 120, 130, 140 may be considered 

client computing devices. 

[0024] 	As shown in FIGURE 2, each client computing device 120, 130, 140 may be a personal 

computing device intended for use by a user 122, 132, 142, and have all of the components normally 

used in connection with a personal computing device including a one or more processors (e.g., a central 

processing unit (CPU)), memory (e.g., RAM and internal hard drives) storing data and instructions, a 

display such as displays 124, 134, 144 (e.g., a monitor having a screen, a touch-screen, a projector, a 

television, or other device that is operable to display information), and user input devices 126, 136, 146 

(e.g., a mouse, keyboard, touch-screen or microphone). The client computing devices may also include a 

camera for recording video streams, speakers, a network interface device, and all of the components used 

for connecting these elements to one another. 

[0025] 	Although the client computing devices 120, 130, and 140 may each comprise a full-sized 

personal computing device, they may alternatively comprise mobile computing devices capable of 

wirelessly exchanging data with a server over a network such as the Internet. By way of example only, 

client computing device 120 may be a mobile phone or a device such as a wireless-enabled PDA, a tablet 

PC, a wearable computing device or system, or a netbook that is capable of obtaining information via the 

Internet or other networks. In another example, client computing device 130 may be a wearable 

computing system, shown as a head-mounted computing system in FIGURE 2. As an example the user 

may input information using a small keyboard, a keypad, microphone, using visual signals with a camera, 

or a touch screen. 

-6- 



[0026] 	in some examples, client computing device 140 may be concierge work station used by 

an administrator to provide concierge services to users such as users 122 and 132. For example, a 

concierge 142 may use the concierge work station 140 to communicate via a telephone call or audio 

connection with users through their respective client computing devices or vehicles 101 or 101A in order 

to ensure the safe operation of vehicles 101 and 101A and the safety of the users as described in further 

detail below. Although only a single concierge work station 140 is shown in FIGURES 1 and 2, any 

number of such work stations may be included in a typical system. 

[0027] 	As shown in FIGURE 3, a vehicle 101 (or 101A) in accordance with one aspect of the 

disclosure includes various components. While certain aspects of the disclosure are particularly useful in 

connection with specific types of vehicles, the vehicle may be any type of vehicle including, but not 

limited to, cars, trucks, motorcycles, busses, recreational vehicles, etc. The vehicle may have one or 

more computing devices, similar to computing device 310 containing one or more processors 320, 

memory 330 storing data 334 and instructions 332, and other components typically present in general 

purpose computing devices as discussed with regard to processors 112 and memory 114 above. 

[0028] 	In one example, computing device 310 may be an autonomous driving computing system 

incorporated into vehicle 101 (or 101A). The autonomous driving computing system may capable of 

communicating with various components of the vehicle. For example, returning to FIGURE 3, 

computing device 310 may be in communication with various systems of vehicle 101, such as 

deceleration system 360 (for controlling braking of the vehicle), acceleration system 362 (for controlling 

acceleration of the vehicle), steering system 364 (for controlling the orientation of the wheels and 

direction of the vehicle), signaling system 366 (for controlling turn signals), navigation system 368 (for 

navigating the vehicle to a location or around objects), positioning system 370 (such as GPS receivers for 

determining the position of the vehicle), perception system 372 (including various sensors for detecting 

objects in the vehicle's environment), and power system 374 (for example, a battery and/or gas or diesel 

powered engine) in order to control the movement, speed, etc. of vehicle 300, in accordance with the 

instructions of the memory, in an autonomous driving mode which does not require or need continuous 

or periodic input from a passenger of the vehicle. Again, although these systems are shown as external to 

computing device 310, in actuality, these systems may also be incorporated into computing device 310, 

again as an autonomous driving computing system for controlling vehicle 101. 

[0029] 	The computing device 310 may control the direction and speed of the vehicle by 

controlling various components. By way of example, computing device 310 may navigate the vehicle to 

a destination location completely autonomously using data from the map information and navigation 

system 368. Computer 310 may use the positioning system 370 to determine the vehicle's location and 

perception system 372 to detect and respond to objects when needed to reach the location safely. In order 

to do so, computer 310 may cause the vehicle to accelerate (e.g., by increasing fuel or other energy 

provided to the engine by acceleration system 362), decelerate (e.g., by decreasing the fuel supplied to 
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the engine, changing gears, and/or by applying brakes by deceleration system 360), change direction 

(e.g., by turning the front or rear wheels of vehicle 101 by steering system 364), and signal such changes 

(e.g., by lighting turn signals of signaling system 366). Thus, the acceleration system 362 and 

deceleration system 360 may be a part of a drivetrain that includes various components between an 

engine of the vehicle and the wheels of the vehicle. Again, by controlling these systems, computing 

devices 310 may also control the drivetrain of the vehicle in order to maneuver the vehicle autonomously. 

[0030] 	Computing devices 310 may also include various other components for communicating 

with server computing devices 110 as well as a user or passenger. For instance, computing devices 310 

may include various wireless network connections to enable the computing devices to communicate with 

various computing devices of network 160 including server computing devices 110, for instance. In 

addition, a user or passenger may input information into the computing devices 310 using user inputs 

350, such as a touch screen of an internal electronic display 352, a set of buttons, etc. At the same time, 

in addition to sending information to a user's client computing device over network 160 via the wireless 

network connections 356, computing devices 310 may provide information to a user or passenger of the 

vehicle 101 (or 101A) via an internal electronic display 352 and speakers 354. 

[0031] 	Storage system 150 may store various types of information as described in more detail 

below. This information may be retrieved or otherwise accessed by a server computing device, such as 

one or more server computing devices 110, in order to perform some or all of the features described 

herein. For example, the information may include user account information such as credentials (e.g., a 

user name and password as in the case of a traditional single-factor authentication as well as other types 

of credentials typically used in multi-factor authentications such as random identifiers, biometrics, etc.) 

that can be used to identify a user to the one or more server computing devices. The user account 

information may also include personal information such as the user's name, contact information, 

identifying information of the user's client computing device (or devices if multiple devices are used with 

the same user account), as well as one or more unique signals for the user. 

[0032] 	In addition to information that can be used for identification and authentication purposes, 

the account information may include other information, such as a history of usage of the service. This 

"trip history" may include the dates, times, pick up locations, drop off locations, and destinations of 

previous trips using the service. In some examples, the user account information for a user may include 

"Favorite" spots or previously identified user-preferred locations that the user has saved to his or her 

account identifying preferred pickup or drop off locations for that user. 

[0033] 	The storage system 150 may also store detailed map information may include 

information about roads, crosswalks, buildings, elevations, fire hydrants, construction zones, real time 

traffic conditions, etc. from various sources such as governmental institutions, paid informational 

services, manually entered information, information gathered and provided in real time by autonomous 

vehicles, etc. FIGURE 4 is an example of map information for a map 400. In this example, map 
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information identifies roads 402, 404, buildings 406, 408, and lane lines 410, 412 (only a few of each of 

these features being numbered for simplicity). 

[0034] 	The detailed map information may also include information identifying predetermined 

stopping locations where an autonomous vehicle can stop to pick up or drop off a passenger. For 

instance, map 500 includes predetermined stopping locations 420-424 (only a few of the predetermined 

stopping locations being numbered for simplicity). These predetermined stopping locations may include 

predetermined, reasonable locations where a vehicle could stop selected manually or through some 

analysis of the characteristics of each location. The predetermined stopping locations may also be 

limited to locations within a service area of the autonomous vehicle service. In at least some examples, 

the predetermined stopping locations may include one or more predesignated preferred stopping locations 

426, 428 for the vehicles 101 or 101A which are flagged as being such for reasons related to ease and/or 

efficiency of reaching by the vehicle, ability for the vehicle to stop for longer periods of time, for 

example instead of needing to expend fuel by circling, likelihood of the vehicle being available to safely 

stop, limited or no obstruction of other stopped or parked vehicles or the flow of traffic by the vehicle, 

within a certain distance, such as 50 meters or more or less, of a building or an entrance or exit of the 

building to reduce time spent waiting by the vehicle for a passenger, etc. 

[0035] 	The storage system 150 may also store a set of heuristics that may be used by the server 

computing device 110 to identify a recommended point. For instance, the heuristics may include a set of 

ranked requirements the highest of which may be served to the passenger as a potential location for 

pickup or drop off. For instance, in one example, for a location requested by a passenger ("passenger 

provided location"), the proposed ranking of heuristics may include: 

A favorite spot, chosen either explicitly by the user or implicitly based on the user's 

habits, location that may be included in the passenger's trip history for the service, if there is one 

nearby within x meters walking distance of the passenger provided location. As an example, x 

meters may be 100 meters or more or less. 

• A recent location included in the passenger's trip history, if there is one nearby within x 

meters walking distance of the passenger provided location. 

• A predesignated preferred stopping location (i.e. for the vehicle, not the passenger), if 

there is one nearby within x meters walking distance of the passenger provided location. 

• A predetermined pickup location proximate to a known entrance to a building, if there is 

one nearby within y meters of an outline of a building of the map information, when the 

passenger provided location corresponds to a location within an outline of the building. As an 

example, y meters may be 50 meters or more or less. 

A closest predetermined stopping location to a street address corresponding to the 

passenger provided location when the passenger provided location is a GPS location of a client 
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computing device associated with the passenger and the GPS location corresponds to a 

residential area identified in the map information. 

A closest walkable predetermined stopping location to the passenger provided location. 

[0036] 	Walkable distances may be determined by "straight line" distances between two points 

or may include a distance along a walkable route which may require one or more changes in direction 

between the two points. In this regard, walkable routes may be determined using the detailed map 

information or some other map for this purpose in order to route a passenger along a reasonable walking 

path. In some instances, walkable routes can be limited to routes that do not cross streets or only cross 

certain streets, such as those that are not too wide, historically not too busy, having crosswalks, etc. 

[0037] 	In some examples, details about where a building' s entrances and exits may not be 

included in the map information. However, this information may be inferred by identifying 

predetermined locations that are proximate to handicapped parking spots which are typically located as 

close as possible to building entrances. In that regard, whether there is a handicapped parking spot within 

y distance of the passenger provided location or within z distance, such as 20 meters or more or less, of a 

predetermined stopping location which is within y meters walking distance of the passenger provided 

location, may be additional heuristics which is ranked lower than a predetermined stopping location 

proximate to a known entrance to a building but higher than the otherwise closest walkable 

predetermined location. Alternatively, if the passenger provided location is a pickup location 

corresponding to the passenger's GPS location, this can be converted to an address. The address can be 

used to identify a building, which can then be used to identify nearby handicapped spots and infer the 

locations of entrances or exits. 

[0038] 	As with memory 114, storage system 150 can he of any type of computerized storage 

capable of storing information accessible by the one or more server computing devices 110, such as a 

hard-drive, memory card, ROM, RAM, DVD, CD-ROM, write-capable, and read-only memories. In 

addition, storage system 150 may include a distributed storage system where data is stored on a plurality 

of different storage devices which may be physically located at the same or different geographic 

locations. Storage system 150 may be connected to the computing devices via the network 160 as shown 

in FIGURE 1 and/or may be directly connected to or incorporated into any of the computing devices 110, 

120, 130, 140, 310 etc. 

EXAMPLE METHODS 

[0039] 	In addition to the operations described above and illustrated in the figures, various 

operations will now be described. It should be understood that the following operations do not have to be 

performed in the precise order described below. Rather, various steps can be handled in a different order 

or simultaneously, and steps may also be added or omitted. 

[0040] 	In one aspect, a user may download an application for requesting a vehicle to a client 

computing device. For example, users 122 and 132 may download the application via a link in an email, 
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directly from a wehsite, or an application store to client computing devices 120 and 130. For example, 

client computing device may transmit a request for the application over the network, for example, to one 

or more server computing devices 110, and in response, receive the application. The application may be 

installed locally at the client computing device. 

[0041] 	The user may then use his or her client computing device to access the application and 

request a vehicle. As an example, a user such as user 132 may use client computing device 130 to send a 

request to one or more server computing devices 110 for a vehicle. As part of this, the user may identify 

a pickup location, a destination location, a pickup location and a drop off location. In this regard, the 

drop off location may be a physically different location from a destination location. 

[0042] 	A user or passenger may specify a pick up and destination location in various ways. As 

an example, a pickup location can be defaulted to current location of the passenger's client computing 

device, but may also be a recent or saved location near the current location associated with the 

passenger's account. The passenger may enter an address or other location information, tap a location on 

a map or select a location from a list in order to identify a pickup and/or destination location. For 

instance, the client computing device 120 may send its current location, such as a CPS location, to the 

one or more server computing devices 110 via network 160. In response, the one or more server 

computing devices 110 may identify a relevant map arca from the map information of storage system 150 

and send this map to the client computing device 120 for display as shown in FIGURE 5A. 

[0043] 	In this example, marker 524 represents the estimated location of the client computing 

device 120 as displayed on map 528. A passenger uses his or her finger 522 to tap on a location of a map 

appearing on the display 124. Marker 526 of FIGURE 5B represents the location of this tap. 

Alternatively, the passenger may select a location from a list in order to identify a pickup and/or 

destination location as shown in FIGURE 5C. In this example, the passenger may selected from saved 

locations via tab 530, recent locations via tab 540, or enter a new location via the search tab 550. The 

saved and recent locations may be stored by the application locally at the client computing device 120 or 

may be requested from the one or more server computing devices 110. In this regard, the one or more 

server computing devices 110 may retrieve the information from the passenger's account information at 

the storage system 150 and provide it to the client computing device 120. The selected pickup or drop 

off location (corresponding to the current location of the client computing device or another location 

specified by the passenger), may then be provided to the one or more server computing devices 110 by 

the application of the client computing device 120 via network 160. 

[0044] 	Once the one or more server computing devices 110 have received the selected location, 

the one or more server computing devices 110 may provide a suggestion or recommended pickup or drop 

off point. In order to do so, the one or more server computing devices may access the map information 

and the set of heuristics of storage system 150 to identify a recommended point. In other words, give the 
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selected pickup and/or destination location, the one or more server computing devices may identify a 

predetermined stopping location using the heuristics. 

[0045] 	In the example heuristics provided above, if there is a Favorite spot saved in this 

particular passenger's account that is within 100 meters of the selected location, the one or more server 

computing devices may identify this Favorite spot as the recommended point. If not, the one or more 

server computing devices may determine whether there is a recent pick up or drop off location in the 

passenger's trip history that is within 100 meters of the selected location. If so, the one or more server 

computing devices may identify this recent location as the recommended point. If not, the one or more 

server computing devices may determine whether there is a preferred pullover spot within 100 meters of 

the selected location. If so, the one or more server computing devices may identify this preferred 

pullover location as the recommended point. If not, the one or more server computing devices may 

determine whether there is a predetermined stopping location within 50 meters of a known entrance to a 

building. If so, the one or more server computing devices may identify the predetermined stopping 

location within 50 meters of the known entrance as the recommended point. If not, as a default, the one 

or more server computing devices may identify a closest walkable predetermined stopping location to the 

requested location as discussed above. 

[0046] 	The one or more server computing devices may then provide a notification to the client 

computing device including a recommended point identified using the heuristics as discussed above. A 

recommended point, shown as marker 602 in FIGURE 6, may be sent with a map of the area (or 

displayed on a previously provided map) around the point such that the recommended point is presented 

on the map on a display of the passenger's client computing device 120. In this example, the 

recommended point corresponds to predetermined pickup location 424 of map 400 of FIGURE 4. If the 

recommended point is a pickup location as in the example of FIGURE 6, the map 528 may also include 

the marker 524 identifying a current location of the passenger's client computing device to give context 

to the passenger of the relative positions of the recommended point and the passenger's current location 

(presuming it corresponds to that of his or her client computing device 120). 

[0047] 	When generating the map for display, the zoom level of the map may be chosen so that 

the recommended point is clearly visible in relation to the initially requested pick up or drop off location. 

In some instances, the passenger may be selecting a location using the map as discussed above. When 

this occurs, once the user initially places a marker or identifies a location to denote a selected pickup or 

drop off location, the zoom level of the map may be adjusted in order to display both the requested 

location and the recommended point or recommended points. This may include zooming in to show a 

reasonable level of detail around the requested location and the recommended point, or zooming out if 

the map is zoomed in too much and the recommended point would otherwise have been off screen. 

Alternatively, the map could be automatically zooming out further to display multiple options, but there 

is a tradeoff between showing a wide area and enough detail or context with respect to the recommended 
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point such that the passenger is able to he reasonably apprised of the details of the area. if the map is 

zoomed such that the passenger is able to view both the requested location and the recommended point, 

the zoom level of the map need not be adjusted. In all such cases, the optimal location of the 

recommended point is away from the edges of the screen or towards the center of the display. 

[0048] 	In addition to providing the notification, the one or more server computing devices 110 

may also send information identifying all predetermined stopping locations within a predetermined radial 

distance or a radius of a predetermined distance n, such as 300 meters or more or less, to the client 

computing device 120. As an example, this radius may be measured from the location of the client 

computing device (e.g. marker 524), the recommended point (e.g. marker 602), or both. If both, the 

server computing devices 110 may send all of the predetermined stopping locations within each of the 

circles. 

[0049] 	By sending these additional predetermined stopping locations, if the passenger chooses 

to move a marker corresponding to the recommended point relative to the map, such as moving the 

marker by panning on the map, the client computing device may surface all or some of these identified 

predetermined pickup locations. For instance, turning to FIGURE 6, the passenger is using his or her 

finger 522 to pan on the map 528. This allows the passenger to see all nearby predetermined stopping 

identified from the map 400, including, for example, predetermined stopping locations 702-706 (only a 

few being numbered for simplicity), and compare the usefulness, ease of accessibility, and placement of 

those locations to that of the current location of the client computing device or marker 524. In order to 

do so smoothly, each time the user pans, the client computing device may request additional 

predetermined pickup locations using the predetermined distance n relative to the current location of the 

marker (as moved by the passenger's finger 522). 

[0050] 	Each time the passenger stops the panning, the passenger may be considered to have 

"dropped" a new marker at the center of the map ash shown in FIGURE 8. In this way, the 

predetermined stopping location closest to the marker may be selected as the pickup or drop off location 

for a trip. In FIGURE 8, the closest predetermined stopping location corresponds to stopping location 

420 of FIGURE 4. At the same time, the client computing device 120 may request a walkable path from 

the one or more server computing devices which may provide the walkable path. In this regard, a 

walkable path 902 may be between the client computing device's current location (e.g. marker 524) and 

the selected pickup location (e.g. marker 802) as shown in FIGURE 9 or the selected drop off location 

and the destination depending on the situation. Alternatively, the walkable path may be determined 

locally at the client computing device 120 using the map information provided by the one or more server 

computing devices. The walkable path may be drawn between the new location of the marker and the 

location marker. 

[0051] 	In addition as noted above, while the passenger is selecting a drop off location and/or 

once the vehicle has reached the drop off location, the display may include a walkable path between the 
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recommended point and the location marker again to give the user context. This walkable path may he 

generated by the one or more server computing devices using the map information. For ease of 

understanding, the walkable path may be displayed as a series of "dots" or other markers between the 

drop off location and the destination as shown in FIGURE 9. The series of dots may be displayed at once 

or in an animation (as if the dots were appearing to lead the passenger towards the destination). To avoid 

clutter on the display, the walkable dots may be displayed as the same size, relative distance between one 

another (with respect to the display, not the features in the map), and at the same speed no matter what 

the zoom level. If selecting the drop off location, the passenger may then select the recommended point 

as a pickup or destination location and initiate (or continue as the case may be) a trip. If the location is a 

pickup location, the server may then dispatch a vehicle to the selected location to pick up the passenger 

for a trip. 

[0052] 	In addition. specific areas of the destination, if known, may be highlighted. For instance, 

the passenger may "re-route" the walkable path between the drop off location different entrances of a 

building with multiple entrances such as a mall or museum. This may allow the passenger greater 

context about different drop off locations when selecting a destination and provide walkable directions 

that are actually helpful to the passenger once the vehicle reaches the drop off location. 

[0053] 	In addition to displaying nearby predetermined stopping locations when panning the 

map, the client computing device may also highlight or display markers for any 

"favorite" spots for this passenger. In this regard, whenever the passenger has stopped panning, any 

nearby favorite spots may be identified with additional markers. For example, as shown in FIGURE 10, 

predetermined stopping location 426 is depicted with a marker 1002 to indicate to the passenger that this 

predetermined stopping location corresponds to a favorite. These favorite spots may correspond to 

locations that were previously saved by the passenger in his or her account and may be used to determine 

how to initially center the map. 

[0054] 	For instance if a passenger saves a marker for a favorite at his or her office building, with 

the name "WORK" and later opened the application while the passenger's client computing device was 

proximate to (i.e. within 50 meters or more or less) of that marker, the application may display "WORK" 

in the location box at the top of the application and center the map around that favorite (here marker 

1102) instead of centering the map on whatever location to which the current location of the passenger's 

client computing device 120 would have reverse geocoded (e.g. marker 524) as shown in FIGURE 11. 

In this example, a walkable path is also displayed between the location of the client computing device 

and the favorite. In addition, the favorite spot may be used when identifying possible pickup locations 

using the heuristics discussed above. This may provide a more stable experience for the passenger over 

the course of several trips because the available pickup locations are probably similar to what was 

available to the passenger at the time the favorite spot was saved by the passenger. 
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[0055] 	in addition, when selecting pickup and drop off locations, the one or more server 

computing devices may use how that input location was specified by the passenger as an indication for 

adjusting the rankings of the heuristics. In other words, the one or more server computing devices may 

consider whether the map was positioned explicitly by a human (such as panning the map to a specific 

point or tapping a GPS button which centers the map on the location, e.g. GPS location, of the client 

computing device) or the position was determined by some other interaction (such as tapping a GPS 

button which centers the map on the location, e.g. GPS location, of the client computing device, tapping a 

search result, building with several businesses or entrances, a large area such as a public park„ etc.). In 

the former case, the one or more server computing devices may put more emphasis on the exact location 

the passenger has positioned the map and focus on finding the closest predetermined pickup location. In 

other words, when the passenger is panning around on the map, he or she may see all of the 

predetermined stopping locations so the passenger is basically moving the map to highlight the reachable 

area which he or she prefers. Similarly, if the passenger uses the location button, this may automatically 

set the pickup location to the client computing device's GPS location. 

[0056] 	In the latter case, the passenger may be providing a location with a somewhat "lower 

resolution" or rather, the identification of the location is less clear and precise. the one or more server 

computing devices to figure out which of the surrounding predetermined stopping locations to propose to 

the passenger for pickup or drop off. In the cases where the search result maps to a popular, perhaps 

large, location the one or more server computing devices may suggest areas near known entrances (i.e. 

increasing the ranking of this heuristic). As another example, if a passenger were to use his or her client 

computing device to tap on a business on a map, it is more likely that the passenger would want to go to 

that business. In such an example, the one or more server computing devices may weigh entrance 

oriented suggestions more highly (i.e. increase the ranking of the heuristic related to a predetermined 

pickup location proximate to a known entrance to a building). Alternatively, if the passenger was 

panning on the map manually and stopped with the building at the center, the one or more server 

computing devices may not need to adjust the rankings of any of the heuristics but may provide 

suggestions according to the ranking as discussed above. 

[0057] 	In some instances, more than one recommended point may be identified using the 

heuristics. This may be most likely when using the closest walkable predetermined stopping location. In 

such cases, the multiple recommended points may be displayed simultaneously with alternative walkable 

paths. The passenger may then be required to select one of the recommended points or may simply use 

the panning option to surface other locations as discussed above. 

[0058] 	In some instances, the passenger may even adjust a pickup or drop off location in real 

time. For example, if the passenger is already waiting for his or her vehicle to arrive, the passenger may 

be able to identify the best available location for the vehicle to stop simply by observing his or her 

environment and using his or her client computing device to communicate this to the vehicle's computing 
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devices. Again, by allowing the passenger to pan the map as discussed above, he or she can indicate 

locations corresponding to the best location as the passenger sees it in the real world in real time and 

communicate that information to the vehicle's computing devices quickly and easily. The map may at the 

same time provide some visual guidance to the passenger as to the general area the vehicle's computer 

devices will consider for stopping the vehicle before the user releases the map (i.e. ends the panning) by 

highlighting in some fashion the closest predetermined stopping locations. 

[0059] 	Once the user has selected one or more of a pickup and/or destination locations, the 

client computing device 120 may send the location or locations to one or more server computing devices 

of the centralized dispatching system. In response, the server computing devices 110 may select a 

vehicle 101 or 101A, for instance based on availability and proximity to the passenger. The server 

computing device may then dispatch the selected vehicle to pick up to the user by providing the vehicle 

101 or 101A with the pickup, drop off, and/or destination locations specified by the user. 

[0060] 	The information displayed at the passenger's client computing device by the application 

may change depending on the stage of the trip. As an example, when the passenger is waiting for a 

vehicle, the application on the passenger's client computing device may display a marker for the 

passenger's current location (really, that of the passenger's client computing device), a marker for the 

pickup location, and a marker for the vehicle's current location. Once the passenger enters the vehicle, 

the display may zoom out of the map in order to show a marker for the current location of the vehicle and 

a marker for the drop off location. In addition, as the drop off location may be slightly different from the 

actual destination (i.e. a parking lot versus a building), the destination may also he marked or highlighted 

as well. After the vehicle has stopped at the drop off location, the display may include a marker for the 

drop off location as well as a marker for the destination location. In some instances, a walking path 

between the drop off location and the destination may also be displayed. For all of these examples, the 

display may pan and zoom on the map to appropriately fit the markers as discussed above. 

[0061] 	FIGURE 12 is an example flow diagram 1200 in accordance with some of the aspects 

described above that may be performed by one or more computing devices such as the one or more server 

computing devices 110. At block 1210, a request for a vehicle is received from a client computing 

device, wherein the request identifies a first location. This first location may be a pickup location or a 

destination location for a passenger. Pre-stored map information and the first location are used to 

identify a recommended point according to a set of heuristics at block 1220. Each heuristic of the set of 

heuristics has a ranking such that the recommended point corresponds to a location that satisfies at least 

one of the heuristics having a first rank and such that no other location satisfies any other heuristic of the 

set of heuristics having a higher rank than the first rank. The pre-stored map information identifying a 

plurality of pre-determined locations for the vehicle to stop, and the recommended point is one of the 

plurality of pre-determined locations. The recommended point is provided to the client computing device 

for display on a display of the client computing device with a map at block 1230. 
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[0062] 	Unless otherwise stated, the foregoing alternative examples are not mutually exclusive, 

but may be implemented in various combinations to achieve unique advantages. As these and other 

variations and combinations of the features discussed above can be utilized without departing from the 

subject matter defined by the claims, the foregoing description of the embodiments should be taken by 

way of illustration rather than by way of limitation of the subject matter defined by the claims. In 

addition, the provision of the examples described herein, as well as clauses phrased as "such as," 

"including" and the like, should not be interpreted as limiting the subject matter of the claims to the 

specific examples; rather, the examples are intended to illustrate only one of many possible 

embodiments. Further, the same reference numbers in different drawings can identify the same or similar 

elements. 
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CLAIMS 

1. A method comprising: 

receiving, by one or more processors, a request for a vehicle from a client computing device, 

wherein the request identifies a first location; 

using, by the one or more processors, pre-stored map information and the first location to 

identify a recommended point according to a set of heuristics, wherein each heuristic of the set of 

heuristics has a ranking such that the recommended point corresponds to a location that satisfies at least 

one of the heuristics having a first rank and such that no other location satisfies any other heuristic of the 

set of heuristics having a higher rank than the first rank, the pre-stored map information identifying a 

plurality of pre-determined locations for the vehicle to stop, and wherein the recommended point is one 

of the plurality of pre-determined locations; and 

providing, by the one or more processors, the recommended point to the client computing device 

for display on a display of the client computing device with a map. 

2. The method of claim 1, further comprising: 

receiving, by the one or more processors, a confirmation message identifying the first location; 

and 

dispatching, by the one or more processors, a vehicle to pick up or drop off a passenger at the 

first location. 

3. The method of claim 1, wherein the at least one heuristic corresponds to the recommended 

point being (1) a previously identified user-preferred location included in a trip history for a user 

associated with the client computing device and (2) within a predetermined walking distance of the first 

location. 

4. The method of claim 1, wherein the at least one heuristic corresponds to the recommended 

point being (1) a previous location at which a user associated with the client computing device was 

picked up or dropped off and (2) included in a trip history for the user and the previous location being 

within a predetermined walking distance of the first location. 

5. The method of claim 1, wherein the at least one heuristic corresponds to the recommended 

point being (1) a predesignated preferred pullover spot for the vehicle according to the map information 

and (2) within a predetermined walking distance of the first location, and the map information identifies a 

plurality of predesignated preferred pullover spots for the vehicle. 
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6. The method of claim 1, wherein the at least one heuristic corresponds to the recommended 

point being (1) a predesignated preferred pullover spot for the vehicle according to the map information 

and (2) within a predetermined walking distance of the first location. 

7. The method of claim 1, wherein the at least one heuristic corresponds to the recommended 

point being (1) within a predetermined distance of a known entrance of a building according to the map 

information and (2) the first location is within a building outline of the map information. 

8. The method of claim 1, wherein the at least one heuristic corresponds to the recommended 

point being (1) within a predetermined distance of a handicapped parking spot according to the map 

information and (2) within a predetermined walking distance of the first location. 

9. The method of claim 1, wherein the at least one heuristic corresponds to the recommended 

point being within a predetermined distance of a location of a street address corresponding to the first 

location when (1) the first location is a GPS location of the client computing device and (2) the GPS 

location corresponds to a residential area identified in the map information. 

10. The method of claim 1, wherein the at least one heuristic corresponds to the recommended 

point being a closest predetermined stopping location to the first location according to the map 

information identifying a plurality of predetermined stopping locations for the vehicle to pull over. 

11. The method of claim 1, further comprising: 

receiving a current location of the client computing device; 

determining a walkable path between the current location and the recommended point using the 

map information; and 

providing the walkable path for display on the map with the recommended point. 

12. The method of claim 1, wherein the map information identifies a set of predetermined 

locations for the vehicle to stop, and the method further comprising: 

identifying a subset of the plurality of pre-determined locations that are within a predetermined 

radial distance of the first location; and 

providing the subset for display on the map when a user pans on the map. 

13. The method of claim 12, further comprising: 

receiving a request for additional pre-determined locations for a new location; 
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identifying a second subset of the plurality of pre-determined locations that are within a 

predetermined radial distance of the new location; and 

providing the second subset for display on the map when a user pans on the map. 

14. The method of claim 1, wherein the map information identifies a set of predetermined 

locations for the vehicle to stop, and the method further comprising: 

receiving a current location of the client computing device; 

identifying a subset of the plurality of pre-determined locations that are within a predetermined 

radial distance of the current location; and 

providing the subset for display on the map when a user pans on the map. 

15. The method of claim 14, further comprising: 

receiving a request for additional pre-determined locations for a new location; 

identifying a second subset of the plurality of pre-determined locations that are within a 

predetermined radial distance of the new location; and 

providing the second subset for display on the map when a user pans on the map. 

16. A system comprising including one or more server computing devices having one or more 

processors configured to: 

receive a request for a vehicle from a client computing device, wherein the request identifies a 

first location; 

use pre-stored map information and the first location to identify a recommended point according 

to a set of heuristics, wherein each heuristic of the set of heuristics has a ranking such that the 

recommended point corresponds to a location that satisfies at least one of the heuristics having a first 

rank and such that no other location satisfies any other heuristic of the set of heuristics having a higher 

rank than the first rank, the pre-stored map information identifying a plurality of pre-determined locations 

for the vehicle to stop, and wherein the recommended point is one of the plurality of pre-determined 

locations; and 

provide the recommended point to the client computing device for display on a display of the 

client computing device with a map. 

17. The system of claim 16, wherein the at least one heuristic corresponds to the recommended 

point being (1) a previously identified user-preferred location included in a trip history for a user 

associated with the client computing device and (2) within a predetermined walking distance of the first 

location. 
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18. The system of claim 16, wherein the at least one heuristic corresponds to the recommended 

point being (1) a previous location at which a user associated with the client computing device was 

picked up or dropped off and (2) included in a trip history for the user and the previous location being 

within a predetermined walking distance of the first location. 

19. The system of claim 16, wherein the at least one heuristic corresponds to the recommended 

point being (1) a predesignated preferred pullover spot for the vehicle according to the map information 

and (2) within a predetermined walking distance of the first location, and the map information identifies a 

plurality of predesignated preferred pullover spots for the vehicle. 

20. The system of claim 16, wherein the at least one heuristic corresponds to the recommended 

point being (1) within a predetermined distance of a known entrance of a building according to the map 

information and (2) the first location is within a building outline of the map information. 
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