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(57) Abstract: Some embodiments provide a method, for a mobile device,
for controlling an interactive communication system of a vehicle that in-
cludes a display screen. If the display screen is touch-sensitive, the meth-
od provides a first user interface display that includes a first map the
presentation of which is modifiable with touch input received through the
touch-sensitive screen. If the display screen is not touch-sensitive, the
method provides a second user interface display that includes a second
map the presentation of which is modifiable through physical controls
mounted in the vehicle. In some embodiments, if the touchscreen meets a
particular set of characteristics, the first map presentation is directly modi-
fiable with gestural input received through the display screen. If the dis-
play screen does not meet the particular set of characteristics, the first map
presentation is modifiable with different, non-gestural touchscreen input
received through the display screen.
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MAPPING APPLICATION WITH SEVERAL USER INTERFACES

BACKGROUND

Portable media devices, such as smartphones, have the capability to run advanced
mapping and navigation applications (e.g., Apple Maps®, which operates on the iPhone®,
iPad®, and iPad Mini®). Some of these mapping and navigation applications include turn-by-
turn navigation features, which can be helpful while driving. However, interacting with the
mapping and navigation application while driving may be difficult due to the small size of many
mobile devices, and therefore the small size of the various controls on the mobile devices.

In addition, many vehicles include in-car navigation systems. These in-car navigation
systems operate independently of any of the driver’s other devices, and offer a larger and
conveniently positioned screen. However, these in-car navigations systems generally provide a
more limited experience than the more robust mapping applications of the mobile device due to

the inherent limitations of the vehicle.
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BRIEF SUMMARY

Some embodiments of the invention provide an application that generates multiple user
interfaces for display on multiple devices at the same time. In some embodiments, the
application is an integrated mapping and navigation application that runs on a mobile device
(e.g., a smart phone, tablet computer, media player, etc.) and generates both (1) a user interface
for display on the mobile device and (i1) a user interface for display on a screen of a vehicle to
which the mobile device connects. The integrated mapping and navigation application (referred
to below as a mapping application) generates both user interfaces simultancously for
simultaneous output and display.

In addition, the mapping application of some embodiments generates different user
interfaces for display on the screens of different types of vehicles. Some embodiments generate
different user interfaces for each different individual vehicle. On the other hand, some
embodiments generate different user interfaces for categories of vehicle screens, such as high-
quality touchscreens, low-quality touchscreens, and non-touch screens (with which a user
interacts via separate controls built into the vehicle). The mapping application of some
embodiments, when connected to a vehicle, identifies the type of display screen built into the
vehicle, and automatically outputs the correct user interface for the vehicle.

A user of the mapping application may interact with the application via the vehicle
interface as well as the mobile device interface (a touchscreen interface in some embodiments).
Because of the different capabilities of the different interfaces, as well as the differences in likely
user behavior for interactions with the different interfaces, the same operation or type of
operation may be implemented differently between the mobile device interface and the vehicle
interface. For instance, the mobile device may have the capability to interpret multi-touch
gestures (e.g., a pinch gesture to zoom in or out), whereas the vehicle interface may not have
multi-touch capability (or any touch capability), and therefore requires different user interaction
to zoom (e.g., selection of zoom in and zoom out buttons, either on the touchscreen or the
vehicle interface).

Furthermore, because of the different capabilities of the different types of display screens,
a user may interact differently with the application user interfaces displayed on high-quality
touchscreens, low-quality touchscreens, and non-touchscreens. For instance, the interaction for

scrolling through a map on a vehicle touchscreen may involve a similar swiping gesture as to
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scrolling through the map on a mobile device. However, a low-quality touchscreen may not have
the ability to interpret such gestural input, and therefore the user interface for low-quality
touchscreens includes selectable (e.g., via a tap input) arrows for scrolling in different directions.
The non-touchscreen vehicle interface, of course, will require input through other controls (e.g.,
a joystick, buttons, etc.) that are built into the vehicle.

Beyond simply exploring a map (e.g., by scrolling and zooming), the vehicle interface
output by the mapping application provides additional features in some embodiments. In some
embodiments, the vehicle screen interface for the mapping application is geared towards
identifying a destination for a user and entering a navigation mode for a route to that destination,
with as little user interaction as possible (because the user is often the driver). For example,
through the vehicle interface, a user (e.g., the driver of the vehicle, a passenger of the vehicle,
etc.) may search for destinations on the map. The user may search for a specific address, a
specific place name, a generic type of place name, etc. In some embodiments, the user searches
through the vehicle interface via voice interaction (i.c., dictating a search into a microphone of
cither the mobile device or the vehicle). The user can scroll through these results in the vehicle
interface (through touchscreen interactions, built-in vehicle control interactions, etc.), and choose
to enter a navigation mode with a search result as a destination.

In addition, the mapping application of some embodiments offers a predictive routing
feature accessible through the vehicle user interface. While driving, the user can select an option
to enter the predictive routing mode, in which the mapping application presents various likely
routes to the user for navigation. The mapping application may generate the likely routes based
on a variety of factors, including upcoming appointments or events on a calendar or other
scheduling application that runs on the mobile device, analysis of routes taken in the past by the
mobile device (e.g., a route from a user’s home to work). The predictive routing feature may
additionally factor in traffic to identify potential difficulties in a usual route or in reaching a
location on time.

The mapping application of some embodiments also offers a recent locations feature that
provides a user with recent destinations, results of recent searches, etc. Some embodiments
provide secarch results exclusively from recent searches entered or destinations navigated to
through the vehicle interface. On the other hand, some embodiments additionally include search

results from recent searches made through the device, even before the connection of the device to
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the vehicle interface. Thus, if a user searches for a particular destination on her mobile device
while walking to her car, then enters the car and connects her device to the car interface, the
particular destination will appear as a recent and easily selectable search, without requiring the
user to re-enter the search.

Once the user selects a destination, the mapping application enters a turn-by-turn
navigation mode in some embodiments. In this mode, some embodiments output different
displays to the vehicle display and the mobile device display. The vehicle display, in some
embodiments, displays the user’s location and the upcoming route, in either a two dimensional
mode or a three dimensional mode. The application of some embodiments generates this display
from a perspective rendering position within a three dimensional navigation scene, though the
view may be shown from directly above the scene so as to render a two dimensional view. The
user can interact with the vehicle user interface to, e.g., view a list of maneuvers to make for the
route (e.g., a right turn onto a particular street), change between two and three dimensions, and
other interactions. Furthermore, in some embodiments, when the vehicle reaches a location
within a particular threshold of the next maneuver, a portion of the vehicle screen displays a
representation for the maneuver (e.g., an intersection with an arrow that represents the vehicle’s
path through the intersection, as well as text directions for the maneuver). Once the vehicle has
passed through the intersection, the representation of the maneuver disappears from the display
screen of the vehicle. While the vehicle display shows the upcoming route on a map, the mobile
device display of some embodiments subsequently shows a representation for the upcoming
maneuver, irrespective of the distance for the vehicle to travel before making the maneuver.

The preceding Summary is intended to serve as a brief introduction to some embodiments
of the invention. It is not meant to be an introduction or overview of all inventive subject matter
disclosed in this document. The Detailed Description that follows and the Drawings that are
referred to in the Detailed Description will further describe the embodiments described in the
Summary as well as other embodiments. Accordingly, to understand all the embodiments
described by this document, a full review of the Summary, Detailed Description and the
Drawings is needed. Moreover, the claimed subject matters are not to be limited by the
illustrative details in the Summary, Detailed Description and the Drawings, but rather are to be
defined by the appended claims, because the claimed subject matters can be embodied in other

specific forms without departing from the spirit of the subject matters.



10

15

20

25

30

WO 2014/151152 PCT/US2014/025115

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 conceptually illustrates a mapping and navigation application that generates
multiple user interfaces simultancously.

Figure 2 illustrates an example of a mobile device connected to the interface of a vehicle
System.

Figure 3 conceptually illustrates a simplified software architecture for a mapping and
navigation application of some embodiments

Figure 4 conceptually illustrates a process of some embodiments performed by the
mapping application to output a vehicle user interface.

Figure 5 illustrates a first example of a high-quality touchscreen user interface, a second
example of a low-quality touchscreen user interface, and a third example of a non-touch user
interface.

Figure 6 illustrates an additional difference between the high-quality touchscreen
interface and the low-quality touchscreen interface of the mapping application in some
embodiments.

Figure 7 illustrates the high-quality touchscreen vehicle user interface of some
embodiments in which the user navigates through various features of the interface, including the
recent destinations feature, the bookmarked destinations feature, and the predictive routing
feature.

Figure 8 illustrates the use of the search function of some embodiments to identify a
destination and then enter a navigation mode.

Figure 9 illustrates the user of zoom and scroll functionality as well as the position
control to re-center the displayed map region on the device’s current location in the high-quality
touchscreen interface of some embodiments.

Figure 10 illustrates a user exploring a map in both the mapping application interface
displayed on a mobile device as well as the high-quality vehicle touchscreen interface displayed
on the screen of a vehicle to which the mobile device connects.

Figure 11 illustrates various map exploration functions, including zooming, scrolling,
etc. in the low-quality touchscreen interface of some embodiments.

Figure 12 conceptually illustrates a region representing the map view area of the low-
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quality touchscreen user interface.

Figure 13 conceptually illustrates a process performed by the mapping application of
some embodiments in order to translate a selection input into a scroll of the map display for a
low-quality touchscreen vehicle interface.

Figure 14 illustrates an alternative low-quality touchscreen interface of some
embodiments.

Figure 15 illustrates a feature of the scroll arrows of the low-quality touchscreen
interface of some embodiments, in which when as a user holds down a touch input for an
extended period of time over one of the scroll arrows, the map scrolling accelerates.

Figure 16 illustrates the use of scroll arrows to navigate through a list of recents in the
low-quality touchscreen interface of some embodiments.

Figure 17 illustrates the operation of such a non-touchscreen vehicle user interface
according to some embodiments.

Figure 18 illustrates an example of map exploration in a non-touchscreen vehicle user
interface of some embodiments.

Figures 19 and 20 illustrate the search feature of some embodiments in different cases of
ambiguous search terms.

Figure 21 illustrates an example of such a search that produces multiple results.

Figure 22 illustrates the operation of the mapping application search feature for the non-
touchscreen vehicle user interface of some embodiments.

Figure 23 conceptually illustrates a process performed by the mapping application of
some embodiments in order to retrieve search results for a search dictated through the vehicle
user interface.

Figure 24 illustrates an example of a user performing a search within the mapping
application mobile device interface while the mobile device is connected to a vehicle interface.

Figure 25 illustrates the mapping application of some embodiments in which a user
performs a search on the mobile device before connecting the device to the vehicle system, then
accesses the recent destinations on the vehicle interface of the mapping application which now
include the previously-searched destination.

Figure 26 illustrates the mapping application of some embodiments in which a user

performs a search on the mobile device before connecting the device to the vehicle system, then
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opens the mapping application on the vehicle interface.

Figure 27 illustrates three stages of a mapping application in which a user adds a location
to the mapping application from a web browser on the mobile device, which adds the location to
the mapping application table of recent destinations.

Figure 28 illustrates a recent destinations page of some embodiments as the vehicle
displaying the recent destinations page travels over a stretch of road.

Figure 29 illustrates a user utilizing the recents feature on a mobile device of some
embodiments in order to select a destination.

Figure 30 illustrates a user utilizing the recents feature on the vehicle interface of some
embodiments in order to select a destination.

Figure 31 illustrates the use of this predictive routing interface on the high-quality
vehicle touchscreen display of some embodiments in which the user activates the interface and
views several different predicted destinations.

Figure 32 illustrates the same scenario as Figure 31, displayed in the low-quality
touchscreen interface of some embodiments.

Figure 33 illustrates an example of the predictive routing engine of some embodiments
reordering the likelihood of various destinations, and the subsequent effects in the predictive
routing interface.

Figure 34 illustrates another example of changes made by the predictive routing engine
to the order of likely destinations.

Figure 35 illustrates the animation of sliding a conceptual filmstrip with different
predicted routes through the display screen.

Figure 36 illustrates the animation between two predicted route displays when the
displays are arranged conceptually as stacked cards.

Figure 37 illustrates a feature of the predictive routing interface of some embodiments
for entering the turn-by-turn navigation mode of the mapping application.

Figure 38 conceptually illustrates a simplified software architecture of a mapping and
navigation application of some embodiments that operates on a mobile device and performs
predictive routing.

Figure 39 illustrates the vehicle display screen over four stages in which a user activates

a messaging function and dictates a message to a recipient.
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Figure 40 illustrates the operation of the turn-by-turn navigation user interface of some
embodiments for the vehicle display.

Figure 41 illustrates the animation of the direction list in the vehicle interface of some
embodiments.

Figure 42 illustrates a user accessing an overview mode in the vehicle user interface.

Figure 43 illustrates the display of the mobile device during navigation according to
some embodiments.

Figures 44 and 485 illustrate the display of both a mobile device and vehicle Uls of some
embodiments in which the vehicle approaches a first maneuver with a second mancuver
following the first in rapid succession.

Figure 46 illustrates a use of the device interface to request a route from the device’s
current location to a destination location, then the subsequent selection to enter navigation.

Figure 47 illustrates the display and use of controls on the mobile device during
navigation to enter a route overview display.

Figure 48 illustrates a device in power-saving mode as well as the vehicle display screen
to which the device is connected during turn-by-turn navigation.

Figure 49 illustrates the home pages of the mobile device and vehicle displays of some
embodiments while turn-by-turn navigation mode is operational and the vehicle approaches a
maneuver.

Figure 50 illustrates the display outside the mapping application with turn-by-turn
navigation operating according to some embodiments.

Figure 51 illustrates a situation in which the mapping application of some embodiments
in turn-by-turn navigation mode is open on the vehicle display while the mobile device displays
its home page.

Figure 52 illustrates an example of an architecture of a mobile computing device.

Figure 53 conceptually illustrates an example of an electronic system with which some
embodiments of the invention are implemented.

Figure 54 illustrates a map service operating environment according to some

embodiments.
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DETAILED DESCRIPTION

In the following detailed description of the invention, numerous details, examples, and
embodiments of the invention are set forth and described. However, it will be clear and apparent
to one skilled in the art that the invention is not limited to the embodiments set forth and that the
invention may be practiced without some of the specific details and examples discussed.

Some embodiments of the invention provide an application that generates multiple user
interfaces for display on multiple devices at the same time. In some embodiments, the
application is an integrated mapping and navigation application that runs on a mobile device
(e.g., a smart phone, tablet computer, media player, etc.) and generates both (1) a user interface
for display on the mobile device and (i1) a user interface for display on a screen of a vehicle to
which the mobile device connects. The integrated mapping and navigation application (referred
to below as a mapping application) generates both user interfaces simultancously for
simultaneous output and display.

Figure 1 conceptually illustrates such a mapping and navigation application 100 that
generates multiple user interfaces simultancously. In some embodiments, the mapping and
navigation application 100 operates on a mobile device such as a smart phone or tablet device
(c.g., an iPhone®, iPad®, etc.). As shown in this figure, the mapping and navigation application
100 outputs a first user interface 105 to a local display module 110 of the mobile device and a
second user interface 115 to a communication interface 120 with a vehicle.

The local display module 110 of some embodiments handles display of the first user
interface 105 on a display screen of the mobile device on which the mapping application 100
operates. In some embodiments, a user of the mapping application may interact with the mobile
device user interface 105 (e.g., through touchscreen interactions).

The communication interface 120 to the vehicle is an interface for a wired (e.g., USB,
etc.) or wireless (e.g., Bluetooth®, Wi-Fi, etc.) connection with a vehicle electronic system. In
some embodiments, the vehicle may be a car, truck, boat, or other motor vehicle with a display
screen and ability to connect to the mobile device. The vehicle electronic system of some
embodiments includes a display screen through which the second user interface 115 is displayed.
In addition to interacting with the user interface 105 displayed on the mobile device, the user
may also interact with the vehicle user interface 115 through various vehicle controls. These

controls may include a touchscreen and/or various hardware controls (e.g., buttons, knobs,
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joysticks) built into the vehicle.

Many portions of this application describe the mobile device generating a graphical user
interface (or user interface) for the vehicle display screen. In some embodiments, this means that
the mobile device generates a graphical user interface display (i.e., an image or series of images)
which is sent through the connection to the vehicle-resident system for display on the display
screen of the vehicle. The graphical display may be sent as a bitmap in some embodiments, a
different format that requires translation into a displayed image by the vehicle system, or a
combination of bitmaps and different formats.

This display screen, which may be a touchscreen, makes up the vehicle user interface,
possibly along with other controls (e.g., joystick, knob, built-in buttons, trackpad, trackball, etc.).
These various controls receive inputs and send signals to the mobile device indicating the inputs
performed by the user. The mapping application on the mobile device (or the operating system,
which in some embodiments translates the signals from the vehicle) is configured to recognize
these inputs and perform various actions to modify the mapping application graphical display on
the vehicle screen, the mobile device screen, or both. The interface of some embodiments for a
mobile device to communicate with the vehicle in this way is described in further detail in U.S.
Patent Publications 2009/0284476, 2010/0293462, 2011/0145863, 2011/0246891, and
2011/0265003, which are incorporated herein by reference. In addition, this interface of some
embodiments is described in further detail in the following applications: U.S. Provisional Patent
Application 61/832,841, entitled “Device and Method for Generating User Interfaces from a
Template”; U.S. Provisional Patent Application 61/832,842, entitled “Device, Method, and
Graphical User Interface for Synchronizing Two or More Displays”; and U.S. Patent Application
13/913,428, entitled “Application Gateway for Providing Different User Interfaces for Limited
Distraction and Non-Limited Distraction Contexts”. U.S. Applications 61/832,841, 61/832,842,
and 13/913,428 are incorporated herein by reference.

Figure 2 illustrates an example of a mobile device 200 connected to the interface of a
vehicle system. A mapping application operates on the mobile device 200, and outputs both a
first user interface 205 for the mobile device display screen and a second user interface 210 for
the vehicle dashboard display screen 215. The figure illustrates the interior of a vehicle 250, in
which the mobile device 200 connects via a wired connection to the vehicle, and outputs a user

interface for display on a dashboard screen 215 of the vehicle. While this example, as well as
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others to follow, illustrates a single display screen in the vehicle, some vehicles include multiple
screens (e.g., a center dashboard console screen as well as a screen directly in front of the
driver). Some embodiments output only a single user interface to the center dashboard screen in
this case, while other embodiments output the same user interface to multiple screens, and yet
other embodiments output different interfaces to the different screens.

The figure also illustrates a blown-up view of the mobile device 200 and the dashboard
screen 215. As shown, both of these display a map of the same location, but within the context of
different user interfaces. In addition to the map, the mobile device interface 205 of some
embodiments includes several user interface (UI) controls arranged in a top bar 220 and as
floating controls (although other embodiments do not include floating controls and instead
include these controls within either the top bar or a second control bar). The floating controls of
some embodiments include a position control 225 and a 3D control 230, while the top bar 220
includes a direction control 235, a search field 240, and a bookmark control 245.

The direction control 235 opens a page through which a user can request the mapping
application to identify a route (e.g., by accessing a mapping and routing server) between a
starting location and an ending location. Upon receiving a selection (e.g., through a tap gesture)
of a the direction control 235, the mapping application presents a page allowing the user to select
a starting location (e.g., the user’s current location or a different location) and an ending location
for a route. Once a route has been identified that starts at the current location of the device (e.g.,
through the direction control 235 or through a different aspect of the UI 205), some embodiments
enable the user to enter a turn-by-turn navigation mode of the mapping application by selecting a
UI control. In the turn-by-turn navigation mode of some embodiments, the mapping application
presents a view along the seclected route, while also providing instructions for upcoming
maneuvers to perform (e.g., as road signs with both text and graphical instructions). In some
embodiments, the mapping application generates this view from a perspective rendering position
within a three dimensional navigation scene that the device renders.

In some embodiments, the user can initiate a search by tapping in the search field 240.
This directs the application to present an animation that (1) presents an on-screen keyboard and
(2) opens a search table with various completions for the user’s search entry. When the search
field is empty (e.g., because the user has not yet entered any search terms), the table contains a

list of “recents”, which in some embodiments are recent searches and/or route directions that the

11



10

15

20

25

30

WO 2014/151152 PCT/US2014/025115

user (or a different user of the mapping application on the mobile device 200) has previously
requested. In some embodiments, the recents list may also include addresses searched for or
added from other applications on the mobile device (e.g., a web browser), received via various
different forms of messaging (e.g., SMS messages, e-mail, etc.), recently accessed contacts, or
other mechanisms. After any edit in the search field 240, the mapping application fills the table
with search completions both from local sources (e.g., bookmarks, contacts, recent searches,
recent route directions, etc.) and remote servers. In addition to searching through the search field
240, in some embodiments users can activate a voice recognition feature of the mobile device in
order to perform searches within the mapping application.

The bookmark control 245 allows location and routes to be bookmarked by the
application. Through various aspects of the mapping application user interface, a user can add a
location or a route as a bookmark. For instance, a user can select a location (e.g., a place of
business) on the map to cause the application to present an information screen for the location
that, along with various information, includes a selectable control for adding the location as a
bookmark.

The position control 225 allows the current position of the device to be specifically noted
on the map, as is the case in this figure. Once the position control is selected in some
embodiments, the application maintains the current position of the device in the center of the
map as the device moves. In some embodiments, the position control can also be used to direct
the application to identify the direction to which the device is currently oriented. The mapping
application of some embodiments identifies the location of the device using coordinates (e.g.,
longitudinal, latitudinal, and altitudinal coordinates) in a GPS signal that the device receives.
Alternatively or conjunctively, the mapping application (or a separate application or operating
system of the device) uses other methods (e.g., cell tower triangulation) to compute the current
location.

The 3D control 230 is a control for viewing the map or inspecting a route in three
dimensions. The mapping application provides the 3D control as a quick mechanism for entering
or exiting a 3D mode. This control also serves as (1) an indicator that the current map view is a
3D view and (2) an indicator that a 3D perspective is available for a given map view (e.g., a map
view that is zoomed out might not have a 3D view available).

Some embodiments additionally include a page curl control 255 that allows the

12
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application to minimize the number of on-screen controls, by placing certain less frequently used
actions in a secondary Ul page, which is accessible through the “page curl” control displayed on
the map. The page curl indicates the location of another set of controls that are conceptually
located “behind” the map view. These controls, in some embodiments, include selectable
controls to drop a pin, show traffic on the map, print a map, or select different map types (e.g.,
satellite, standard, or a hybrid map type).

The above described the Ul output by the mapping application for display on the mobile
device 200. In addition, the mapping application outputs (i.e., generates for display) a Ul for
display on the vehicle dashboard screen 215. In some embodiments, this second Ul provides a
subset of the functionalities of the first mobile device UI, and is designed to focus the user
towards identifying a navigation destination with minimal touch interaction, as the user will
often be the driver of the vehicle.

The vehicle user interface 210 includes, in addition to the map, several Ul controls
arranged in a top bar 260, and a home button 265 located within a lower information bar 270. As
will be described below, the vehicle user interface 210 is dependent, in some embodiments, on
the type of user interface provided by the vehicle. Some embodiments generate different user
interfaces for each different individual vehicle make or model. On the other hand, some
embodiments generate different user interfaces for categories of vehicle screens, such as high-
quality touchscreens, low-quality touchscreens, and non-touch screens (with which a user
interacts via separate controls built into the vehicle). The mapping application of some
embodiments, when connected to a vehicle, identifies the type of display screen built into the
vehicle, and automatically outputs the correct user interface for the vehicle. In the case of Figure
2, the high-quality touchscreen interface of some embodiments is displayed.

The lower information bar 270 is designed to implement certain features of the mobile
device user interface outside of the mapping application. In fact, in some embodiments, the
lower information bar 270 is generated by the device operating system for the vehicle display
rather than by the mapping application. As shown, the lower information bar 270 includes
features also included in an upper information bar 275 of the mobile device user interface,
including a clock 280, a battery charge indicator 285, and a connection indicator 290. The clock
280 indicates a current time, the battery charge indicator 285 indicates an amount of battery

charge remaining for the mobile device, and the connection indicator 290 indicates a network
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connection of the mobile device (e.g., LTE, Wi-Fi, etc.).

The home button 265 of some embodiments is designed to replicate the functionality of
the physical home button 295 of some embodiments, which enables the user of the mobile device
to exit an application and return to a home page of the device. Similarly, in some embodiments,
the user can touch the home button 265 to return to a home page of the vehicle user interface,
which in some embodiments is also generated by the mobile device 200 (e.g., by the operating
system of the mobile device). The home page of the vehicle user interface, as will be described
below, displays a set of controls for opening a set of applications available through the vehicle
interface (e.g., phone, messages, music, and other applications that run on the mobile device and
are available through the vehicle interface). In some embodiments, when the user selects the
home button 265, the mobile device displays these controls (e.g., above the mapping application
interface) without exiting the mapping application. The user can then select one of the
application controls or dismiss the set of controls by either waiting a short period of time or
selecting a location within the mapping application.

In some embodiments, the mobile device 200 displays the same application on both the
vehicle display 215 and its own display in most situations. For example, when the device is
connected to the vehicle system and the user enters the mapping application via the mobile
device, the device 200 also outputs the mapping application UI 210 to the display 215. When a
user selects the home button 295 on the mobile device, the Ul output to the display screen 215
exits the mapping application as well.

The top bar 260 of some embodiments is translucent and includes a search control 261, a
recents control 262, a bookmarks control 263, a predictive routing control 264, a position control
266, and zoom controls 267 and 268. In addition, different user interfaces for different types of
vehicles may include different controls (e.g., different zoom controls), or a completely different
arrangement of controls (e.g., for non-touch interfaces).

The search control 261 of some embodiments directs the application towards a search
functionality. Unlike the mobile device search control 240, the search functionality accessed
through the vehicle interface 210 does not include a typing function. Instead, searching is done
through voice recognition. When the user selects search control 261, the application presents an
interface that prompts the user to speak into a microphone of either the mobile device or the

vehicle. Based on the search term(s) dictated by the user, the mapping application either (1)
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presents the user with several selectable options for a search or (2) identifies a requested
destination or destinations and presents the destination(s) on the map. For instance, if a user
dictates a unique address or business name, the application automatically displays the requested
location on the map display. On the other hand, when the user dictates an ambiguous destination
(e.g., “Bobby’s House”, where there are multiple contacts named Bobby), the user interface
provides two or more options for the user to select. In addition, when the user dictates a generic
request (e.g., “hotel”), the mapping application of some embodiments may present multiple
destinations on the map, when several destinations that match the generic request are located
nearby.

The recents control 262 of some embodiments directs the application to present a list of
recent destinations, results of recent searches, etc. Unlike the mobile device Ul, the recents list of
some embodiments for the vehicle interface does not provide routes from one location to
another, because the vehicle interface is primarily designed for identifying a destination to which
to navigate from the current location of the vehicle and device. Some embodiments provide
search results exclusively from recent searches entered or destinations navigated to through the
vehicle interface. On the other hand, some embodiments additionally include search results from
recent searches made through the device, even before the connection of the device to the vehicle
interface. Thus, if a user searches for a particular destination on her mobile device while walking
to her car, then enters the car and connects her device to the car interface, the particular
destination will appear as a recent and easily selectable search, without requiring the user to re-
enter the search through the search control 261.

The bookmarks control 263 of some embodiments is similar to the bookmarks control
245 of the device interface, in that it enables access to a list of bookmarked locations. Again, as
with the recents list, the bookmarks list of some embodiments only provides bookmarked
destinations, and does not provide routes. In some embodiments, the bookmarked destinations
are those bookmarked on the mapping application running on the mobile device. In other
embodiments, the mapping application Ul displayed on the vehicle screen includes the ability to
add a destination to the bookmarks.

The predictive routing control 264 enables access to a predictive routing display of the
mapping application, in which the mapping application presents various likely routes to the user

for navigation. The mapping application may generate the likely routes based on a variety of
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factors, including upcoming appointments or events on a calendar or other scheduling
application that runs on the mobile device, or analysis of routes taken in the past by the mobile
device (e.g., a route from a user’s home to work). The predictive routing feature may
additionally factor in traffic to identify potential difficulties in a usual route or in reaching a
location on time. In some embodiments, the application presents the likely routes with a
navigation view on one portion of the display and information about the route (including
estimated arrival time, metadata about the source of the route, etc.) on a second portion of the
display, with the ability to scroll through the routes.

The position control 266 functions similar to the position control 225 of some
embodiments, in that its selection will cause the mapping application to center the map view on
the current location of the device. However, in some embodiments, the position control does not
include an additional feature of enabling the user to identify the orientation of the vehicle.
Instead, some embodiments automatically orient the map based on the direction of travel of the
vehicle, or provide a setting through which the user enables this automatic orientation of the
map. Other embodiments automatically orient the map with north facing up irrespective of the
vehicle travel direction.

In this case, the map view is centered on the position indicator 269 that indicates the
current location of the device. Some embodiments disable the position control when the map
view is centered on the position indicator. As such, the position control 266 is displayed in
grayed-out fashion, to indicate its current disabled state. Figure 9 below illustrates the enabling
of the position control as the user moves the map region so that the position control is no longer
centered.

The zoom controls 267 and 268 enable the user to zoom in (with control 267) and out
(with control 268) of the map view in some embodiments. In addition to zooming to explore the
map view, users may also scroll through the map region. In some embodiments of the mapping
application, the scrolling and zooming features differ for different types of vehicle interfaces
because of the different capabilities of the different types of display screens. For instance, UI 210
is a high-quality touchscreen interface, and the user scrolls the map view via swipe, or drag,
gestures. However, a low-quality touchscreen may not have the ability to interpret such gestural
(i.e., touch movement) input, and therefore the user interface for low-quality touchscreens

includes selectable arrows for scrolling in different directions. Rather than zoom controls 267
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and 268, some embodiments present a different control that the user selects to activate the
selectable arrows as well as zoom controls similar to those for the high-quality touch interface
210. The non-touchscreen vehicle user interface, of course, requires input through other controls
in order to zoom and scroll. These other controls may include a joystick, trackball, various
buttons, ctc. that are built into the vehicle.

As indicated, many of the features of the vehicle UI 210 are designed to enable the user
to select a destination for navigation. Once the user selects a destination, the mapping application
enters a turn-by-turn navigation mode in some embodiments. In this mode, some embodiments
output different displays to the vehicle display and the mobile device display. The vehicle
display, in some embodiments, displays the user’s location and the upcoming route, in either a
two dimensional mode or a three dimensional mode. In some embodiments, the mapping
application generates this view from a perspective rendering position within a three dimensional
navigation scene that the device renders. This perspective rendering position is adjustable in
some embodiments and can be viewed as a virtual camera that can capture the three dimensional
navigation scene from a variety of different perspectives (e.g., from a variety of different
positions and orientations). Accordingly, in some embodiments, the turn-by-turn navigation
presents an animated rendering of a navigated route rendered from the vantage point of a virtual
camera that traverses along the direction of the route based on the traversal direction and speed
of the vehicle to which the device is connected. In some embodiments, this direction and speed is
captured by data (e.g., GPS data, triangulated cell tower data, etc.) associated with the device.

The user can interact with the vehicle user interface to, ¢.g., view a list of maneuvers to
make for the route (e.g., a right turn onto a particular street), change between two and three
dimensions, and other interactions. Furthermore, in some embodiments, when the vehicle
reaches a location within a particular threshold of the next maneuver, a portion of the vehicle
screen displays a representation for the manecuver (e.g., an intersection with an arrow that
represents the vehicle’s path through the intersection, as well as text directions for the
maneuver). Once the vehicle has passed through the intersection, the representation of the
mancuver disappears from the display screen of the vehicle. While the vehicle display shows the
upcoming route on a map, the mobile device display of some embodiments subsequently shows a
representation for the upcoming maneuver, irrespective of the distance for the vehicle to travel

before making the mancuver.

17



10

15

20

25

30

WO 2014/151152 PCT/US2014/025115

Figures 1 and 2 illustrate examples of a mapping application operating on a mobile
device that outputs both a first Ul for the mobile device and a second Ul for a vehicle to which
the mobile device connects. Several more detailed examples are described below. Section I
describes the different types of vehicle interfaces generated by the mapping application of some
embodiments, while Section II describes map exploration features of these different vehicle
interfaces. Section III then describes the search feature accessible through the vehicle user
interfaces of the mapping application of some embodiments. Next, Section I'V describes a feature
of the vehicle user interfaces of some embodiments for accessing recent destinations, while
Section V describes a predictive routing interface of some embodiments. Section VI describes a
turn-by-turn navigation mode of the mapping application of some embodiments. Section VII
then describes electronic devices that employ the mapping application of some embodiments.
Finally, Section VIII describes location services used by some embodiments of the invention.

L DIFFERENT TYPES OF VEHICLE USER INTERFACES

As described above, the mapping application of some embodiments, in addition to
generating a first user interface for the device on which it operates, also generates different user
interfaces for different types of vehicles to which the device may connect. In some embodiments,
the application categorizes vehicle interfaces into high-quality touchscreen interfaces, low-
quality touchscreen interfaces, and non-touchscreen interfaces. While this description primarily
focuses on these three types of interfaces, one of ordinary skill in the art will recognize that many
different types of interfaces may be generated by some embodiments. For instance, some
embodiments generate a Ul for vehicles that include a touchscreen interface along with
additional hardware controls. In addition, the mapping application of some embodiments
generates different Uls for vehicles with different non-touchscreen controls. Some embodiments,
in fact, generate different Uls for each different make or model of vehicle.

Figure 3 conceptually illustrates a simplified software architecture for a mapping and
navigation application 300 of some embodiments. As with the mapping application 100
described above, the application 300 operates on a mobile device that can be connected to a
vehicle. In some embodiments, the vehicle connection requires a wired connection that
additionally enables charging of the electronic device (e.g., a USB connection). In other
embodiments, the mobile device can connect wirelessly to the vehicle display interface.

As shown, the mapping application 300 includes various mapping and navigation
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functions 305, a local device user interface generator 310, a high-quality vehicle touchscreen
user interface generator 315, a low-quality vehicle touchscreen user interface generator 320, a
non-touch vehicle touchscreen user interface generator 325, and a vehicle user interface selector
340 that uses a vehicle display lookup table 345. In addition, Figure 3 also displays a local
display module 330 and a communication interface 335 for connecting to a vehicle electronic
system. The local display module 330 and the communication interface 335 are also part of the
mobile device on which the mapping application 300 operates, though not part of the mapping
application 300 itself.

The mapping and navigation functions 305 perform a wide variety of mapping and/or
navigation processes for the mapping application. These functions may include identifying map
tiles from which to generate map displays and retrieving the map tiles from a remote server,
matching a device location to a location on a map, storing and retrieving bookmarked or recent
search results, retrieving route information from a server, generating predicted routes based on
analyzing data travel history, data from other applications, etc., generating text and/or graphical
navigation instructions for a route based on the retrieved route information, and other functions.

The local device user interface generator 310 of some embodiments generates the
mapping application Ul for display on the mobile device on which the mapping application 300
operates. In some embodiments, the Ul generator 310 receives a rendered map from the mapping
and navigation functions and adds additional user interface controls (e.g., the floating controls
225 and 230, the controls in the top bar 220, etc.). In other embodiments, the UI generator 310
receives a description of the map to be rendered, adds the overlaid controls, and sends the entire
Ul to a rendering engine for rendering. In addition, the UI generator 310 sends the UI to the local
display module 330 for display on the local display device.

The local display module 330 of some embodiments handles display of the mobile device
user interface of the mapping application. In some embodiments, the mobile device display is a
touchscreen which, in addition to displaying a user interface, accepts touchscreen interactions.
Either the local display module 330 or a separate touchscreen interaction reader receives these
touchscreen interactions and translates the interactions into multi-touch gestures (e.g., one-finger
tap, one-finger double tap, one-finger swipe, two-finger swipe, etc.) at particular locations (e.g.,
coordinates) of the touchscreen. These gestures are sent from the operating system to the

mapping application 300 (e.g., to the local device user interface generator 310 or a separate
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module that translates the gesture and location into an interaction with the displayed mapping
application constructs.

The high-quality vehicle touchscreen user interface generator 315, the low-quality
vehicle touchscreen user interface generator 320, and the non-touchscreen vehicle user interface
generator 325 generate three different user interfaces for display on the screens of different
vehicles (e.g., screens located in the dashboards of the vehicles). As indicated by the names
assigned here to the modules, the mapping application 300 of some embodiments generates a
first user interface for high-quality touchscreens, a second user interface for low-quality
touchscreens, and a third user interface for non-touchscreen displays.

Various differences between the different user interfaces will be described in the sections
to follow, as well as by reference to Figure 5 below. The high-quality touchscreens may not
have the ability to interpret multi-touch gestures, but have a high enough touch resolution to
interpret swipe/drag gestures, whereas the low-quality touchscreens may not be able to provide
reliable swipe/drag gesture data. Some low-quality touchscreens can detect swipes or other
gestures, but without adequate resolution for some interactions. Thus, the low-quality
touchscreen interface may allow gestural inputs for interactions that do not require location data
of the gesture (e.g. swiping between screens), but not for interactions where location of the
gesture is important (e.g., precise positioning of a map). Furthermore, the high-quality
touchscreens may have a greater ability than the low-quality touchscreens to resolve the position
of selection (e.g., tap or double-tap) gestures, and therefore the Ul for high-quality touchscreens
can have selectable items located more closely together.

Each of the vehicle Ul generators 315-325 sends their Uls to the communication interface
335 that connects to the vehicle system. While the figure shows all three modules
communicating with the interface, in some embodiments only one of the Uls will be generated at
a given time, depending on the vehicle to which the device is connected. In some embodiments,
this communication interface is a Universal Serial Bus (USB) interface through which the device
communicates with the vehicle system, as well as through which the device is charged. In other
embodiments, the communication interface may be one of several different interfaces (e.g., USB,
Bluetooth, etc.) depending on how the user chooses to connect the device to the vehicle system.

The mapping application 300 also receives interactions with the vehicle system (i.e.,

touchscreen and/or non-touchscreen interactions) to control the mapping and navigation
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functions through the communication interface 335. In some embodiments, the vehicle system
identifies the location and type of touchscreen gestures (e.g., single or double tap centered at a
particular set of coordinates) and sends this information to the mapping application 300 for its
interpretation with respect to the displayed user interface. In other embodiments, the vehicle
system sends the raw touchscreen data (e.g., pressure data) to the mobile device for translation
into gestures at particular locations. The interactions received through the vehicle interface may
also include non-touchscreen interactions, such as the pushing of specific buttons, joystick
motion, etc.

The vehicle user interface selector 340 identifies which of the three types of vehicle user
interfaces should be generated and communicates this information to both the mapping and
navigation functions 305 and the different user interface generators 315-325. In some
embodiments, the vehicle user interface selector 340 is part of the operating system of the mobile
device rather than part of the mapping application. The vehicle user interface selector 340
receives information about the vehicle display screen through the communication interface 335
(e.g., through a specific communication channel of the interface). This information, in some
embodiments, includes one or more characteristics of the vehicle display screen. These
characteristics, in some embodiments, include whether or not a touchscreen is available, the
latency of the touchscreen (i.e., how quickly is the screen able to process inputs), the touch and
display resolutions of the touchscreen, whether or not the touchscreen is multi-touch capable,
and what type of additional inputs the vehicle includes (e.g., knob, joystick, trackball, number
pad, additional buttons, etc.). Based on the received information, the vehicle user interface
selector 340 uses the vehicle display lookup table 345 to select one of the three types, or
categories, of interfaces for the mapping application to generate. In some embodiments, the
mapping application generates numerous different interfaces that cater to the specifics of the
vehicle displays with greater granularity. For instance, some embodiments generate multi-touch
capable vehicle user interfaces, interfaces for vehicles that include both touchscreen and knob-
type inputs, etc.

As mentioned, in some embodiments, the mapping application 300 only generates one
vehicle user interface, in addition to the local device user interface for display on the mobile
device on which the mapping application operates. Figure 4 conceptually illustrates a process

400 of some embodiments performed by the mapping application to output a vehicle user
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interface. Figure 4 will be described by reference to Figure 5, which illustrates three different
mapping application user interfaces for display on different types of vehicle display screens.
Specifically, Figure 5 illustrates a first example 505 of a high-quality touchscreen user interface,
a second example 510 of a low-quality touchscreen user interface, and a third example 515 of a
non-touch user interface.

As shown, the process 400 begins by detecting (at 405) a connection to a vehicle
interface. In some embodiments, the process is started by the mapping application when the
mobile device on which the application operates connects to the vehicle interface (e.g., by a user
connecting the device with a USB connector) and the mapping application is running on the
device (e.g., running in the background or foreground of the device).

The process then determines (at 410) a vehicle interface type. In some embodiments, the
vehicle does not identify itself as one of three categories (high-quality touch, low-quality touch,
and non-touch), but instead, identifies itself based on the make and model of the vehicle, or the
particular built-in system make and model number. In some embodiments, the mapping
application (or the device operating system) stores a lookup table that identifies, for different
vehicle systems, whether the vehicle has a high-quality touchscreen interface, a low-quality
touchscreen interface, or a non-touchscreen interface.

In other embodiments, the vehicle system identifies properties of its display device (e.g.,
touch latency, touch resolution, display resolution, additional inputs (e.g., knobs, etc.). Based on
the identified properties, the mapping application (or the device operating system) identifies a
type of user interface (e.g., high-quality touch, low-quality touch, non-touch) to generate from a
stored matrix or lookup table.

The process then determines (at 415) whether the interface has a high-quality
touchscreen. As mentioned, in some embodiments, a high-quality touchscreen may not have the
ability to interpret multi-touch gestures, but will have a better touch input resolution than the
low-quality touchscreens. When the vehicle interface has a high-quality touchscreen, the process
generates and outputs (at 420) a high-quality touchscreen vehicle user interface. The process then
ends.

The first example 505 of Figure 5 illustrates such an interface output to a first vehicle by
the mapping application. This first example illustrates two stages 520 and 525 of a high-quality

touchscreen vehicle display. The first stage 520 illustrates a home page user interface 550 of
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some embodiments output by the mobile device operating system when the mobile device is
connected to a vehicle system with a high-quality touchscreen interface. The home page 550
includes a clock 555 and a menu bar 560 that includes several controls. The menu bar 560
includes a phone control 561, a music control 562, a map control 563, a messaging control 564, a
car control 566, and a now playing control 567. In some embodiments, this user interface
includes controls for accessing various applications or functions that operate on the mobile
device that a user is most likely to access while driving.

The phone control 561 enables the user to access the phone application in order to place a
phone call. In some embodiments, selection of the phone control causes the application to
provide an interface for identifying a phone number (e.g., a phone number of a stored contact, of
a place of business, etc.) to call. In some embodiments, the interface prompts the user to dictate
search terms (e.g., a contact name) in order to identify a phone number. Other embodiments
provide a touchscreen interface for navigating through a contacts list, entering a phone number,
etc.

The music control 562 enables the user to access a particular media storage, access, and
playback application (e.g., iTunes®) in order to access media available through the application.
The media may be stored on the device or accessible through the application via a connection to
an associated cloud storage service (e.g., iCloud®). As with the phone UI, the music Ul may
involve touchscreen interaction, voice interaction, or a combination thercof.

The messaging control 564 enables the user to access the messaging application of the
mobile device in order to send a short messaging service (SMS), or text, message. In some
embodiments, much like for the phone application, the Ul for the messaging application is
designed to quickly identify a contact to which to send a text message, via touchscreen
interactions, voice interactions, or a combination thereof. Once one or more recipients have been
identified for the message, in some embodiments the user composes the message by dictation.

The car control 566 enables the user to access a Ul provided by the vehicle manufacturer,
or by the in-vehicle system manufacturer. This is the Ul displayed by default when the mobile
device is not connected to the vehicle system, and varies from one vehicle to the next. The Ul
provided with the vehicle may include options such as a built-in navigation system, access to
satellite radio, AM radio, FM radio, etc., and other functions.

The now playing control 567 enables the user to access any media applications that may
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be operating on the user’s mobile device (e.g., streaming online radio applications, streaming
video applications, etc.). Depending on the application, the mobile device may output different
user interface for different applications. In some embodiments, the media applications may not
have specific Uls for the vehicle display, and the device simply outputs the media while
requiring interaction with the mobile device UL

The map control 563 enables the user to access the mapping application described herein.
The first stage 520 of this example illustrates a user selecting the map control 563 with a touch
selection. The second stage 525 illustrates the resultant mapping application user interface 565
for high-quality touchscreens. This mapping application Ul 565 is the same as the UI 210
described above by reference to Figure 2, and includes the lower information bar in addition to a
search control 571, a recents control 572, a bookmarks control 573, a predictive routing control
574, a position control 576, and zoom controls 577 and 578. The functions of these controls are
described above by reference to Figure 2.

Returning to Figure 4, when the vehicle interface does not have a high-quality
touchscreen, the process determines (at 425) whether the vehicle interface has a low-quality
touchscreen. Low-quality touchscreens, in some embodiments, do not have the ability to
recognize gestural input (e.g., drag/swipe gestures, etc.). This may be due to the vehicle system
not being programmed to recognize such gestures or due to the touchscreen sensors having too
low a resolution to identify such gestures with a reasonable level of accuracy. When the vehicle
interface has a low-quality touchscreen, the process generates and outputs (at 430) a low-quality
touchscreen vehicle user interface. The process then ends.

The second example 510 of Figure 5 illustrates such an interface output to a second
vehicle by the mapping application. This second example illustrates two stages 530 and 535 of a
low-quality touchscreen vehicle display. The first stage 530 illustrates the same home page user
interface 550 as the high-quality touchscreen example 505, output by the mobile device
operating system when the mobile device is connected to a vehicle system with a low-quality
touchscreen interface. Some embodiments include the same home page for the vehicle Ul
irrespective of the quality of the touchscreen. The controls for this home page are described
above by reference to the first example 505. As in that first example, at the first stage 530 the
user selects the map control 563 with a touch selection. The second stage 535 illustrates the

resultant mapping application user interface 570 for low-quality touchscreens. This mapping
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application UI 570 is similar to the high-quality touchscreen interface shown above, with some
differences. The Ul 570 includes the same lower information bar with a home button, as well as
the top bar with a search control 581, a recents control 582, a bookmarks control 583, a
predictive routing control 584, and a position control 586. As opposed to the zoom controls 577
and 578 of the high-quality touchscreen interface 565, the low-quality touchscreen interface 570
includes a zoom and scroll control 587.

In some embodiments, the search control 581, recents control 582, bookmarks control
583, predictive routing control 584, and position control 586 perform the same functions as in
the high-quality touchscreen interface 570, as described above by reference to Figure 2. These
various functions (search by dictation, recent destinations, bookmarked destinations, predictive
routing, current location indication) work in the same manner in both the high-quality
touchscreen user interface and the low-quality touchscreen user interface in some embodiments,
though in other embodiments differences exist between the features. For instance, the high-
quality touchscreen UI for the predictive routing feature allows the user to swipe between
suggested routes, while the low-quality touchscreen UI includes other constructs to enable the
user to change the route shown.

The zoom and scroll control 587, as will be described in greater detail in the following
section, enables the user to access various controls for exploring the map on the vehicle screen.
Because of the unreliability or unavailability of swipe gesture input, the low-quality touchscreen
UI 570 uses different controls for scrolling that are selectable with tap inputs rather than gestural
swipe inputs. In some embodiments, the selection of the zoom and scroll control 587 causes the
application to overlay selectable arrows pointing up, down, left, and right over the map view,
which the user can select in order to scroll the map in the selected direction. In addition, the
application displays zoom in and zoom out controls over the map display that are similar to the
controls 577 and 578 of the high-quality touchscreen interface 565.

Returning again to Figure 4, when the vehicle interface does not have a touchscreen (i.c.,
does not have a low-quality or high-quality touchscreen), then the vehicle interface will have a
non-touch display screen. As such, the process generates and outputs (at 435) a non-touchscreen
vehicle user interface. The process then ends.

The third example 515 of Figure 5 illustrates such an interface output to a third vehicle

by the mapping application. This third example illustrates two stages 540 and 545 of the non-
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touchscreen vehicle display. The first stage 540 illustrates a home menu user interface 575
displayed on the vehicle screen, as well as vehicle hardware controls 580. While this figure
illustrates the vehicle hardware controls 580 located directly below the display screen, different
vehicles may have their controls located in different places. For instance, some embodiments
include controls in the center console between the driver and passenger seats, on the steering
wheel, etc.

In this example, the vehicle hardware controls 580 include a keypad 591, a joystick 592,
as well as several additional buttons located above and below the joystick. These additional
buttons enable the user to access various functions of the vehicle system (e.g., music, phone calls
with a connected phone), as well as navigate a set of menus provided by the vehicle system (e.g.,
to access an in-car navigation system provided with the vehicle). In some embodiments, the
mobile device operating system and/or mapping application leverage these buttons as well as the
joystick for interactions with the user interface provided by the mobile device.

In this and other figures, the joystick 592 is shown with an “OK” button in the center and
four arrows pointing up, down, left, and right. These are illustrated to represent various
interactions that a user can perform with a joystick, trackball, or other directional hardware
control. For instance, with a trackball (or joystick), in some embodiments a user can press
downwards on the trackball to make a sclection, or shift the trackball in one of the four directions
to signal a move (e.g., of a selector) in that direction.

The non-touch user interface home menu 575 output by the mobile device illustrates the
same options as in the touchscreen user interface 550, but arranged differently. In some
embodiments, the vehicle display initially displays only the clock, and the user accesses the
home menu Ul 575 by selecting a menu button 593. The home menu 575 includes a phone
option, music option, map option, messaging option, car option, and now playing option, which
correspond to the controls 560-567 of the touchscreen Ul 550. In some embodiments, the user
can use the joystick 592 (or a trackball, arrow buttons, turnable knob, etc.) to scroll between the
different menu options.

The first stage 540 illustrates that, with the map menu option 594 sclected, the user
performs a selection input by pressing downwards on the joystick 592. This selects the mapping
application, and causes the display of the mapping application non-touch user interface 595 at

the second stage 545. Because the display screen is a non-touch screen, the user interface does

26



10

15

20

25

30

WO 2014/151152 PCT/US2014/025115

not display any controls, and only has the map view and the lower information bar. The lower
information bar, unlike those for the touchscreen Uls 565 and 570, does not include a home
button. Instead, in some embodiments, the user can select a hardware control (e.g., the back or
exit button) to perform the function of the home button. In addition, as will be shown below, in
some embodiments the user selects the menu button 593 to access a list of menu options in order
to perform functions similar to those provided by the various controls 571-576 of the high-
quality touchscreen UI 565 (e.g., search, recents, bookmarks, predictive routing, current location,
etc.).

Figure 6 illustrates an additional difference between the high-quality touchscreen
interface 565 and the low-quality touchscreen interface 570 of the mapping application in some
embodiments. This figure illustrates expanded views of the predictive routing control 574 of the
high-quality touchscreen interface and the predictive routing control 584 of the low-quality
touchscreen interface. The expanded views illustrate the difference in the controls between the
two interfaces. The high-quality touchscreen interface predictive routing control 574 includes an
icon 605 and a buffer region 610 around the icon. Similarly, the low-quality touchscreen
interface predictive routing control 584 includes an icon 615 and a buffer region 620 around the
icon.

The two icons 605 and 615 from the two interfaces are the same; however, the buffer
regions around the icons are not. Specifically, the buffer 620 in the low-quality interface is larger
than the buffer 610 in the high-quality interface. This allows additional leeway in the
touchscreen’s interpretation of a user’s touch selection for the low-quality case. While the
predictive routing control is used as an example, one of ordinary skill in the art will recognize
that the larger touch buffer in the low-quality touchscreen interface may apply to other touch
selectable controls (sometimes called affordances) as well, such as the other controls in the top
bar (e.g., search, bookmarks, recents, etc.), the home button, arrows for stepping through search
results shown below, etc.

1I. MAP EXPLORATION IN DIFFERENT USER INTERFACES

The above section introduced the different mapping application user interfaces output to
vehicle displays. The operations of the mapping application vehicle Uls, including some of the
differences between the Uls for different types of vehicle displays will be described in this

section. Subsection A describes the operation of the high-quality touchscreen UI, while
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subsections B and C describe differences in the operation of the low-quality touchscreen and
non-touchscreen Uls, focusing on the zoom and scroll operations.

A. High-Quality Touchscreen Interface

Figure 7 illustrates six stages 705-730 of the high-quality touchscreen vehicle user
interface 565 in which the user navigates through various features of the interface, including the
recent destinations feature, the bookmarked destinations feature, and the predictive routing
feature. The first stage 705 illustrates the user interface 565 as shown in the previous Figure 5.
In addition, at this stage, a user selects the recents control 572.

The second stage 710 illustrates a resulting recent destinations page 735. The recent
destinations page 735 includes a list of recently searched places of business (Hubcap BBQ
Palace), recently searched geographic locations (San Francisco, Los Angeles), recently
performed searches (Coffee), recent destinations of routes, etc. The various destinations may
have been searched for individually within the mapping application via either the vehicle Ul or
the mobile device Ul, selected on the map view within the mapping application, etc. The items in
the list are individually selectable in order to display a map centered on the selected destination
in some embodiments. In addition, the recent destinations page 735 includes a cancel button 740,
which the user is shown selecting (with a tap selection) in stage 710. The user selects the cancel
button 740 in order to exit the recent destinations page 735 and return to the map view Ul 565, as
shown at the third stage 715.

Also at the third stage 715, the user selects the bookmarks control 573. The fourth stage
720 illustrates a resulting bookmarked destinations page 745. These destinations, unlike those on
the recents page 735, do not change based on recent user activity within the mapping application
(unless that activity specifically adds a destination as a bookmark or removes a destination from
the bookmarks). The bookmarks, in some embodiments, appear as names chosen by the user
(e.g., “Home”), rather than addresses or proper business names, unless those are the names
chosen. As with the recent destinations page 735, the bookmarked destinations page 745 includes
a cancel button 750, which the user is shown selecting (with a tap selection) in stage 720. The
user selects the cancel button 750 in order to exit the bookmarked destinations page 745 and
return to the map view Ul 565, as shown at the fifth stage 725.

Also at the fifth stage 725, the user selects the predictive routing control 574. The sixth

stage 730 illustrates a predictive routing user interface 755, which will be described in greater
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detail in Section V below. The predictive routing Ul 755 displays, in order of likelihood as
computed by a predictive routing engine of the mapping application, one or more likely routes
for the user to follow. The predictive routing engine of some embodiments uses travel history,
contact information, calendar or other appointment-keeping information, traffic information, etc.
to identify likely destinations and optimal routes to the destination.

The predictive routing Ul 755 of some embodiments displays, for each route, a first panel
760 with information about the route and a second panel 765 with a map view of the route. The
information panel 760, in some embodiments, displays a name for the route as well as metadata
about the route. The route name may be based on a destination name identified from contact
information, a calendar appointment name, a business name, an address, a primary road used by
the route, etc. In addition, the metadata shown may include an estimated arrival time (ETA), the
source of the route for the predictive routing engine (e.g., calendar, passbook, travel history,
etc.), whether the destination of the route is a frequent or less traveled destination for the device,
and other information. The map view 765, in some embodiments, displays a map to the
destination with the selected route. In some embodiments, the routing engine factors in traffic
information to select an optimal route to the destination, and may warn a user if a typically-
traveled route has worse traffic than usual.

Each of the above features (recents, bookmarks, predictive routing) is designed to quickly
identify a destination for navigation. In addition, users can use the search control to identify a
destination when the desired result is not available through the more directed options (e.g.,
because the destination is a new destination). Figure 8 illustrates the use of the search function
to identify a destination and then enter a navigation mode over six stages 805-830. The first stage
805 illustrates the user interface 565 as shown in Figure 5. In addition, at this stage, a user
selects the search control 571.

The second stage 810 illustrates a resulting search function page 835. In some
embodiments, the search function available through the vehicle display is a dictation-only (i.e.,
no typing) interface that avoids requiring the driver to type in a desired destination. If a
passenger in the vehicle wants to type in a destination, the passenger can do so through the
mapping application interface displayed on the mobile device in some embodiments.

As shown, the search function page 835 displays a search bar 840 with a cancel button,

and a results regions 845 that initially includes a set of example searches that the user could

29



10

15

20

25

30

WO 2014/151152 PCT/US2014/025115

dictate and a prompt to the user to verbally recite the desired destination. In the third stage 815,
as the user begins speaking, the results region 845 now illustrates a waveform to indicate that the
interface is receiving a voice prompt and a dictation completion control 850 for the user to select
upon completion of the dictation. In some embodiments, the application will either identify the
end of the user’s dictation based on the selection of the completion control 850 or the
identification of a gap of a threshold duration in the user’s speaking. Some embodiments only
use the identification that the user has stopped speaking to end dictation, and do not include the
touchscreen completion control.

In this case, the user has spoken “ABC Deli”, as represented by the megaphone 855
conceptually illustrated next to the display. In some embodiments, the mapping application uses
a microphone in the vehicle to record the audio, but performs the audio analysis for voice
recognition at the mobile device (e.g., using a voice recognition function of the mobile device or
of a server with which the mobile device communicates). In other embodiments, the mobile
device additionally uses its own microphone to record the audio for analysis.

As shown by the automatic (with no touch interaction) transition to the fourth stage 820
in Figure 8, when the search term is unambiguous, some embodiments automatically display the
result in a search result map view page 852. The handling of ambiguous search terms, as well as
additional aspects of the search function, will be described below in Section III. The search result
map view page 852 shows a new map centered on the searched destination, for which the
application displays a pin 857, and selects this pin. When the device’s current location is within
the displayed map region, the application continues to display the position indicator 860. The
mapping application also displays a top information bar 865 and a lower information bar 870.

The search function, in some embodiments, is biased around the current location of the
device. That is, the search function will prefer close destinations (e.g., in the same city as the
current location, within a particular distance of the current location, etc.) rather than those in
other parts of the world. In addition, some embodiments use past destination history to influence
search results, expanding the search range for destinations previously selected by a user. The
search function may also use information such as the contacts information stored on the device.

In this case, only one search result is identified for the search parameters, ABC
Delicatessen. In other cases, the search term may have multiple possible results. For example, a

search for a chain restaurant may yield multiple locations for different franchises of the chain.
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The user may also search for a generic type of location (e.g., bars, restaurants, coffee shops, etc.),
which will often result in multiple possible destinations.

In addition, a specific search may result in ambiguity if the user searches for, e.g.,
“work”, but works multiple jobs. In some embodiments, when the mapping application cannot
identify the specific search term dictated, or another ambiguity arises (such as the two different
“work” locations), the application displays a list of possible search terms from which the user
can choose. In other embodiments, however, the mapping application always identifies one set of
search terms using the voice recognition function of the device.

The top information bar 865 includes two selectable items. In case the user does not like
the search results, the user can either cancel the search to return to the default map view Ul 565
or select a search again control 875 to perform another search. Furthermore, the top information
bar 865 displays the search term or terms spoken by the user and interpreted by the device (in
this case, “ABC Deli”).

The lower information bar 870 includes information about the specific destination
currently selected. In some embodiments, this information, as shown, includes the name and/or
address of the destination and the estimated arrival time of an optimally calculated route to the
destination (3 minutes, in this case, due to the proximity of the destination to the user’s current
location). Furthermore, the lower information bar 870 includes a selectable button 880 for
entering a turn-by-turn navigation mode directed towards the destination.

The fifth stage 825 displays the user selecting the button 880 in order to enter navigation
to the selected destination (ABC Delicatessen). The sixth stage 830 illustrates a navigation mode
user interface 885 of some embodiments. The navigation Ul 885 includes the lower information
bar from the initial map Ul 565 (as provided by the operating system, in some embodiments), a
navigation information bar 888, a navigation map 890, a 3D control 895, and a direction list
control 897. The navigation information bar 888 displays instructions for a next maneuver to
perform along the navigated route, as well as estimated arrival time information (i.e., travel time,
travel distance, and arrival time). The 3D control 895 enables a user to toggle the navigation map
890 between 3D and 2D animation. The 3D control 895 is shown as currently selected at stage
825, and the application displays the navigation map 890 in three dimensions. Some
embodiments automatically select the 3D option upon entering the turn-by-turn navigation mode.

The list control 897 enables the user to access a list of maneuvers for the route. The navigation
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mode will be described in greater detail below in Section VI.

In addition to using the various features that facilitate the identification of a destination
for navigation, users may also wish to explore the map region via the vehicle display screen.
Figure 9 illustrates various user interface actions available in some embodiments to enable such
exploration of the map region. Specifically, over six stages 905-930 of the user interface 565,
Figure 9 illustrates the user of zoom and scroll functionality as well as the position control 576
to re-center the displayed map region on the device’s current location.

The first stage 905 illustrates the high-quality touchscreen vehicle user interface 565,
currently tracking the device’s current location. As mentioned, the mapping application of some
embodiments tracks the current location of the mobile device and by default centers the map
region displayed for the vehicle UI on the position indicator 860. As a result of the display of the
position indicator 860 in the center of the map, the mapping application currently is displaying
the position control 576 in a grayed-out manner to indicate that it has been disabled. In addition,
at this stage, the user selects (e.g., with a single tap input) the zoom out control 578.

The second stage 910 illustrates the map after the mapping application has performed the
zoom out operation on the displayed map region in the vehicle user interface 565. The map view
now shows a larger arca of the map because the mapping application displays it at a different
zoom level, from a conceptual point of reference higher above the map. In some embodiments,
the zoom function on the vehicle display modifies the zoom level by a particular amount (e.g., a
particular conceptual distance from the ground, a particular multiplier to the map scale, etc.). In
addition, some embodiments use an inertial stop animation to slow down and stop the animation
of the map changing zoom level. For example, to transition from the first stage 905 to the second
stage 910, the mapping application zooms out on the map at a particular defined rate, then
gradually slows the zoom animation down to a stop, rather than suddenly stopping the animation.

In some embodiments, the map changes zoom levels by an amount proportional to the
duration for which the user holds the touchscreen input over the zoom in or out control, while
using an inertial stop animation after the user releases the press-and-hold input. Some such
embodiments differentiate between a tap input and a press-and-hold input, so that a tap input
causes the application to change the zoom level of the map a greater amount than would be the
case for a press-and-hold having the short duration of the tap gesture.

In this case, the mapping application zooms the map region about the center of the
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display, which also coincides with the position indicator 860. Some embodiments always center
the zoom about the center of the map, while other embodiments always center the zoom about
the current location of the device. In some embodiments, the mapping application centers the
zoom about the current location when the position indicator is within the displayed map region
and about the center of the displayed map when the position indicator is not within the displayed
map region.

The second stage 910 also illustrates that the user is performing a touchscreen swipe
input to scroll the map to the left (thereby enabling viewing of the map region currently off of the
screen to the right). The third stage 915 illustrates the result of the swipe/drag gesture, with the
mapping application having moved the viewed region of the map rightward enough that the
current location indicator is now off the display screen (to the left). The high-quality touchscreen
user interface of some embodiments resolves all such swipe gestures over the map view to either
up, down, left, or right, while other embodiments calculate the angle of the swipe gesture and
move the map in the calculated direction. In some embodiments, only high-quality touchscreens
allow for this direct manipulation of the map region, allowing drag inputs in which the
movement of the touch input from a first touchscreen location to a second touchscreen location
causes the map location displayed in the first touchscreen location to move to the second
touchscreen location, as though the user was dragging the map itself.

As a result of the manual scrolling of the map, the position indicator 860 is no longer
centered on the map. Thus, the mapping application enables the position control 576, displaying
the control more vividly to indicate that the user can now select it.

The fourth stage 920 illustrates the user selecting the position control 576. As described
above, selection of the position control of some embodiments causes the mapping application to
center the map region about the current location of the device, irrespective of the map region
previously displayed on the map. The fifth stage 925 illustrates that the position indicator 860 is
again displayed in the center of the map region in the Ul 565. In addition, the position control
576 of some embodiments does not cause the mapping application to change the zoom level at
which the map is displayed.

As the user drives and the device moves, some embodiments automatically scroll the map
so that the current location stays centered in the map view. The sixth stage 930 illustrates the Ul

565 after the user has not interacted with the display, but has driven a short distance along the
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current road. The clock has rolled forward to 2:15, and the map display has shifted downwards
so that the device’s current location remains in the center. In some embodiments, the mapping
application only automatically moves the map region along with the current location when the
map view is already centered on the position indicator 860 (i.c., when the user has selected the
position control 576 without subsequently scrolling the map via a swipe gesture).

The previous example illustrates the high-quality touchscreen user interface of some
embodiments, but does not indicate the behavior of the mapping application user interface
displayed on the mobile device on which the mapping application operates. In general, some
embodiments of the mapping application allow independent map exploration on the two user
interfaces, only synchronizing the interfaces once the user performs an action to identify a
possible destination (e.g., performing a search, selecting a recent destination, etc.).

Figure 10 illustrates a user exploring a map in both the mapping application interface
205 displayed on a mobile device 1000 as well as the high-quality vehicle touchscreen interface
565 displayed on the screen of a vehicle to which the mobile device 1000 connects over three
stages 1005-1015. As shown in the first stage 1005, the mapping application is open in both the
mobile device and the touchscreen. In the mobile device user interface 205 and both the vehicle
touchscreen user interface 565, the map region currently displays a region surrounding the
current location of the device, with the current location centered and tracked.

In the first stage 1005, the user performs a leftward swipe gesture over the map region in
the high-quality vehicle touchscreen user interface 565 in order to pan the map to the right. The
second stage 1010 illustrates that the map displayed in the vehicle screen is no longer centered
on the current location of the device, with a different portion of the map region displayed instead.
However, the map region displayed on the mobile device 1000 has not changed. At this stage,
the user performs a pinch multi-touch gesture over the map region displayed on the mobile
device in order to zoom in on the map region. Thus, the third stage 1015 illustrates that the
mobile device user interface 205 displays the map region at a closer zoom level, while the
vehicle user interface 565 does not change from the second to the third stage.

B. Low-Quality Touchscreen Interface

The above section described interaction with the high-quality touchscreen user interface
of some embodiments. Many of these interactions are the same or similar for the low-quality

touchscreen interface in some embodiments. For example, the bookmarks and recents lists only
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require gestural input for scrolling through a list of possible choices, when the list is too
numerous to fit entirely on the screen. Some embodiments therefore place scroll arrows next to
the list for non-gestural (e.g., tap) selection. The search feature does not involve any gestural
input (except in rare instances when the search term is ambiguous, with numerous possibilities
that require scrolling) or high touch sensitivity resolution and therefore this feature is the same
for the low-quality touchscreen interface as the high-quality touchscreen interface.

Scrolling through the map in the high-quality touchscreen interface, however, uses swipe
gestures that some touchscreens may not be able to process accurately. As such, as shown in
Figure 5, the low-quality touchscreen interface of some embodiments uses different interactions
for the map exploration features. Figure 11 illustrates various map exploration functions,
including zooming, scrolling, etc. over seven stages 1105-1135 of the low-quality touchscreen
interface of some embodiments.

The first stage 1105 illustrates the low-quality touchscreen map view user interface 570
of some embodiments, with six controls 581-587 in the upper section. As described above, this
interface 570 is similar to the high-quality touchscreen interface 565 with the difference being
that the upper bar of controls includes a single zoom and scroll control 587 instead of the zoom
controls 577 and 578, and the touchscreen does not recognize swipe gesture inputs to scroll the
map. This may be due to the screen not recognizing movement of touch inputs or because the
latency of the touchscreen is so high as to make direct manipulation of the map view (e.g.,
touchscreen inputs that give the impression of directly dragging the map) too difficult. In
addition, at the first stage, the position indicator 1170 that indicates the current location of the
device is shown at the center of the displayed map region.

The first stage 1105 also illustrates that the user selects the zoom and scroll control 587,
with a tap selection input. As shown at the second stage 1110, this input results in the display of
additional controls within the map view user interface 570. These additional controls include
four scroll arrow controls 1140-11535, position control 586, and zoom controls 1160 and 1165.
The position control 586 is the same position control as in the first stage 1105, but has been
relocated to a different position within the top control bar. As before, the position control 586
enables the user to cause the mapping application to re-center the map view on the device’s
current location. The zoom controls 1160 and 1165 have the same function as zoom controls 577

and 578 of the high-quality touchscreen interface 565. That is, the control 577 causes the
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mapping application to zoom in on the map region while the control 578 causes the mapping
application to zoom out of the map region.

The scroll arrows 1140-1155 enable the user to scroll through the map region
incrementally in some embodiments. When a user selects one of the arrows 1140-1155, the
displayed map region moves in the direction opposite the arrow in order to reveal a region of the
map in the direction of the arrow. The third stage 1115 illustrates a user selecting the left scroll
arrow control 1155. The user may select the scroll arrows 1140-1155 with a tap input in some
embodiments, or a press and hold input in other embodiments.

The third stage 1115 also illustrates (by showing the two right-facing arrows, which are
not displayed within the user interface and are shown only for explanatory purposes) that the
map region shifts (scrolls) to the right as a result of the selection of the scroll arrow 1155. In
other embodiments, selecting an arrow facing a particular direction results in the map scrolling in
that direction, rather than the opposite direction; however, selecting a left arrow to cause the map
to shift (i.e., pan) rightwards and thereby reveal the portion of the map to the left provides a more
intuitive interaction.

The fourth stage 1120 illustrates the result of the user interaction to select the left scroll
arrow 1155. The position indicator 1170 has been moved rightwards to near the edge of the
screen. When a user selects one of the scroll arrow controls, some embodiments scroll the map a
fixed percentage of the display screen (e.g., one half the display screen height), which will cause
the actual map distance to vary based on the zoom level. In addition, some embodiments use an
inertial stop animation to slow down and stop the animation of the map panning. For example, to
transition from the third stage 1115 to the fourth stage 1120, the mapping application pans the
map to the right at a particular defined speed, then gradually slows the panning animation down
to a stop, rather than suddenly stopping the animation.

In some embodiments, the map scrolls by a distance proportional to the duration for
which the user holds the touchscreen input over the scroll arrow control, while using an inertial
stop animation after the user releases the press-and-hold input. Some such embodiments
differentiate between a tap input and a press-and-hold input, so that a tap input causes the
application to pan the map further than would be the case for a press-and-hold having the short
duration of the tap gesture. As shown below, when a user presses and holds the scroll arrows in

other embodiments, the mapping application accelerates the rate at which it scrolls through the
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map region.

The fourth stage 1120 additionally illustrates the user selecting a position between the
two scroll arrow controls 1140 and 1145, at an angle @ above the horizontal. This stage also
illustrates, by showing the two down-facing arrows (which are not displayed in the user
interface, and only shown for explanatory purposes), that the map region shifts (scrolls)
downwards as a result of the user input. Some embodiments, as shown in this figure, only scroll
in the orthogonal directions (up, down, left, and right), and therefore resolve all inputs within the
map view while showing the scroll arrows 1140-1155 to one of the four scroll directions. In this
case, the angle 4 is greater than 45° above the horizontal, and therefore resolves to a selection of
the scroll arrow 1140.

Figure 12 conceptually illustrates a region representing the map view area 1200 of the
low-quality touchscreen user interface, with the scroll arrows 1140-1155 displayed in the map
view area. In addition, this figure shows two dashed lines at right angles that divide the map
view area 1200 into four quadrants 1240-1255. In some embodiments, each of these four
quadrants is associated with one of the scroll arrows 1140-1155. That is, a touch input anywhere
within the quadrant 1255 will result in a selection of the scroll arrow 1155 and cause the map to
scroll to the right, showing the map region previously off of the screen to the left. Different
embodiments may divide the display differently (e.g., the far right and far left portions may not
be associated with scroll arrows 1145 and 1155). Furthermore, as described below, some
embodiments do not limit the scrolling to only up/down and left/right, but instead also allow for
diagonal scrolling.

Returning to Figure 11, the fifth stage 1125 illustrates the result of the user selection of
the upwards scroll arrow 1140, which causes the map display to shift downwards, revealing a
map portion previously off the top of the display screen, and pushing the position indicator 1170
off of the bottom of the screen. Furthermore, at this stage, the user selects the zoom out control
1165. The selection of this control operates in a similar manner as the selection of the zoom out
control 578 shown in Figure 9 for the high-quality touchscreen interface. That is, the mapping
application displays the map at a new zoom level from a conceptual distance higher above the
map, thereby revealing more of the map and with a fixed portion of the display representing a
larger distance.

The sixth stage 1130 illustrates the map in such a zoomed out state, with enough of the
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map now shown to reveal the position indicator 1170 in the lower right portion of the display.
Finally, at this stage 1130, the user selects a “Done” control 1175, to indicate that she has
completed her use of the zoom and scroll controls to explore the map region. The seventh stage
1135 illustrates the user interface 570 with the same controls as in the first stage, and the
displayed map region that from the previous stage.

As mentioned, in some embodiments, the low-quality touchscreen interface has the
capability to scroll the displayed map diagonally as well as up, down, left, and right. Figure 13
conceptually illustrates a process 1300 performed by the mapping application of some
embodiments in order to translate a selection input into a scroll of the map display for a low-
quality touchscreen vehicle interface. The process 1300 will be described by reference to Figure
14, which illustrates three stages 1405-1415 of a low-quality touchscreen interface 1400. The
user interface 1400 is the same as the previously described interface 570, except for the treatment
of diagonal scrolling input when the zoom and scroll control is activated.

The process 1300 begins by displaying (at 1305) scroll controls for the low-quality
touchscreen interface. This occurs when the mapping application receives input to select the
zoom and scroll control of the low-quality touchscreen interface. The first stage 1405 of Figure
14 illustrates a low-quality touchscreen interface 1400. At this stage, a user selects the zoom and
scroll control 1420. As a result, the second stage 1410 illustrates the zoom and scroll controls,
including scroll arrows 1425-1440.

Next, the process 1300 receives (at 1310) a selection of a location on the vehicle
touchscreen within the map view. That is, the selection is not a selection of the zoom controls,
position indicator, done button, etc., but rather is within the map where the mapping application
displays the scroll controls. The second stage 1410 of Figure 14 illustrates that the user makes a
selection at a specific touchscreen location between the up arrow 1425 and the right arrow 1430.

The process 1400 then calculates (at 1315) the angle of a line from the center of the scroll
controls to the center of the touch input. In some embodiments, as shown in the figures, the
center of the scroll controls does not exactly coincide with the center of the vehicle display
screen because the top bar with the zoom and position controls takes up a portion of the display.
To determine the center of the touch input, in some embodiments the vehicle touchscreen system
translates its touch input into a selection at a particular location, which the vehicle system sends

to the mobile device (via the mobile device’s connection to the vehicle system). Using this
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information, the mapping application can calculate the angle. The second stage of Figure 14
illustrates that in this example, the angle between the user’s selection location and the horizontal
1s again 0.

After calculating the angle, the process determines (at 1320) whether the angle is within a
threshold of one of the primary scroll directions. This threshold, in some embodiments, is a

particular angular range (e.g., 5°

, 10°, etc.) from the horizontal or wvertical. In some
embodiments, the range is defined based on the display of the scroll arrows: if the selection input
is within the minimum range that includes the entirety of the displayed scroll control, then the
selection is within a threshold of that primary scroll direction. When the angle is within the
threshold of one of the primary scroll directions, the process scrolls (at 1330) the map according
to the selection of the closest primary direction scroll control. Thus, if the selection is near the
right arrow 1430, the map will shift leftwards to display the portion previously off the screen to
the right.

On the other hand, when the angle is not within the threshold of any of the primary scroll
directions, the process scrolls (at 1325) the map at the calculated angle. That is, the map pans in
the direction opposite the calculated angle, as if the user had selected a scroll arrow at the
calculated angle. Thus, the second stage 1410 shows two arrows (not actually displayed as part
of the user interface) pointing down and leftwards to indicate that the map shifts in that direction.
The third stage 1415 of Figure 14 illustrates the result of the map having been scrolled down and
left according to the user input. In addition to showing a different portion of the map region, the
position control 1445 has been activated by the mapping application, in case the user wants to
return to having the map follow the device location.

Figure 15 illustrates another feature of the scroll arrows of the low-quality touchscreen
interface of some embodiments. Specifically, in some embodiments as a user holds down a touch
input for an extended period of time over one of the scroll arrows, the map scrolling accelerates.
Figure 15 illustrates this acceleration of the map scrolling over four stages 1505-1520 of the user
interface 570. The first stage 1505 illustrates the user interface, as a user selects (via a tap input
on the touchscreen) the zoom and scroll control 587. In the second stage 1510, the zoom and
scroll controls have appeared in the user interface 570.

The second stage 1510 also illustrates that the user has begun to press down on the left

scroll arrow 1135. The third stage 1515 illustrates (by showing the two right-facing arrows that
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are not actually displayed in the UI) that the map scrolls to the right by a particular distance as
the user holds down the scroll arrow 1135. The third stage also illustrates that the user continues
to hold down the scroll arrow 1135.

At the fourth stage, the user continues holding down the scroll control arrow 1135. As
shown by the two sets of arrows (also not actually displayed within the UI), the map scrolls to
the right at twice the speed as in the previous stage. Different embodiments treat the acceleration
of the scrolling differently. For instance, some embodiments continue speeding up as a user
continues to hold down the same scroll arrow. Other embodiments have a fixed number of
different scrolling speeds (as percentages of the map region displayed, rather than physical
distances represented by the map). For instance, if the user continued to hold down the scroll
arrow 1135, some embodiments would accelerate the scroll speed to three times the original
speed. In addition, the threshold time after which the application begins to accelerate the
scrolling may vary. For instance, some embodiments change the speed of the scrolling after
every second that a user has continuously held down the scroll control.

As mentioned, the bookmarks and recents lists may include scroll arrows for scrolling
through a list of bookmarks or recents (e.g., recent searches, destinations, etc.). Figure 16
illustrates the use of scroll arrows to navigate through a list of recents over four stages 1605-
1620 of the low-quality touchscreen interface of some embodiments. The first stage 1605
illustrates the low-quality vehicle touchscreen mapping application interface 570. At this stage,
the user selects the recents control 582 in order to open a recents list.

The second stage 1610 illustrates a recents page 1600, which is similar to the recents
page 735 shown above for the high-quality touchscreen interface. However, the low-quality
recents page 1600 includes scroll arrows 1625 and 1630 for navigating through the list of
recents. The third stage 1615 illustrates the user selecting the scroll down arrow 1630 (with a tap
selection). As a result, the fourth stage 1620 illustrates that the recents list has shifted upwards by
one item, so that the application no longer displays the recent location of San Francisco at the top
of the list, and instead displays a recent search for restaurants in Los Angeles at the bottom of the
list.

C. Non-Touch User interface

The above subsections described map exploration (and introduced other features) for

different types of touchscreen interfaces for vehicle display screens. Some vehicles, however,
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have center console display screens that do not accept touch input. In this case, different vehicles
may have different types of controls, such as a knob, a trackball, a joystick, non-touchscreen
buttons, etc. Before describing the details of the search and zoom features, the operation of the
user interface generally will be described.

Figure 17 illustrates the operation of such a non-touchscreen vehicle user interface 1700
according to some embodiments over five stages 1705-1725. The first stage 1705 illustrates a
default non-touchscreen home page 1700. Whereas the home page for the touchscreen vehicle
user interfaces includes various selectable controls, the non-touchscreen home page of some
embodiments only shows the time. The first stage 1705 additionally illustrates the vehicle
hardware controls 580, including the keypad 591, joystick 592, and additional buttons. As
mentioned, various different embodiments include different types of controls. While this figure
shows a joystick 592, Figure 18, described below, illustrates a trackball. Additional vehicles
may use a knob, various types of buttons, etc.

As shown at the first stage 1705, the user presses the menu button 593. The second stage
illustrates the result of this selection, with the home menu user interface 575 displayed on the
non-touchscreen display screen. The home menu interface 575 is described by reference to
Figure 5. In some embodiments that do not include such a menu button, the user accesses this
menu in a variety of different ways. For instance, in some embodiments simply scrolling a
trackball, turning a knob, or moving a joystick while in the home page 1700 will activate the
menu 575. As in Figure 5, the user selects the map menu option 594 by navigating to that option
with the joystick 592 and pressing down on the joystick to perform a selection. With different
sets of controls, a user might rotate a knob and then press the knob inwards to select one of the
options, or move a trackball to choose an option and then press inwards on the trackball to select
one of the options.

The third stage 1715 illustrates the result of the selection of the map menu option 594. As
in the previous Figure 5, the device outputs the mapping application non-touchscreen vehicle
interface 595 for display on the vehicle screen. Furthermore, at this stage 1715, the user again
selects the menu button 594.

The fourth stage 1720 illustrates the result of this selection. The mapping application user
interface now displays a menu 1730 with four options 1735-1750. These four options include a

search option 1735, a recents option 1740, a bookmarks option 1745, and a predictive routing
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option 1750. These options correspond to the selectable controls 571-574 of the touchscreen user
interface 565, and enable the user to access the various different features of the mapping
application on the non-touch display screen. In some embodiments, a fifth menu option for
tracking the device’s current location in the map is available only when the current location is
not presently centered on the map. By default, the first menu option 1735 is presently selected.
Some embodiments always select the search option (or a different option when the menu options
have a different order) upon opening the menu. Other embodiments, however, select the most
recently selected option upon activation of the menu.

The fourth stage 1720 additionally illustrates the user moving the joystick downwards.
As aresult, the fifth stage 1725 illustrates that the selection marker in the menu has moved down
to the recents option 1740, such that a selection input (e.g., pressing down on the joystick) will
select the recents option. Some embodiments use up and down to scroll through the menu and
use right and left to either select and option (a rightward movement) or go back to a previous
page (a leftward movement).

The above figure illustrates menu navigation with the non-touchscreen user interface.
Map exploration presents a unique challenge, however, because the map must be scrollable and
zoomable, actions that have more natural inputs via a touchscreen with direct manipulation type
actions available (e.g., drag gestures, pinch gestures, or touchscreen controls that do not need to
conform to those provided by a vehicle system).

Figure 18 illustrates one example of such map exploration in a non-touchscreen vehicle
user interface 1800 over four stages 1805-1820. The user interface output by the mapping
application is the same as in the previous example, but the vehicle controls are different. Instead
of a joystick, the vehicle controls include a trackball 1825. The trackball 1825 is a ball that sits in
a well, and moves within the well in various directions in response to user input. A user (e.g., a
driver or passenger) can roll the trackball up, down, left, or right (i.c., rotating about one of the
two horizontal axes of the trackball). In addition, the user can rotate the trackball about the
vertical axis through the center of the trackball. Furthermore, with some trackball inputs, the user
can press down as a separate input and/or “shift” the trackball forwards, backwards, leftwards, or
rightwards.

In the first stage 1805, the user rolls the trackball 1825 to the right. As shown by the

arrows illustrated facing the left (which are not actually displayed in the user interface), the
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rightward scroll of the trackball results in the map shifting leftwards, revealing a portion of the
map previously off of the screen to the right. The second stage 1810 illustrates this shift of the
map, as the map region (and the position indicator 1830 that shows the device’s current location)
have moved to the left in the display screen.

The second stage 1810 also illustrates that the user is rotating the trackball 1825
clockwise about its center axis. In some embodiments, this rotation action of the trackball causes
the application to zoom either in or out (e.g., zooming in for clockwise rotation and zooming out
for counterclockwise rotation). In this case, because the rotation is clockwise, the mapping
application changes the zoom level to zoom in on the map, as illustrated by the third stage 1815.

Additionally, at the third stage 1815, the user selects the menu button 1835. As in the
previous Figure 17, this selection causes the mapping application to display a menu 1840,
similar to the menu 1730. In this case, the menu includes the same four initial options (search,
recents, bookmarks, and predictive routing), but also includes a fifth option 1845 for the current
location (because the map is no longer centered on the current location of the device). The
selection of the current location option 1845 is similar to the selection of the position control in
the touchscreen interfaces, and results in the mapping application centering the map on the
current location of the device and subsequently tracking that location.

Vehicles with different types of inputs (other than trackballs) may perform these scroll
and zoom actions differently. For instance, a device with only a knob for input may initially
scroll the map left and right in response to rotations of the knob (e.g., clockwise to scroll the map
rightwards and counterclockwise to scroll the map leftwards). Upon receiving a push of the
knob, subsequent rotation will scroll the map up and down. After a second push of the knob,
additional rotation of the knob will zoom in or out of the map. With a joystick, shifting the
joystick left, right, up or down causes the map to move in the shifted direction (or opposite the
shifted direction) in some embodiments. Some embodiments interpret rotation of the joystick as
zoom input, while in other embodiments the joystick can be pushed inwards or pulled outwards
to change the zoom level.

III. SEARCH FEATURE IN VEHICLE USER INTERFACE

The previous section introduced the search feature available through the vehicle interface

of some embodiments. As shown, in some embodiments the vehicle interface only permits

search input via dictation, rather than via a keyboard or other typing mechanism. This is to
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dissuade the user from attempting to type in locations while driving, though a passenger still has
the ability to enter search terms through the mobile device interface via typing.

In some embodiments, the mobile device that runs the mapping application also has voice
recognition functions to perform searches or answer other questions. In some embodiments,
whereas the vehicle interface search is a pure dictation search, the voice recognition functions on
the device are more interactive. That is, on the mobile device, the user can dictate successive
requests, in which the voice recognition functions use context of previous requests to analyze the
meaning of subsequent requests. On the other hand, because the vehicle maps interface is
optimized towards quickly and efficiently identifying a destination for navigation, each dictated
request is treated as a separate search. The following section describes various aspects of the
vehicle search interface in greater detail.

Above, Figure 8 illustrated the search feature of some embodiments in the touchscreen
vehicle user interface. As shown in that figure, when the search term is recognized without
ambiguity, the mapping application automatically transitions from the search function page to a
map view showing search results for the unambiguous search term. On the other hand, when the
mapping application cannot unambiguously identify the search term, the application presents the
user with a set of choices for the search.

Figure 19 illustrates the search feature in the case of an ambiguous search term over five
stages 1905-1925 of the high-quality touchscreen user interface. The search feature, in some
embodiments, operates the same in both the high-quality and low-quality touchscreen interfaces,
and similarly in the non-touchscreen interface, with differences that will be explained in detail
below.

The first three stages 1905-1915 are the same as the first three stages 805-815 of Figure
8, with the exception of the phrase spoken by the user in the third stage 815. The first stage 1905
illustrates the user selecting the search control 571 in the high-quality vehicle touchscreen
interface 565. The second stage 1910 illustrates the search function page 835 that prompts the
user to speak her destination and the third stage 1915 illustrates the page as the user speaks. In
this case, the user dictates “Home” into the vehicle microphone, which is then processed by the
mobile device voice recognition system. In some embodiments, for the mapping application
search function, the voice recognition processing performs pure dictation, rather than natural

language processing. That is, the voice recognition does not attempt to parse out the meaning of
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phrases or expressions within the user’s search request. Thus, if the user states “go home”, the
mapping application would look for search terms that match this phrase, rather than identifying
“go” as a desire for the application to navigate towards a particular location. On the other hand,
some embodiments perform natural language processing for the mapping application search
requests received through the vehicle interface. In such embodiments, if the user stated “go
home”, the application would recognize the user’s intention and perform the search shown in
Figure 19.

As shown at the fourth stage 1920, the mapping application cannot determine which of
two search terms a user has requested through dictation. Because the search term is ambiguous,
the search function page 835 displays the terms as searched (“Home”) in the search bar 840, with
a list of possible search results in the search results region 845. In this case, the user has two
locations stored as “Home”, one in Los Angeles and one in San Francisco.

The search feature, in some embodiments, initially searches a set of databases that store
information relevant to the user of the device. These databases, in some embodiments, include
the user’s stored contact information (e.g., address book records), recent searches performed
within maps (i.e., results available through the recents feature of the interface), stored bookmark
information (i.e., results available through the bookmarks feature of the interface), as well as
harvested address and location information. In some embodiments the mobile device running the
mapping application is one of several devices connected via a user account. These devices share
information via a content-sharing service, and this content-sharing service (with permissions
from the user) identifies addresses and/or possible destinations from sources such as the user’s e-
mail, messages, web browsing, etc. This harvested address and location information is described
in detail in U.S. Provisional Application 61/832,850, filed 6/8/2013, as well as in U.S. Patent
Application 14/081,850, filed 11/15/2013 and entitled “Harvesting Addresses”. U.S. Provisional
Application 61/832,850 and U.S. Patent Application 14/081,850 are both incorporated herein by
reference.

In some embodiments, only when the various databases do not provide any search results
does the search function use a more general search engine to identify locations within the user’s
vicinity. In this case, the databases find multiple results for “Home”, as the user has two separate
addresses stored for their home. As shown at the fourth stage 1920, the user selects the Los
Angeles home address.
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As a result, the fifth stage 1925 displays the search result map view page 852, with a pin
1930 displayed at the location of the user’s Los Angeles home. The mapping application centers
the map about this dropped pin 1930, and the lower information bar 870 displays information
about the location, including the name (“Home”), the address “1919 Foothill Drive”), the
estimated travel time to the location, and a selectable control 880 for entering the turn-by-turn
navigation mode of the mapping application with the selected location as the destination. In
addition, the upper information bar 865 displays the search term as translated by the voice
recognition functions (“Home”), along with a cancel control 1935 (to return to the standard map
exploration interface) and a search again control 875 to return to the search function page 835
displayed in the second stage 1910 of this figure.

Figure 19 illustrates ambiguous results identified within the databases searched by the
mapping application search function (specifically, the address book information). In some
embodiments, ambiguities may also arise from search engine results (e.g., when a user dictates a
street address that may resolve to addresses in multiple different cities). Figure 20 illustrates
such a case of ambiguous results returned by the search engine.

Specifically, Figure 20 illustrates the search feature of the mapping application
identifying ambiguous results for an address search over five stages 2005-2025 of the high-
quality vehicle touchscreen interface. In this case, the first three stages 2005-2015 are the same
as the first three stages of Figures 8 and 19, with the user selecting the search control 571, the
search function page 835 appearing, and the user dictating a search query. In this case, at the
third stage, the user dictates “1200 Main St.”. Though not shown in the figure, for reference in
this case the user is driving in the Orange County area of Southern California.

Without the search terms specifying a city, the mapping application cannot determine
whether the user is searching for the 1200 Main St. located in Huntington Beach or the 1200
Main St. located in Irvine. As such, the fourth stage 2020 illustrates that the search function page
835 displays these two possible results in the search results region 845. The user selects the
address located in Huntington Beach, and the fifth stage 2025 illustrates that the mapping
application displays a map centered at this location, with a pin 2030 displayed at the requested
address.

The previous examples illustrate the case in which the dictated search term produces a

single result or ambiguous results displayed in a list from which the user selects the desired
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search result. Some search queries will not be ambiguous, but produce multiple matching results.
Figure 21 illustrates an example of such a search that produces multiple results over eight stages
2105-2140. As with the previous examples, the first three stages 2105-2115 are the same, with
the exception of the user’s dictated search query. In this case, as shown at the third stage 2115,
the user dictates the search “Coffee”.

In this case, the search is not ambiguous. The mapping application does not find any
results in the local databases (e.g., recents, address book, etc.), and therefore performs a search
for coffee in the region surrounding the device location. While the search finds multiple results,
the search term itself (“coffee”) is not ambiguous. Instead, the mapping application search
feature recognizes this as a more generic search looking for one or more results for a particular
type of location (coffee shops).

Thus, as shown at the fourth stage 2120, the application automatically transition to the
search results map view page 852, with the search term “Coffee” appearing in the upper
information bar 865. This search term produces six search results within the region searched
(e.g., within a particular distance of the device, or drivable within a particular duration from the
location of the device). The map region displays a map with a pin for each of the six search
results, and one of these pins displayed as selected. Some embodiments automatically initially
select the search result closest to the device’s current location. In some embodiments, other
factors may affect the ordering (i.c., ranking) of the search results returned by a search engine
(c.g., a search server). The search engine may use popularity (by review quality, or by number of
people reviewing a location) and relevance in addition to distance when determining the ordering
of search results. For example, when the user searches for coffee, the closest result in terms of
proximity might be a restaurant that happens to serve coffee, but the search engine may return a
coffee shop located slightly further from the current location instead, based on a combination of
relevance and popularity.

The lower information bar 870 displays the information for the selected destination (in
this case, Curt’s Coffee, which is three minutes away), and the selectable control for entering
navigation. In addition, because the search term resulted in more than one search result, the
application displays a left arrow control 2145 and a right arrow control 2150, with the text “1 of
6” located between the arrows. In some embodiments, when the search returns multiple results

displayed together on the map, the vehicle interface includes a mechanism for stepping between
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the search results. As shown in subsequent stages of this figure, selection of the arrow controls
2145 and 2150 causes the application to step through the search results.

At this fourth stage 2120, however, the user makes a particular type of selection (in this
case, a double tap) of the currently selected pin 2155 for Curt’s Coffee. The fifth stage 2125
illustrates that this double-tap selection of the pin 2155 results in the mapping application
centering the selected pin in the map region and zooming in on the pin as well. The fifth stage
2125 illustrates the same user interface except for the map region now centered on the pin and at
a closer zoom level such that less of the surrounding region is displayed. In some embodiments,
when a search gives more than one result, such selection (e.g., a double-tap within the vicinity of
a pin) causes the application to zoom in on the pin, and a second such selection causes the
application zoom back out to show all of the results. In some embodiments, the user cannot zoom
in and out in this way when only one search result is found.

At the sixth stage 2130, with the map region still centered on the pin 2155 for Curt’s
Coffee, the user selects (via a tap input) the right arrow control 2150. The seventh stage 2135
illustrates that the mapping application has selected the second closest result to the user’s
location, Killer Coffee, and shifted the map region so that the pin 2160 for this location is now in
the displayed portion of the map region. Though not the case in this example, some embodiments
center each particular pin upon stepping through the search results to the particular pin and
selecting the particular pin. Other embodiments, as shown in this figure, modify the map display
so that the pin is within a particular threshold of the center and the center of the displayed map
region is equidistant from the selected pin and the current location.

The seventh stage also illustrates the user again selecting the right arrow control 2150
(again with a tap input). In the eighth stage 2140, the mapping application selects the third
closest result to the user’s location, Joe’s Drowsy Cure, and shifts the map region so that the pin
2165 for this location is now visible within the map display. Furthermore, in order to include
both the current location of the device and the selected pin 2140, the mapping application zooms
out from the map while shifting the map region.

The above examples illustrate the mapping application search feature for the touchscreen
vehicle user interfaces. In some embodiments, the only difference between the high-quality
touchscreen interface search feature and the low-quality touchscreen interface search feature is

the size of the buffers for touch selectability around the various controls (e.g., the pins, the right
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and left arrow controls for stepping through the search results, etc.). The differences in buffer
size of some embodiments are described above by reference to Figure 6.

Figure 22 illustrates the operation of the mapping application search feature for the non-
touchscreen vehicle user interface of some embodiments, over six stages 2205-2230. The first
stage 2205 and second stage 2210 are the same as the third and fourth stages 1715 and 1720 of
Figure 17, described above. In this case, however, at the second stage, the user performs a
selection input (e.g., pushing the joystick 592 inwards, pushing a knob inwards, pressing a
particular hardware button, performing a specific input on a trackball, etc.) with the search menu
option 1735 selected.

As shown at the third stage 2215, this selection activates the search feature, causing the
display of a search function page 2235. The search function page 2235 is analogous to the
touchscreen search function page 835, and prompts the user to dictate a destination along with
examples. However, the page does not have a cancel option, because there is no touchscreen.
Instead, in some embodiments the user can cancel the search by pressing the physical back
button 2240 or exit button 2245.

Instead, as shown at the fourth stage, the user dictates the search “coffee”, the same
secarch term used above in Figure 21. At this stage, the search function page has the same
waveform animation as in the touchscreen interface, but does not include a touchscreen button to
indicate completion of the dictation. As with the touchscreen interface, the mapping application
can recognize when the user has completed speaking in some embodiments. In addition, the
search function page 2235 displays instructions to the user to press the menu button upon
completion of the dictation. In various embodiments, the user can perform different inputs via
the built-in vehicle controls in order to end the search (e.g., pressing inwards or upwards on the
joystick, pushing a knob, etc.).

The fifth stage 2225 illustrates that the search algorithms function in the same way
irrespective of the interface. The same search for coffee with the device in the same location
gives the same six results as in the touchscreen interface, in the same order. Thus, the fifth stage
2225 illustrates the map region displayed in the non-touchscreen interface, with six pins
representing the six search results, and the closest location to the device’s current location
selected. The non-touchscreen interface search results map view 2250, unlike the search results

map view 852 of the touchscreen interface, does not include touchscreen buttons such as the
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cancel, search again, or enter navigation controls. Instead, the mapping application relies on user
interaction with the built-in vehicle controls to perform these actions (e.g., pressing inwards on a
joystick to enter navigation, using the back or exit buttons to respectively search again or cancel
the search function).

Other than the control to enter navigation, the lower information bar in the search results
map view 2250 is similar to that in the touchscreen interface. In addition to the lack of this
control, the user interface additionally does not have selectable arrows on either side of the text
“l for 6” that indicates the number of search results that can be stepped through via non-
touchscreen input. In this case, the user rotates the joystick 592 clockwise. As a result, at the
sixth stage 2230, the mapping application selects the second search result (as ordered by the
search engine, using various factors, such as proximity to the current location of the device,
popularity, relevance, etc.).

As described above, in some embodiments the mapping application search function
initially searches various local databases, then uses a search engine to perform a local search
when unable to find a result via the local databases. Figure 23 conceptually illustrates a process
2300 performed by the mapping application of some embodiments in order to retrieve and
display search results for a search dictated through the vehicle user interface.

As shown, the process 2300 begins by receiving (at 2305) voice dictation audio captured
by a microphone in the vehicle. In some embodiments, the user first activates a search function
through the vehicle interface of the mapping application, which prompts the application to
receive the audio recorded by the vehicle microphone. Using the vehicle microphone (which, in
some embodiments, must have the ability to record audio of at least a threshold quality) enables
the user to avoid the need to pick up the mobile device and speak into the device microphone.
However, other embodiments use a microphone in the mobile device to record the voice
dictation.

Next, the process 2300 processes (at 2310) the dictated audio to determine the search
terms. In some embodiments, the mobile device includes voice recognition software leveraged
by the application in order to identify the search terms spoken by the user. In other embodiments,
the mapping application connects to a voice recognition server that performs the voice analysis.
As mentioned above, some embodiments perform dictation translation that does not account for

natural language phrasing. On the other hand, in addition to simply translating the audio into
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words, some embodiments parse phrases to determine the user’s desired search. For instance,
when the user says “go home”, the voice recognition process identifies that the user is searching
for “home”, and can ignore the “go”. Similarly, when a user dictates “Find the best coffee”, some
embodiments identify coffee as the search, and “best” as a modifier to use quality ratings for
identified locations in the area.

With the search terms identified, the process performs (at 2315) a search for the
identified terms using local databases. In some embodiments, these local databases include the
user’s address book (e.g., information about the user’s contacts) and addresses and/or
destinations harvested from other applications. These harvested destinations may include
addresses or destinations in e-mails, SMS messages, etc. either sent or received by the user. In
addition, the harvested destinations include in some embodiments addresses either specifically
sent to the mapping application from a web browser or other application (such as Yelp®) on the
mobile device or on web pages or locations navigated to with the web browser or other
application. Furthermore, in some embodiments, these addresses are not restricted to those
identified by the mobile device connected to the vehicle interface. The mobile device may
connect to an information- and/or content-sharing service (e.g., iCloud®) that enables the sharing
of content and information between multiple device connected by an account. In this case,
destinations may be harvested from all of the user’s devices connected to the account, and
distributed to the mobile device on which the mapping application operates for use by the
mapping application search feature. In addition to these databases, some embodiments also
include recent search results from previous searches by the mapping application in the initial
search of local databases.

The process 2300 then determines (at 2320) whether at least one result is found in the
local databases. As described below, when no results are found via this search, the process
proceeds to 2340 to perform a search using a search engine. When at least one result is found by
the local database search, the process 2300 determines (at 2325) whether multiple results are
found within the local database search. In some embodiments, the search function treats multiple
results identified in the local databases as ambiguous results.

Thus, when multiple results are found, the process displays (at 2330) the set of results as
selectable options in a list. Figure 19 is an example of such a search result, in which two results

for the search “home” are found. Other searches that might turn up ambiguous results in the local
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databases include “work” when the user works multiple jobs or has multiple work locations, or
“Bobby’s house”, when the address book has information for multiple people named Bobby.
After some period of time, the process receives (at 2332) a selection of one of the displayed
options. While this is shown as a linear process, one of ordinary skill in the art will recognize
that the application may receive a selection of a cancel option, or may wait an indeterminate
amount of time between operation 2330 and operation 2332 until the user makes a selection.
Upon receiving the selection, the process displays (at 2334) the selected option on the map.

When only one result is found, the process instead displays (at 2335) the singular result
on the map view, without displaying a list of results. As shown in Figure 8 (which is not an
example in which the search result is necessarily found in the local databases), the mapping
application of some embodiments displays a pin at the identified location, and provides the user
with a control for entering a turn-by-turn navigation mode with the identified location as the
destination.

On the other hand, when the search of the local databases does not turn up any results, the
process performs (at 2340) a search for the dictated search terms using a search engine. In some
embodiments, this is a search engine also available to a web browser on the mobile device, while
in other embodiments the mapping application uses a different web browser. In addition, the
mapping application constrains the search by location so that only results within a particular
proximity of the device’s current location will be found. For example, the application may
constrain the search to a particular distance (e.g., a 5-mile radius, 10-mile radius, etc.) or a
particular travel time (e.g., only locations that the user could reach by car within 15 minutes, 30
minutes, etc.). Some embodiments initially use a small distance or time constraint, then start
increasing the constraint until the distance or travel time is large enough for at least one result to
be identified.

The process then determines (at 2345) whether the search results are ambiguous. In the
case of the search engine results, this does not determine simply whether one or more result was
returned. Instead, search results are ambiguous if the application cannot determine with a
threshold confidence what result the user desires.

When the search results are ambiguous, the process displays (at 2350) the set of results as
sclectable options in a list, as was the case for multiple results identified within the local

databases. For instance, in the example of Figure 20, the user searches for a particular address
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without specifying a city. As this happens to be an address in two difference cities nearby, the
results are ambiguous because the user is clearly searching for a single location. Similarly, if the
user were to dictate “Curt’s Coffee”, but two different unrelated coffee shops nearby had the
names “Curt’s Coffee” and “Kurt’s Koffee”, some embodiments would display these results in a
list as ambiguous, allowing the user to select one. After some period of time, the process receives
(at 2352) a selection of one of the displayed options. While this is shown as a linear process, one
of ordinary skill in the art will recognize that the application may receive a selection of a cancel
option, or may wait an indeterminate amount of time between operation 2350 and operation 2352
until the user makes a selection. Upon receiving the selection, the process displays (at 2354) the
selected option on the map.

However, when the search results are not ambiguous, the process determines (at 2355)
whether the search engine has yielded more than one result for an unambiguous search. When
only one result is returned, the process displays (at 2360) the singular result on the map view,
without displaying a list of results. As shown in Figure 8, the mapping application of some
embodiments displays a pin at the identified location, and provides the user with a control for
entering a turn-by-turn navigation mode with the identified location as the destination

When multiple results are returned, the process displays (at 2365) the returned set of
locations on the map along with controls for stepping through the locations. Figures 21 and 22
are examples of such searches for different interfaces, with the controls displayed differently in
for the different vehicle interfaces. The mapping application displays pins at each of the
locations, and the user can select the different pins with the stepping controls. With any of the
pins selected, the user can select an option to enter turn-by-turn navigation with the selected
location as the destination. After displaying the results at any of the operations 2334, 2335, 2354,
2360, or 2365, the process ends. In the cases in which the process displays a set of sclectable
options in a list, the application proceeds to the map view display after the user selects one of the
possible results.

The above process and examples illustrate the vehicle interface in cases in which the
search is initiated through that interface. However, when the mobile device on which the
mapping application operates is connected to the vehicle system, a user (e.g., a passenger) can
continue to use the mapping application on the mobile device, and perform searches within the

user interface displayed on the device.
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Figure 24 illustrates an example of a user performing a search within the mapping
application mobile device interface while the mobile device is connected to a vehicle interface.
Specifically, the figure illustrates three stages 2405-2415 of both interfaces in which the user
initiates a search function, performs a search, and receives search results displayed on both
interfaces.

The first stage 2405 illustrates a mobile device 2400 displaying the mapping application
user interface 205 of some embodiments, as described above by reference to Figure 2, as well as
the high-quality vehicle user interface 565. Though not shown, the mobile device is currently
connected to a vehicle that includes a touchscreen interface for displaying the vehicle Ul 565. In
this first stage 2405, the user selects the search field 240 to initiate a search operation on the
mobile device.

At the second stage 2410, the user has utilized a touchscreen keyboard 2420 (not
available in the vehicle user interfaces of some embodiments) to type a search for “Pizza” into
the search field 240. As the user types, the search field 240 of some embodiments displays
various autocompleted options for selection by the user. Thus, at this point the search field
displays a selectable option of “Pizza”, which the user selects via a touch input. As the user
enters the search field and types a search on the mobile device 2400, the mapping application
does not modify the vehicle user interface 565.

The third stage 2415 displays four dropped pins in the mobile device interface 205,
corresponding to the search results for a generic search for pizza. In some embodiments, the
mapping application changes the zoom level of the map view in the mobile device Ul 205 in
order to display all of the search results. The mapping application also selects the first search
result (for a particular pizza location), and displays an expandable banner 2425 for the result. At
this point, the mapping application also directs the vehicle user interface 565 to display the
search results, as if the search had been performed using the vehicle interface.

Similarly, though not shown in the previous figures, once the user inputs a search term or
terms into the mapping application via the vehicle user interface, the search results are displayed
in the mobile device interface in some embodiments. In general, the mapping application allows
separate map exploration in the two interfaces, and separate access of various features (e.g.,
search interface, recents or bookmarks, predicted routes, etc. However, once the mapping

application reaches a result that corresponds to a possible destination (e.g., a selection of a recent
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location, a selection of a bookmarked location, a search result, etc.), the application synchronizes
the interfaces to display the same possible destinations in the two interfaces.
IV.  ACCESSING RECENT DESTINATIONS

In describing the mapping application interface for vehicle displays above in Section 11,
the control for accessing the recent destinations feature was discussed. As shown, the
touchscreen interfaces include a recents control selectable from the primary map view, and the
non-touch interface includes a recents option in the primary mapping application menu. The
following will discuss additional aspects of the recent destinations feature of some embodiments.

Figure 7 above illustrated that when the user selects the recents control in a touchscreen
interface (or selects the recents menu option in a non-touchscreen interface), the mapping
application displays in that interface a list of destinations recently searched in the mapping
application. In some embodiments, these recent destinations may include destinations that have
appeared as search results in the mapping application when searched through the mobile device
interface of the mapping application.

Figure 25 illustrates three stages 2505-2515 of the mapping application of some
embodiments in which a user performs a search on the mobile device before connecting the
device to the vehicle system, then accesses the recent destinations on the vehicle interface of the
mapping application which now include the previously-searched destination. The first stage 2505
illustrates a person walking towards a vehicle 2500 while carrying a mobile device 2520 on
which the mapping application of some embodiments operates. As shown in the mapping
application mobile device Ul 205, the user has searched for “Cool Coffee”, and the mapping
application displays a search result pin for the identified location in the map view.

At the second stage 2510, the user has entered the vehicle 2500 and begun driving. In
addition, the user has connected her mobile device 2520 to the vehicle display system. As shown,
at this point the display screen of the vehicle 2500 displays the mapping application Ul 565. In
some embodiments, when the device is connected while the mapping application is operating,
the device automatically sends the mapping application vehicle user interface to the vehicle
display screen. In other embodiments, upon connection to the vehicle system, the device
operating system automatically sends the device and vehicle user interfaces to their respective
home pages.

In the second stage 2510, the user selects the recents control 572. The third stage 2515
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illustrates the recent destinations page 735 of some embodiments. In addition to various results
from searches recently performed on the device (ABC Delicatessen, Los Angeles, and San
Francisco), the recent destinations page 735 includes the Cool Coffee Shop, which was the
search result identified by the mapping application based on a search through the mobile device
interface 205 before the connection of the mobile device to the vehicle system.

In the situation illustrated in Figure 25, some embodiments automatically display the
search result on the vehicle display screen once the mapping application is opened on the device
after connection to the vehicle system. Figure 26 illustrates three stages 2605-2615 of the
mapping application of some embodiments in which a user performs a search on the mobile
device before connecting the device to the vehicle system, then opens the mapping application
on the vehicle interface. The first stage 2605 illustrates a person walking towards a vehicle 2600
while carrying a mobile device 2620 on which the mapping application of some embodiments
operates. As shown in the mapping application mobile device Ul 205, the user has searched for
“Cool Coffee”, and the mapping application displays a search result pin for the identified
location in the map view.

At the second stage 2610, the user has entered the vehicle 2600 and begun driving. In
addition, the user has connected her mobile device 2620 to the vehicle display system. As shown,
at this point the display screen of the vehicle 2600 displays the home page user interface 550 for
vehicle touchscreens. In the embodiment shown in this figure, the device automatically returns to
its home page as well upon connection to the vehicle system.

In the second stage 2610, the user selects the map control 563 to enter the mapping
application, which also causes the mobile device display to display the mapping application (not
shown). The third stage 2615 illustrates the result of entering the mapping application, in that the
application automatically displays a search results map view page (showing the one result for the
Cool Coffee Shop) in the vehicle display for the recently performed search.

In some embodiments, the recent destinations page displays destinations from sources
other than mapping application searches. For example, some embodiments display recently
harvested locations from e-mails, SMS messages, etc. (as described above in relation to the
scarch feature) as recent destinations. In addition, some embodiments enable the user to add
destinations and addresses to the mapping application.

Figure 27 illustrates three stages 2705-2715 of a mapping application in which a user
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adds a location to the mapping application from a web browser on the mobile device, which adds
the location to the mapping application table of recent destinations. As shown, the first stage
2705 illustrates a mobile device 2700 on which a web browsing application interface 2720 is
displayed. The web browsing application interface 2720 currently displays a web page for the
Tee-Cake Bakery. In addition, the first stage (and subsequent stages) illustrates a recents table
2725 stored by the mapping application. This table, in some embodiments, indicates what the
mapping application will display when the user selects a recents control in the mapping
application user interface. The recents table 2725 includes two entries, for Hamburger Palace and
Pot Sticker’s Restaurant.

In the first stage 2705, the user selects a contact information tab 2740. The second stage
2710 illustrates that, as a result, the web browsing application interface 2720 displays various
contact information for the Tee-Cake Bakery, including a physical location address. In addition,
at the second stage 2710, the user presses and holds over the address in order to select the text
that forms the address. At this point, the recents table 2725 is unchanged from the first stage
2705.

In the third stage 2715, as a result of selecting the address, the web browsing application
interface displays a menu 2730 with several options relating to the selected text. The menu
includes a copy option, as well as several options based on recognition by the mobile device that
the selected text is an address. The device (e.g., a function of the device operating system or web
browsing application) may detect addresses based on their formatting and/or matching them to a
recognized address in map data. These menu options include an option to add the address to
contacts as well as an option 2735 to add the address to the mapping application operating on the
mobile device. The user selects this last option 2735 in the third stage 2715.

As a result of this selection, the mapping application recents table 2725 now includes a
third entry, for the Tee-Cake Bakery. The entry for the bakery has been added to the top of the
table, which represents the order in which the recent destinations will be displayed when a user
selects the recents control in the vehicle user interface. Thus, because the bakery is the most
recent destination, the application adds it at the top of the table. In some embodiments, when a
user selects a destination from the recents (or searches again for the destination), the application
resets the access time for the destination, placing it at the top of the table.

While the recent destinations page of some embodiments displays recent destinations in
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order from most recently added to carliest added by default, various factors can cause the
application to rearrange the display order of the recent destinations. For instance, some
embodiments identify when a first location is a more likely destination than a second location,
and place the first location above the second location in the recents list.

Figure 28 illustrates a recent destinations page 735 of some embodiments over three
stages 2805-2815 in which the vehicle displaying the recent destinations page 735 travels over a
stretch of road. Each stage illustrates, in addition to the recent destinations page 735, a
conceptual map 2800 on which the vehicle location (and therefore the location of the device
connected to the vehicle display system) is shown. This map 2800 does not represent a user
interface display, but rather indicates a location on the shown streets of the vehicle.

The first stage 2805 illustrates the current location 2820 of the mobile device and vehicle
to which it connects in the map 2800. In addition, the recent destinations page 735 includes two
recently searched destinations (Hamburger Palace and Pot Sticker’s Restaurant), both located in
Los Angeles. The map 2800 additionally includes a pin drawn to represent a location of the first
of these listed destinations (Hamburger Palace). Further drawn on the map are a solid arrow
representing the current direction of travel of the vehicle (and device) as well as a dashed arrow
representing an optimal route to the most likely of the recent destinations. Because Hamburger
Palace is the closest of the recent destinations, and the direction of travel projected forward
overlaps with a portion of the optimal route to Hamburger Palace, the application lists this
destination first in the recent destinations page 735.

At the second stage 2810, the vehicle approaches the intersection at which the route to
Hamburger Palace diverges from the current travel direction (i.e., the intersection at which the
vehicle would turn right to travel to Hamburger Palace). At this point, the displayed recent
destinations page 735 remains the same.

The third stage 2815 illustrates the map 2800 and the recent destinations page 735 after
the user has passed the turn towards Hamburger Palace. The map now shows a route to Pot
Sticker’s Restaurant, which overlaps with the projection of the current travel direction.
Hamburger Palace, on the other hand, is located behind the current location of the vehicle in its
current direction of travel. As a result, the mapping application of some embodiments determines
that Pot Sticker’s Restaurant is a more likely destination for the user, and moves this destination

ahead of Hamburger Palace in the recent destinations page 735. In some embodiments, a
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predictive routing engine of the mapping application performs the determination of which
destination is more likely based on various factors, including direction of travel, routes to the
different possible recent destinations, frequency of previous travel to the destination, etc. The
predictive routing engine of some embodiments is described in further detail in U.S. Provisional
Application 61/832,928, filed 06/09/2013, as well as in U.S. Patent Application 14/081,899, filed
11/15/2013 and entitled “Warning for Frequently Traveled Trips Based on Traffic”. U.S.
Provisional Application 61/832,928 and U.S. Patent Application 14/081,899 are both
incorporated herein by reference.

Much like in the example in the previous section for the search feature, the mapping
application of some embodiments only synchronizes the two interfaces (mobile device and
vehicle display) once the user behavior results in a selected destination. Figure 29 illustrates a
user utilizing the recents feature on a mobile device in order to select a destination over three
stages 2905-2915 of both the mobile device mapping application UI 205 and the high-quality
touchscreen interface 565.

In the first stage 2905, both of the mapping application interfaces 205 and 565 display
their respective standard map displays. In addition, in the first stage 2905, the user selects the
search field 240 to initiate a search by the mapping application in the mobile device interface
205. The second stage 2910 illustrates that the mapping application vehicle interface 565 remains
static while the mobile device interface 205 displays a recents list. As indicated above, in some
embodiments when the user selects the search field of the mobile device interface, the
application displays a list of recent destinations, routes, etc. until the user begins typing in a
search query. The list of recents includes a previously requested route from a particular coffee
shop to a mini-golf course as well as a previously searched address (rather than a route).

At the second stage 2910, the user selects the destination 123 Opal Cove from the recents
list. The third stage 2915 illustrates the result of this selection in both of the mapping application
interfaces. In the mobile device interface 205, the mapping application displays a pin at the
selected address as well as an expandable banner 2920 for the result. This banner 2920 includes a
selectable item 2925 that enables the user to command the application to enter turn-by-turn
navigation with 123 Opal Cove as the destination. At the same time, in the vehicle interface 565,

the mapping application displays the search results map view with a pin 2930 for 123 Opal Cove
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as a selected destination. In this case, the application displays the selected destination in the
center of the map view in both Uls.

Figure 30 illustrates the corresponding action taken within the vehicle user interface 565
over three stages 3005-3015. The first stage 3005 displays the same mobile device UI 205 and
vehicle user interface 565 for the mapping application as in the first stage of Figure 29. In this
case, however, the user selects the recents control 572 in the vehicle user interface 565. As a
result, at the second stage 3010, the mapping application outputs the recent destinations page 735
to the vehicle display. Whereas the mobile device interface displayed both a location (123 Opal
Cove) and a route (Cool Coffee Shop to Putt-Putt Golf Course), the vehicle user interface recent
destinations page 735 only displays locations (i.e., possible destinations for navigation). In some
embodiments, the mapping application does not display recent routes in the vehicle user
interface, instead only displaying locations within the recent destinations page. However, when
the user has recently searched for route directions on the mobile device, some embodiments
display the destination of the route in the recents list as a possible destination. Some
embodiments display these destinations as options irrespective of whether the searched route
start point was the user’s current location or a different location.

At the second stage 3010, the user selects the destination 123 Opal Cove from the recents
destinations page 735. The third stage 3015 illustrates that the result of this selection in both of
the mapping application interfaces is the same as when the destination was selected from the
recents list on the mobile device. Specifically, the vehicle interface displays the search results
map view with 123 Opal Cove as the selected destination, while at the same time the mobile
device interface displays a pin at the selected destination as well as the expandable banner 2920.
V. PREDICTIVE ROUTING INTERFACE

As mentioned in the previous section, the mapping application of some embodiments
uses a predictive routing engine, which may be a part of the mapping application or operating
separately from the mapping application on the mobile device. In some embodiments, the
predictive routing engine can (1) formulate predictions about current or future destinations
and/or routes to such destinations and (2) relay information to the user of the device about the
predictions. In some embodiments, the predictive routing engine includes a machine-learning
engine that facilitates the formulation of predicted future destinations and/or routes based on

stored, user-specific data. The user-specific data may include any combination of the following
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in various embodiments: (1) previous destinations to which the user has traveled with the device,
(2) previous routes taken by the user with the device, (3) locations and times of events stored in
scheduling applications (e.g., electronic calendar, electronic ticket repository, etc.), and (4)
addresses parsed from e-mails and/or messages sent to or from the user.

In some embodiments, when the mobile device is connected to a vehicle display system,
the mapping application can output a series of predicted destinations and routes to those
destinations when requested by the user. Through this interface, the user can view the different
destinations and routes, and enter navigation towards one of the destination if desired.

Figure 31 illustrates the use of this predictive routing interface on the vehicle display
over four stages 3105-3120 in which the user activates the interface and views several different
predicted destinations. The first stage 3105 illustrates the high-quality vehicle touchscreen
interface 565 of some embodiments. At this stage, the user selects the predictive routing control
574 to activate a predictive routing feature.

The second stage 3110 illustrates the predictive routing user interface 755 of some
embodiments. The predictive routing Ul 755 displays, in order of likelihood as computed by the
predictive routing engine, one or more likely destinations and routes to those destinations. As
described above by reference to Figure 7, the predictive routing Ul 755 displays, for each
predicted destination, a first panel 760 with information about the destination and a second panel
765 with a map view of a route to the destination.

In some embodiments, the information panel 760 displays a name for a current
destination/route as well as metadata about the destination or route. This name may be based on
a destination name identified from contact information, a calendar appointment name, a business
name, an address, a primary road used by the route, etc. In addition, the displayed metadata may
include an estimated arrival time, the source of the route for the predictive routing engine (i.c.,
how the predictive routing engine determined the destination as a likely end point for the current
trip), whether the destination is a frequent or less traveled destination for the device (and
therefore the user of the device), etc.

The map view 765, in some embodiments, displays a map with the current location of the
device, the predicted destination, and a route generated from the current location to the predicted
destination. In some embodiments, the mapping application factors in traffic information to

select an optimal route to the destination, and may warn a user if a typically-traveled route has
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worse traffic than usual, or if the user will be late to an appointment due to traffic.

As shown in the second stage 3110, the predictive routing engine has determined that the
user’s most likely destination is her Aunt Sally’s house. The information panel 760 for this
destination includes a name for the destination (Aunt Sally’s), an estimated time of arrival (2:30),
and metadata indicating that this is a frequent destination for the user. Therefore, because the
user regularly travels to her Aunt Sally’s home, and is on a path regularly taken for that
destination, the predictive routing engine concludes that this is a likely destination for the user’s
current travel. As shown, the information panel 760 displays a selectable control 3130 for
canceling the predictive routing feature and returning to the standard map exploration view. In
some embodiments, selecting the control 3130 removes the currently predicted route from the set
of routes, causing a route for a different predicted destination to appear in the display. In this
case, each predicted route has its own selectable cancellation control.

The map view 765 displays a route from the current user location to Aunt Sally’s house.
In addition, the predictive routing user interface 755 includes a predictive routing information
bar 3125. The predictive routing information bar 3125 includes a set of circles that indicate (1)
the number of predicted likely destinations and (2) which of these is currently displayed in the
interface 755. Currently, the application displays three circles 3135 to indicate that there are
three available predicted destinations. Furthermore, the first of these circles is filled in to indicate
that the application currently is displaying information about the first (and therefore most likely
according to the predictive routing engine) of these destinations. Because additional predicted
destinations are available, the application displays a portion of the next destination at the right
edge of the display screen. In some embodiments, when only one destination is predicted by the
predictive routing feature, the application does not display the circles 3135, and in some such
embodiments, eliminates the information bar 3125 altogether.

In some embodiments, the application displays the predicted routes in a filmstrip view,
with two conceptual frames for each route. The first frame, or panel, for a route displays the
metadata (e.g., name of destination, other data) and the second frame displays the map view. In
the filmstrip view, the metadata panel for the second route comes after the map panel for the first
route. The second stage 3110 additionally shows a condensed view 3140 of such a filmstrip, with
the primary display of this stage illustrating the actual display of a portion of that filmstrip within

the display screen. As shown, the condensed view illustrates three pairs of frames, each pair
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including a route metadata panel and a route map panel.

In addition, at this second stage 3110, the user performs a left swipe gesture on the
vehicle touchscreen display. In some embodiments, the user can utilize such gestures (or similar
touch gestures) in order to select different predicted destinations. Thus, as a result, the third stage
3115 displays the second of the predicted destinations, Uncle Harry’s, and a route to this
predicted destination. In some embodiments, the application animates this transition by sliding
the first destination information off to the left while concurrently sliding the information for the
second destination onto the display. This simulates the sliding of the filmstrip shown in
condensed view 3140 leftwards in order to show the second pair of panels in the display.

As shown in the information panel 760, this new destination is the user’s Uncle Harry’s
house, for which the estimated arrival time is 2:40. The metadata also indicates that the
destination is a rare destination for the user, but is based on a calendar event at the location. As
shown in lower the information bar 3125, the second of the three circles, rather than the first, is
now filled in. Furthermore, the cancellation control 3130 remains within the information panel
760.

Furthermore, at the third stage 3115 the user again performs a leftward swipe gesture. As
shown at the fourth stage 3120, this again causes the application to slide the information for the
second destination to the left and indicate a third predicted destination. This third destination has
a name of Dentist, an ETA of 2:43, and is a rarc destination for the user. In addition, the
metadata indicates that the user has an appointment at the dentist today. As an example, the user
might have scheduled a dentist appointment for 4:00, and also added a calendar event to see her
uncle at 3:00. In addition, the third of the circles 3135 is now filled in.

The previous figure illustrated the predictive routing interface for the high-quality
touchscreen user interface of some embodiments. In some embodiments, the low-quality
touchscreen interface and the non-touchscreen interface have similar predictive routing features.
Figure 32 illustrates the same scenario as the previous Figure 31, displayed in the low-quality
touchscreen interface of some embodiments, over four stages 3205-3220. The first stage 3205
illustrates the low-quality vehicle touchscreen interface 570, with the user selecting the
predictive routing control 584 to open the predictive routing feature.

The second stage 3210 illustrates the low-quality touchscreen predictive routing interface

3200. For the most part, the low-quality touchscreen interface 3200 is the same as the high-
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quality touchscreen interface 755. However, the interface includes additional right and left arrow
controls 3225 and 3230 within the information bar 3240, at the far ends of the bar. The circles
3235 representing the different predicted destinations are located in this information bar 3240, as
in the high-quality touchscreen example. Because low-quality touchscreens often have high
touch latency, they may have trouble detecting the swipe gestures used to select between
different predicted destinations. Thus, the low-quality touchscreen interface of some
embodiments includes the arrow controls 3225 and 3230 for selecting between different
predicted destinations. In addition, the information bar 3240 is larger in the low-quality
touchscreen situation so that the touch buffer around the arrows 3225 and 3230 can be made
larger.

However, as shown in this figure, the low-quality predictive routing interface 3200 of
some embodiments still accepts swipe gestures to change the displayed predicted destination.
Thus, the second stage 3210 illustrates a user performing a leftward swipe gesture, and the third
stage 3215 illustrates that the interface now displays the second of the predicted likely
destinations (as in the third stage 3115 of Figure 31). At this stage, rather than swiping, the user
selects the right arrow control 3230. As shown at the fourth stage 3220, the selection of the right
arrow causes the same action in the interface as a leftward swipe gesture, as the mapping
application now displays the third predicted destination in the interface 3200.

The predictive routing feature is also available in the non-touchscreen vehicle interface of
the mapping application. In some embodiments, the display for non-touchscreens appears the
same as the high-quality touchscreen predictive routing interface, with the exception of the
cancel button 3130. In order to select between predicted destinations, the user shifts a joystick
left or right, turns a knob, rotates a trackball, etc. Because the cancel button is not available, the
user can exit the predictive routing feature by using a back button or similar built-in vehicle
control in order to return to the standard map view interface.

The above figures illustrate the predictive routing interface of some embodiments. In the
example, three predicted destinations are shown in an order of decreasing likelihood of being the
user’s actual destination. In some embodiments, the predictive routing is regularly updating the
likelihood of various possible destinations, and can add destinations to the display, remove
destinations from the display, or modify the order of the destinations.

Figure 33 illustrates an example of the predictive routing engine reordering the
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likelihood of various destinations, and the subsequent effects in the predictive routing interface
755 over four stages 3305-3320. The first stage 3305 is the same as the second stage 3110 of
Figure 31, with the predictive routing interface 755 displaying Aunt Sally’s as the most likely
destination based on various factors, and two additional destinations available for the user to
view. In the second stage 3310, the user has traveled towards an intersection at which she would
turn right to travel to Aunt Sally’s. At this point, the user interface is the same.

At the third stage, the user has reached the previously mentioned intersection and turned
left, away from the route to Aunt Sally’s. Thus, when the predictive routing engine updates its
likelihood, it determines that Uncle Harry’s is now a more likely destination than Aunt Sally’s
based on all of its collected information. Specifically, the predictive routing engine determines
that Aunt Sally’s is no longer a relevant destination, because the user is now driving away from
that destination. Thus, as shown at this stage, the view for Aunt Sally’s as a destination begins
sliding to the left off of the screen. The fourth stage 3320 illustrates that the predictive routing
interface 755 now displays the view for Uncle Harry’s as the destination, because this is the most
likely destination as calculated by the predictive routing engine. In addition, because the
application has determined that Aunt Sally’s is no longer a relevant destination, the application
only has two possible destinations, and modifies the circles 3325 accordingly.

In some embodiments, if Aunt Sally’s still remained a viable, relevant destination, the
mapping application would not change the displayed destination even if a different destination
(e.g., the dentist) became more likely. However, because Aunt Sally’s was no longer a relevant
route after the user turned left at the intersection (a bifurcation point), the application removed
the route from the display. In some embodiments, if only one route was originally predicted, and
the predictive routing engine then determines the route to not be relevant, the application would
return to the map exploration user interface.

In some embodiments, the mapping application only changes the display within the
context of the normal display of the interface. That is, the application does not suddenly switch
the display order of the three destinations to match the newly calculated order, but instead slides
the first destination off of the screen and slides the more likely destination into the view.
However, in such embodiments, if the predictive routing engine determined that, rather than the
dentist as a third most likely option, a different destination was more likely, then some

embodiments would modify the user interface such that when the user performed a swipe gesture
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to view the second destination (Uncle Harry’s), the new third destination would appear on the
right side of the display (because this change could be performed off-screen and therefore would
not be visually jarring). However, when the application determines that a route partially shown
on the display screen (e.g., Uncle Harry’s in the first stage 3305) is no longer relevant at all,
some embodiments will change the route in this panel, even though it may be a jarring change to
the display, so as to avoid displaying information for which the user is not likely to have a use.

Figure 34 illustrates another example of changes made by the predictive routing engine
to the order of likely destinations over six stages 3405-3430 in which the user, while traveling,
exits the predictive routing interface 755 and then returns at a later time to the predictive routing
interface. The first stage 3405 illustrates the predictive routing interface 755 in the same state as
the second stage 3115 of Figure 31, with Aunt Sally’s as the displayed most likely destination
and Uncle Harry’s as the second most likely destination. At this stage, the user selects the
cancelation control 3130 in order to leave the predictive routing interface.

As a result, the second stage 3410 illustrates the high-quality vehicle touchscreen
interface 565 of some embodiments. The third stage 3415 illustrates this interface six minutes
later as the user approaches an intersection. This intersection represents a decision point for the
predictive routing engine, because a right turn takes the user towards Aunt Sally’s house while a
left turn takes the user towards Uncle Harry’s house. As shown at the fourth stage 3420, five
minutes later, the user has taken a right turn at the intersection.

Also at this fourth stage 3420, the user selects the predictive routing control 574 to re-
enter the predictive routing interface 755, shown at the fifth stage 3425. At this stage, because
the user turned right and remains along the optimal route towards Aunt Sally’s, the calculated
most likely destination (and therefore the first destination displayed in the predictive routing
interface) is Aunt Sally’s. However, as a result of turning to the right at the intersection, Uncle
Harry’s is no longer the second predicted destination. In fact, as shown by the circular indicators
3435, the mapping application only receives two destinations to display from the predictive
routing engine. In some embodiments, only destinations that meet a minimum threshold for
likeliness are displayed in the predictive routing interface. In the fifth stage 3425, the user also
performs a leftward swipe gesture. As a result, the sixth stage 3430 illustrates the second
predicted route, to the dentist.

In the above examples, the different predicted destinations and associated routes are
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arranged in a filmstrip view. As the user performs a swipe gesture (or selects a scroll arrow,
rotates a knob or other non-touchscreen control, etc.), the application animates the sliding of the
conceptual filmstrip through the display screen. Figure 35 illustrates this animation over three
stages 3505-3515. The first stage 3505 is the same as the second stage 3110 of Figure 31, and
the third stage 3505 is the same as the third stage 3115 of that figure (without the additional
swipe gesture shown in the third stage 3115 of Figure 31). The second stage 3510 illustrates the
animation of some embodiments to transition between these stages. Specifically, at this stage, the
information panel and part of the map view for the first predicted route has slid off of the
display, while the entirety of the information panel and part of the map view for the second
predicted route has slid onto the display.

In some embodiments, a different arrangement and animation of the predicted routes is
used. Rather than arranging the displays for the predicted routes one after another in a filmstrip,
some embodiments conceptually treat the displays for different routes as cards stacked on top of
cach other. Figure 36 illustrates the animation between two predicted route displays for this type
of arrangement. As shown at the first stage 3605, in some embodiments, the application does not
display a portion of the information for the second predicted route while showing the view for
the first route. While this is shown for the stacked-card arrangement, one of ordinary skill will
recognize that some embodiments that use the filmstrip arrangement will also not display any
portion of the information panel for the next predicted route. As in the previous figure, at this
stage the user performs a swipe gesture to cause the application to display the second predicted
route.

The second stage 3610 illustrates that, rather than animating the display for the second
predicted route sliding off of the screen as the first predicted route display slides onto the screen,
in this example the application reveals the second predicted route display underneath as the first
predicted route display slides off. In the third stage 3615, the animation has completed and the
second predicted route display occupies the entire screen.

As with many of the other features described above, the predictive routing feature enables
the user to quickly and easily find a desired destination and enter a turn-by-turn navigation mode
towards that destination. While the illustrated interface for the predictive routing feature does not
include a particular control for entering navigation, in some embodiments when the mapping

application receives a tap gesture within the display, the application enters the turn-by-turn
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navigation mode towards the currently shown destination. In different embodiments, this tap
input may be located within the map view for a destination, within the information panel for the
destination, or within either of these areas.

Figure 37 illustrates this feature of the predictive routing interface of some embodiments
for entering the turn-by-turn navigation mode of the mapping application over two stages 3705-
3710. The first stage 3705 illustrates the predictive routing interface 755 of some embodiments,
as shown in the previous figures. In this stage, a user performs a tap gesture over the map view
panel 765 with Aunt Sally’s as the currently displayed destination. As shown at the second stage
3710, based on this gesture, the mapping application has entered its turn-by-turn navigation
mode for a route heading to Aunt Sally’s. In other embodiments, the application displays a
specific selectable option for entering turn-by-turn navigation, and a tap gesture over the display
instead returns the display to the map exploration user interface. The turn-by-turn navigation
mode of some embodiments will be described in further detail in the following Section VI.

In the above examples, the predictive routing user interface displays a series of predicted
destinations, as well as routes to those destinations. In some embodiments, when the user selects
the predictive routing control, the application displays on the vehicle screen traffic information in
the vicinity of the vehicle. For instance, if the vehicle is traveling on a freeway, some
embodiments indicate whether the traffic is normal, lighter than usual, or heavier than usual on
the freeway. Some embodiments display such a vicinity-based information panel first, then the
user can swipe to view the above-described destination-based panels.

Figure 38 conceptually illustrates a simplified software architecture of a mapping and
navigation application 3800 of some embodiments that operates on a mobile device and performs
the predictive routing features discussed above. As shown, the mapping application 3800
includes search functions 3805, a destination generator 3810, a route genecrator 3815, and
additional mapping and navigation functions 3820. In addition, the mapping application stores a
mapping application recents database 3825, and the mobile device stores harvested system data
3830.

The mapping application recents database 3825 stores, in some embodiments, data about
recent searches performed by the mapping application (e.g., by the search functions 3805). For
example, in the above examples, when a search result yields a specific destination, the

application stores that destination in the recents database 3825. When the search is performed
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over a particular category (e.g., coffee shops), some embodiments store the category in the
mapping application recents database 3825 as well.

The harvested system data 3830, in some embodiments, is not stored specifically by the
mapping application. Instead, an address harvester that runs separately on the mobile device
(e.g., within the operating system) stores various data within the harvested system data 3830. In
some embodiments, the address harvester stores phone numbers, e-mail addresses, and physical
addresses in the harvested system data 3830. In some embodiments, the phone numbers are
harvested from phone calls and/or text messages, and the e-mail addresses are harvested from e-
mails and/or text messages. In addition, the data may include groups of phone numbers and/or
groups of e-mail addresses that were used to send messages or e-mails to several recipients at
once.

The harvested physical addresses may come from numerous different sources in some
embodiments. For instance, e-mails and text messages may include physical addresses that a
harvester recognizes by their formatting and stores in the database 3830. Scheduled events (e.g.,
from an electronic calendar or an electronic ticket repository) may include a location and the
system data 3830 stores this information (as well as times associated with the events, in some
embodiments). In some embodiments, a web browser running on the mobile device allows a user
to select addresses (e.g., of a place of business that the user looks up in the web browser) and add
those addresses to the data store 3830. In some embodiments, the harvested system data 3830
includes contacts information from the user’s address book, which may include phone numbers,
e-mail addresses, and physical addresses.

The harvesting of both telecommunications addresses (€.g., e-mail addresses and phone
numbers) and physical addresses is described in further detail in U.S. Provisional Application
61/832,850 and the U.S. Patent Application 14/081,850, entitled “Harvesting Addresses”. U.S.
Provisional Application 61/832,850 and U.S. Patent Application 14/081,850 are both
incorporated by reference above.

The mapping and navigation functions 3820 perform a wide variety of mapping and/or
navigation processes for the mapping application. These functions may include identifying map
tiles from which to generate map displays and retrieving the map tiles from a remote server,
matching a device location to a location on a map, retrieving route information from a server,

generating text and/or graphical navigation instructions for a route based on the retrieved route
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information, generating one or more user interfaces for the application, and other functions.

The search functions 3805, in some embodiments, perform searches as described above
by reference to Figure 23. Thus, the search functions 3805 initially receive a search request (i.e.,
a set of search terms) and attempt to find one or more matching results (i.e., locations) within the
physical addresses stored in the harvested system data. Thus, if a user has received an e-mail
with an address on a particular street, the user can search for the street name on its own and the
search functions 3805 will return the more specific address on the street by using the harvested
system data 3830. When the search functions 3805 cannot find a result in the harvested system
data 3830, then the search functions 3805 use a search engine to perform the search in some
embodiments. Once search results are retrieved, from either source, the search functions 3805
store the search results to the mapping application recents database 3825 in some embodiments.
Thus, when the user requests recent locations, the application uses the recents database 3825 to
populate the fields in the requesting user interface. In addition, the search results are sent to the
mapping and navigation functions 3820 for output to one or more user interfaces.

The destination generator 3810 of some embodiments uses travel history of the device,
harvested physical locations from the harvested data 3830 (e.g., contact information, addresses
received in messages or e-mails within a particular recent time period, locations of scheduled
events, etc.), and/or locations from the mapping application recents database 3825, along with
additional inputs such as the system clock (to retrieve the current time) and a location
identification engine (to retrieve a current location). The destination generator 3810 uses this
data to identify predicted destinations to which it expects the device (and thus the user) to travel.
The mapping application can then retrieve routes to the predicted destinations from the current
location (e.g., from a directions server that generates routes from one location to another), and
use the predicted destinations and associated routes to populate various user interface features.
For instance, the predictive routing interface for the vehicle display described in this section uses
these predicted destinations and routes to the destinations in some embodiments.

In some embodiments, the route generator 3815 creates sets of associated destinations,
with each set specified as a possible route for traveling. In some embodiments, each set of
associated destinations includes start and end locations, a number of locations in between the
start and end locations, and a number of motion records specifying rate of travel (e.g., between

the locations). In some embodiments, the predicted route generator uses a machine-learning

70



10

15

20

25

30

WO 2014/151152 PCT/US2014/025115

function to stitch together previously unrelated destination, location, and motion records into
contiguous sets that specify potential routes. As with the output of the destination generator
3810, the routes generated by the route generator 3815 may be used by the mapping application
of some embodiments to output useful prediction information (e.g., to identify that a user is
likely to be following a particular route soon and warn the user about traffic along that route).
The destination and route prediction functions of some embodiments are described in further
detail in U.S. Provisional Application 61/832,928 and U.S. Patent Application 14/081,899,
entitled “Warning for Frequently Traveled Trips Based on Traffic”, which are both incorporated
by reference above.

In addition to the mapping application functions described above, the harvested system
data may be used for other features of the mobile device. For instance, in some embodiments the
harvested system data 3830 can be used by the e-mail or messaging functions to quickly identify
a recipient for a message. This may be especially useful for the vehicle interface, which in some
embodiments performs messaging through dictation, without any typing. Figure 39 illustrates
the vehicle display screen over four stages 3905-3920 in which a user activates a messaging
function and dictates a message to a recipient. The first stage 3905 illustrates the touchscreen
home page 550 of some embodiments. In this case, the user selects the messaging control 564, in
order to activate a messaging (e.g., SMS) feature of the mobile device.

The second stage illustrates a messaging interface 3900 of some embodiments. The
messaging interface 3900 includes a prompt 3925 (which may also be output as audio via the
vehicle speakers), a cancel control 3930 for closing the messaging interface without sending a
message, and a done control 3935 for indicating to the messaging application that dictation has
completed. In some embodiments, unlike the search function of the messaging application, the
messaging application uses a more interactive voice recognition feature, in which the answers to
a first prompt may be used to inform recognition of answers to subsequent prompts. In the
second stage 3910, the messaging feature requests a recipient for a message, and the user dictates
“Jerome”.

The third stage 3915 illustrates that the messaging feature uses the harvested data of some
embodiments to identify a telecommunications address (e.g., phone number, e-mail) to which to
send the data. In this case, although the user does not have any contacts named Jerome, a text

message had previously been received correlating the name Jerome Smith to a phone number.
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Thus, the messaging interface 3900 now requests that the user dictate a message to Jerome
Smith. As shown by the highlighting 3940, the recipient is a selectable item in some
embodiments, which the user can select in order to change recipients for the message. Also, at
this stage, the user dictates a message, “Be there in ten”. The fourth stage 3920 illustrates the
resulting message, with a control 3945 for allowing the user to send the message.

VI. NAVIGATION MODE

As described above, the mapping application vehicle user interface of some embodiments
is designed for the user to quickly and ecasily identify a destination for entering turn-by-turn
navigation. When the mobile device on which the mapping application operates is connected to
the vehicle display system, in some embodiments the mapping application outputs different
views for navigation to the two different interfaces. Specifically, the mapping application outputs
a map view from above and/or behind the vehicle to the vehicle display screen, while outputting
only navigation instructions to the mobile device display screen.

Figure 40 illustrates the operation of the turn-by-turn navigation user interface of some
embodiments for the vehicle display over six stages 4005-4030 in which the vehicle approaches
an intersection and a user follows navigation instructions to perform a maneuver at the
intersection. The first stage illustrates the search result map view page 852, with a particular
search result and possible destination selected. In addition, at this stage 4005, the user selects the
control 880 to enter turn-by-turn navigation.

The second stage 4010 illustrates that the mapping application has entered turn-by-turn
navigation mode, and now displays the navigation mode user interface 885 of some
embodiments on the vehicle display screen. As described above, the navigation user interface
885 includes the lower information bar, a navigation map 890, a 3D control 895, and a direction
list control 897. The navigation user interface 885 additionally includes a navigation information
bar 4050. In some embodiments, this bar is displayed in such a way as to appear similar to a
street sign.

The 3D control 895 enables a user to toggle the navigation map 890 between 3D and 2D
animation, while the direction list control 897 enables the user to view a list of instructions for
upcoming maneuvers along the route being traveled. As shown, some embodiments
automatically begin navigation with the 3D control 895 selected and the navigation map in three

dimensions. Other embodiments begin navigation in two dimensions by default rather than the
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three dimensional view. In some embodiments, whether to begin in 2D or 3D is a user-selectable
option within the mapping application. In addition, some embodiments animate the transition
from the map view shown in the first stage 4005 to the navigation view shown in the second
stage 4010.

The navigation information bar 4050 includes information about the next maneuver along
the navigated route as well as route summary information. Specifically, the route summary
information of some embodiments includes the estimated arrival time (2:18), distance remaining
in the route (1.2 miles), and time remaining for the route (4 minutes). The summary of the next
mancuver along the route includes a graphical representation of the maneuver and intersection, a
distance to the next maneuver that counts down, and text instructions describing the maneuver.
This maneuver summary information will be described additionally below by reference to the
navigation instruction panel 4035, shown in subsequent stages of this figure.

As the vehicle to which the mobile device running the mapping application is connected
approaches a mancuver, the application of some embodiments slides a navigation instruction
panel into the navigation user interface 885 in order to alert the driver of the upcoming maneuver
to perform. The third stage 4015 illustrates that as the vehicle approaches the intersection where
the route turns right, a navigation instruction panel 4035 begins to slide onto the display, as
represented by the right-facing arrows (which are not actually displayed within the user
interface). The mapping application of some embodiments animates the introduction of this
panel once the vehicle approaches within a threshold distance (e.g., 250 ft., 200 ft., 100 m, etc.)
of the intersection at which the maneuver will be performed.

In some embodiments, the navigation instruction panels always appear on the driver side
of the display. Therefore, in countries such as the United States, that drive on the right side of the
road (with the driver seat on the left side of the car), the application places the panel on the left
side of the display. On the other hand, in countries such as the United Kingdom that drive on the
left side of the road (with the driver seat on the right side of the car), the application places the
navigation instruction panel on the right side of the display.

The third stage 4015 also illustrates that the application no longer displays the navigation
information bar 4050 in the UL In some embodiments, the application either removes the
information bar or animates out the information bar (e.g., by sliding the bar off of the display,

fading out the bar, etc.) before sliding the information panel 4035 onto the screen (or otherwise
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animating its appearance). Because the next maneuver information is displayed in the
information panel and the route summary information is not needed for the short period
approaching a maneuver, the application can remove the bar for this period of time. In various
other embodiments, the information panel 4035 slides over the information bar as the
information bar animates off of the display, or the information bar shrinks so as to fit within the
width of the display reserved for the map view 890.

The fourth stage 4020 illustrates the navigation user interface 885 after the animation to
slide the navigation instruction onto the display has completed. The 3D map view at this stage
has been compressed into a smaller region of the display. In some embodiments, the mapping
application smoothly animates the compression of the navigation map 890, while sliding the 3D
control 895 with the map.

The navigation instruction panel 4035 of some embodiments is designed to have the
appearance of a road sign, such as one might see along the side of a freeway. Some embodiments
use different colors, textures, or other aspects of the appearance of the navigation instruction
panel to match the appearance of road signs in the location (e.g., country, state, etc.) of the
vehicle. Within the panel, the application displays (1) a graphical instruction of the upcoming
maneuver to perform and (2) a text instruction describing the manecuver.

In some embodiments, the mapping application generates, for each maneuver along a
route, at least two different stylized graphical indicators. These include a complex graphical
indicator that shows all roads entering and leaving the intersection as well as an arrow indicating
the maneuver through the intersection, and a simpler graphical indicator that shows only an
arrow indicating the maneuver (e.g., a right turn). In this case, the application uses the more
complex graphical indicator in the navigation panel, as well as in the information bar 4050. The
graphical maneuver indicators of some embodiments are described in greater detail in the U.S.
Application 13/632,117, filed September 30, 2012, which is incorporated herein by reference.

The mapping application of some embodiments additionally generates several different
sets of text instructions for each maneuver along a route based on information derived from the
route. The application synthesizes various instruction elements based on route data, then
combines these instruction elements in different ways to generate sets of text instructions. The
application then uses one of the sets of text instructions based on the amount of space available,

whether information is already displayed in a different form, and other factors. The text
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instructions of some embodiments are described in greater detail in the U.S. Application
13/632,117, incorporated by reference above.

The fifth stage 4025 illustrates the navigation UI 885 after the vehicle (and therefore the
device) has proceeded through the intersection along the route, as specified by the navigation
instruction panel 4035. At this point, the panel 4035 begins sliding back off of the display (as
indicated by the leftward facing arrows, which are not displayed in the UI). As the instruction
panel slides off of the display, the map view increases in size and the 3D control moves back to
the left, with the opposite animation as that used for sliding the instruction panel into the display.

While not shown in this figure, in some embodiments the navigation instruction panel
counts down the distance to the intersection at which the vehicle will perform the displayed
mancuver. In the fourth stage 4020, the instruction panel displays 200 feet as the distance to the
next intersection. Before removing the sign in the fifth stage 4025, the application changes this
displayed number at various threshold distances from the intersection (e.g., 150 ft., 100 ft., 50 ft.,
40 ft., 30 ft., 20 ft., and 10 ft., or a different combination of distances).

The sixth stage 4030 illustrates the navigation UI 885 after the application has completed
the removal of the instruction panel from the display. The navigation information bar 4050 has
returned, and displays a summary of the new next mancuver. At this point, the navigation map
view will follow along behind the indicator of the device location 4040 until the next intersection
is approached, or the user selects one of the controls in the user interface (e.g., the 3D control or
the list control).

When the user does select the direction list control during navigation, the mapping
application of some embodiments animates a presentation of a list of maneuvers to perform for
the currently presented route over the navigation view. Figure 41 illustrates the animation of the
direction list of some embodiments over four stages 4105-4120. The first stage 4105 illustrates
the navigation user interface 885, as described above by reference to Figure 40, with a 3D
control 895 and direction list control 897, and navigation information bar 4050. In this first stage,
the user selects the direction list control 897 (with a tap input) to cause the application to display
the direction list rather than the navigation map presentation.

The second stage 4110 illustrates that, as a result of the user selection, the application
begins animating a direction list 4125 onto the vehicle display. As shown, in some embodiments,

the application slides the direction list upwards over the map view from the bottom of the display
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screen. In other embodiments, the direction list may slide in from the left or right, from the top,
or may appear on the screen via a different animation (e.g., an enlargement of the direction list
control to the size of the full screen).

The third stage 4115 illustrates the display after the animation to display the direction list
4125 has fully completed. As shown, in some embodiments, the direction list begins with a
starting location (1018 Chico Ave ...). When a name for the location is available (e.g., based on
contact information indicating a particular person’s house, map data indicating a place of
business, etc.,) some embodiments additionally display this name as part of the starting address.
Next to the address, the application displays a pin to indicate that the entry in the direction list is
a location, rather than a maneuver.

Below the starting location, the direction list includes an entry for each maneuver along
the route. In some embodiments, the mapping application receives route data from a mapping
server as a series of junctions through which the route travels. The mapping application identifies
the junctions at which maneuvers will be performed, and generates graphical indicators and sets
of instructions for these maneuvers (as described above). Within an entry in the direction list,
some embodiments use the simplified graphical indicator for each maneuver (e.g., an arrow
showing the maneuver that does not include the other roads at the intersection). In addition, each
entry for a maneuver along the route includes a distance from the previous maneuver and a set of
text instructions generated as described above.

In some cases, the entire direction list may not fit on the display screen. In order to view
additional directions, the user can scroll through the list in some embodiments. The third stage
4115 illustrates a user performing an upward swipe gesture over the direction list 4125. As a
result, the fourth stage 4120 illustrates that the application has scrolled the direction list to its
end, such that the destination (and thus the end of the route) is now displayed. Some
embodiments include two entries to indicate the destination. The second to last entry in the list
includes an indicator of the end of the route, with information about the distance from the
previous maneuver to the destination and information informing the user regarding on which side
of the street the destination is located. The final entry includes name and address information for
the destination, similar to the starting address information.

Because the user explores the direction list by using swipe gestures to scroll through the

list, some embodiments include additional controls for scrolling up and down in the low-quality
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touchscreen interface. For instance, some embodiments display up and down arrows along the
right or left side of the direction list that the user can select with a tap input in order to scroll the
list by a particular amount (e.g., one entry, three entries, etc.).

The direction list 4125 additionally includes a control 4130 for returning to the
navigation presentation 885. When a user selects this control, the application displays the reverse
animation of that used to display the direction list. For instance, in this example, selecting the
control 4130 would cause the application to slide the direction list downwards on the display,
revealing the navigation map view underneath.

In this example, the direction list 4125 slides up and over the navigation information bar
4050. In other embodiments, however, the direction list 4125 only covers the display of the map
view of navigation, and not the direction list. This enables the user to view the direction list
while also able to see the summary information (e.g., the estimated arrival time, next maneuver)
which may be useful to the user.

In some embodiments, the user can view the navigation map in overview mode, rather
than the animated view from above and/or behind the representation of the moving vehicle.
Figure 42 illustrates a user accessing this overview mode in the vehicle user interface over three
stages 4205-4215. In this first stage 4205, the user performs a specific type of touchscreen input
(in this case, a tap, though in different embodiments different inputs may be used) over the
animated map view 890 of the navigation user interface 885.

The second stage 4210 illustrates that this action causes the application to modify the
navigation information bar 4050. The upper portion of the vehicle display now includes an end
navigation control 4220 and an overview control 4225. The end navigation control 4220 allows
the user to end the current turn-by-turn navigation mode and return to the map exploration
interface. The overview control 4220 allows the user to view an overview of the route being
navigated. In addition, the route and maneuver information in the navigation information bar is
compressed to fit within a smaller areca. This bar continues to display the same route summary
information (arrival time, remaining distance, remaining time), and also displays the graphical
representation and distance to the next maneuver in the same manner. The text instructions,
however, use a shorter version in order to fit within the smaller arca. Some embodiments remove
the text instructions altogether.

The user selects the overview control 4225 at the second stage 4210 (via a tap input). As
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a result, the mapping application displays a route overview map 4230 at the third stage 4215. The
overview map of some embodiments displays a map at a zoom level such that the entirety of the
remaining route, from the current location to the ending location, fits within the display. In
addition, the map shows the route line for the remainder of the route. Some embodiments, rather
than showing the remaining route, display the entirety of the route from the starting location to
the destination. The display also includes a resume navigation control 4235 in place of the
overview control 4225. Selection of the resume navigation control causes the application to
resume the animated map view of navigation shown in the first stage 4205.

This figure (and the other figures in this section) illustrate turn-by-turn navigation within
the touchscreen user interfaces of some embodiments. However, the non-touchscreen interfaces
also have the capability to enter turn-by-turn navigation mode. Some embodiments limit the
functionality for non-touchscreen displays (e.g., always displaying in either 2D or 3D with no
control to switch back and forth, not having a direction list control, etc.), while other
embodiments use various types of inputs from the built-in vehicle controls to toggle between 2D
and 3D presentations or to cause the application to animate the direction list onto or off of the
display. Some embodiments, in fact, modify the mobile device interface during navigation
(described below) to include the 3D control and direction list control. Selection of these controls
on the mobile device then affects the non-touchscreen vehicle interface.

The above examples illustrate the vehicle display screen when the mapping application
enters turn-by-turn navigation mode. In some embodiments, when the application enters the turn-
by-turn mode, it locks the mobile device interface into a corresponding display. Specifically, the
application displays on the mobile device on which the application operates a large set of
instructions for the upcoming maneuver along the route being navigated in some embodiments.

Figure 43 illustrates the display of the mobile device during the turn-by-turn navigation
mode according to some embodiments. Specifically, this figure illustrates the display of both the
mobile device and the vehicle interface over three stages 4305-4315 as the user approaches and
turns through an intersection. The first stage 4305 illustrates both a mobile device 4300 and the
vehicle display screen after the mapping application has entered turn-by-turn navigation mode.
As shown, the vehicle display screen displays the navigation mode user interface 885 of some
embodiments.

The mobile device 4300 on which the mapping application operates displays a blank
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screen with only navigation instructions. Specifically, the mobile device displays a larger version
of the navigation instruction panel for the next maneuver, irrespective of the distance to that next
maneuver. This display includes the maneuver information also displayed in the navigation
information bar 4050, without the route summary (e.g., ETA) information in some embodiments.
Thus, until the navigation information bar 4050 is replaced with a navigation instruction panel,
its distance to maneuver, graphical manecuver representation, and text instructions will be the
same as the mobile device display. Once the navigation instruction panel is displayed on the
vehicle screen, the mobile device display matches this instruction panel. While shown with a
white background in these figures, some embodiments use a black background with white text
and instructions rather than the other way around. At the first stage, the vehicle and device are
beyond the threshold for displaying the navigation instruction panel within the vehicle display
(400 ft. away from the next manecuver). However, the mobile device displays (1) a complex
graphical indicator 4325 for the upcoming maneuver and (2) text instructions 4330 describing
the maneuver.

As described above with respect to its display in the navigation instruction panel, the
complex graphical indicator includes a thick arrow showing the maneuver through the
intersection as well as lighter (e.g., dimmer, thinner, etc.) lines marking the other roads that enter
and/or exit the intersection at which the maneuver will be performed. The text instructions
indicate a regularly changing distance to the next maneuver, as well as information about the
maneuver to perform (e.g., a particular type of turn onto a particular road). While this example
shows a right turn, other instructions could include left turns, U-turns, merges, freeway exits, etc.

The second stage 4310 illustrates the two user interfaces as the vehicle and device
approach the intersection at which the route makes a right turn onto State St. At this point, a
navigation instruction panel 4320 has been animated onto the display, and the navigation
information bar removed, because the vehicle and device are now closer to the intersection. Once
present, the navigation instruction panel 4320 and the mobile device 4300 display the same
information in some embodiments. However, the mobile device always displays the next
instruction, enabling the driver or passenger to quickly view the next maneuver to perform
irrespective of the distance to that next maneuver, without the need to view the entire direction
list or even interact with either interface.

In the third stage 4315, the vehicle has maneuvered through the intersection and onto
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State St. Thus, the application has removed the navigation instruction panel 4320 from the
display while enlarging the size of the navigation map presentation and returning the navigation
information bar 4050. In addition, because the user has completed the maneuver, the mobile
device 4300 now displays a new graphical indicator 4335 and text instructions 4340 for the new
upcoming maneuver (another right turn, but at a four-way intersection rather than a three-way
intersection), in both the mobile device display and the navigation information bar.

In some cases, a navigated route will have two maneuvers within quick succession of
cach other. In some embodiments, the application modifies both the device and vehicle Uls to
account for such manecuvers. Figure 44 illustrates the display of both the mobile device and
vehicle Uls over three stages 4405-4415 in which the vehicle approaches a first maneuver with a
second manecuver following the first in rapid succession.

The first stage 4405 illustrates the two user interfaces when the vehicle (and device) are
400 feet from the first maneuver. At this stage, the navigation map UI 885 of the device does not
yet display the navigation information panel, instead displaying the navigation information bar
4050. However, the subsequent maneuver will occur only a short distance (e.g., 50 ft.) after the
next maneuver, and therefore the application displays a second navigation bar 4420 (or sign)
below the information bar 4050. This second navigation bar 4420 only illustrates maneuver
information, as including route summary information would be redundant. Thus, the navigation
bar 4420 includes a stylized graphical representation of the second maneuver and text
instructions for the maneuver. Because the second maneuver comes so quickly after the first, no
distance from the first to second maneuver is presented. In addition, the mobile device 4400
displays a split screen to show the two maneuvers. In this example, the two maneuvers are given
equal portions of the split screen, with the lower maneuver again not including a distance.
However, other embodiments display the second mancuver in a smaller portion of the display
screen.

The second stage 4410 illustrates the two displays after the vehicle has approached within
a threshold distance of the first maneuver (e.g., within 200 feet). As a result, the application has
slid a navigation instructions panel 4425 onto the left side of the display. As in the previous
examples, this instructions panel mirrors the display shown on the mobile device. Thus, the
instructions panel is split into an upper half displaying the summary information for the first

maneuver and a lower half displaying the summary information for the subsequent maneuver.
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The third stage 4415 illustrates the displays after the vehicle has performed the first
mancuver. Because the maneuver after the turn onto Hill St. is more than a threshold distance
(e.g., 200 ft.) of its previous maneuver, the application no longer displays a split screen for the
device and split panel for the navigation instructions panel in the vehicle display. As shown,
some embodiments display the distance to the maneuver once only one maneuver is shown, to
give the same appearance as when the application had counted down to the maneuver from a
greater distance.

Figure 45 illustrates the same situation, except that the mobile device is held in
landscape orientation rather than portrait orientation. In this case, the progression of the vehicle
display is unchanged from the previous figure. For the device in landscape orientation, the
application splits the display horizontally rather than vertically for the two sets of mancuver
instructions, with the instructions for the first maneuver appearing on the left side.

In addition to entering navigation and arriving at the displays shown in Figures 43-45 by
selecting a destination in the vehicle interface (as shown in Figure 40), some embodiments also
enable the user to select a destination and enter navigation via the mobile device interface.
Figure 46 illustrates a use of the device interface to request a route from the device’s current
location to a destination location, then the subsequent selection to enter navigation, over three
stages 4605-4615.

The first stage 4605 illustrates that the mapping application is open on a mobile device
4600 while connected to a vehicle display. The vehicle touchscreen displays the high-quality
touchscreen map exploration interface 565, while the user has previously selected a search field
of the mobile device map interface to cause the application to display a list of recent routes and
locations. The user selects a route from the device’s current location to Putt-Putt Golf Course
from this recents list.

As a result, the mobile device 4600 in the second stage displays a route display interface
4620 showing possible routes between the selected start and end locations. In addition to various
map controls (e.g., a position control, 3D control, and a direction list control), the route display
interface 4620 includes three selectable routes between the two locations. In some embodiments,
the three labels that indicate the estimated travel time for each of the routes are selectable to
select the corresponding routes. At the moment, a first route with a travel time of 10 minutes is

selected. The route display interface also includes an information bar 4625, or banner, that
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includes information about the currently selected route. The information bar 4625 also includes
an end route display control 4630 for returning to the standard map view interface 205 and a start
navigation control 4635 for entering navigation along the selected route. Meanwhile, the vehicle
display has not changed from the first stage to the second stage while the user views the route
display interface 4620 on the mobile device.

In the second stage 4610, the user selects the start navigation control 4635 on the mobile
device display. As a result, at the third stage 4615 the vehicle display screen now displays the
navigation mode user interface 885, while the mobile device display shows a customized
graphical indicator and set of text instructions describing the next mancuver along the selected
route.

In some embodiments, the mapping application mobile device interface during navigation
is not interactive. While the user can press the home button to exit the mapping application, some
embodiments do not offer controls within the mobile device display of the upcoming mancuver
instructions. Other embodiments, however, include a set of available controls on the mobile
device. Figure 47 illustrates the display and use of such controls on the mobile device during
navigation. Specifically, this figure illustrates the activation of a set of controls and the selection
of an overview control over three stages 4705-4715.

The first stage 4705 illustrates both a mobile device 4700 and the vehicle display screen
to which the mobile device is connected after the mapping application running on the mobile
device has entered turn-by-turn navigation mode. As shown, the vehicle display screen displays
the navigation mode UI 885 while the mobile device displays instructions for the next maneuver
along the route being navigated.

At this first stage 4705, the user taps the display screen of the mobile device 4700. As a
result of this input, at the second stage 4710 the application displays a set of controls 4720 at the
bottom of the display. The set of controls 4720 includes an end navigation control 4725 for
ending the turn-by-turn navigation mode and returning to the standard map exploration mode of
the mapping application, as well as an overview control 4730 for displaying an overview of the
route being navigated.

The user selects the overview control 4730 at the second stage 4710 (via a tap input). As
a result, the mapping application displays a route overview map 4735 at the third stage 4715. The

overview map of some embodiments displays a map at a zoom level such that the entirety of the
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remaining route, from the current location to the ending location, fits within the display. In
addition, the map shows the route line for the remainder of the route. Some embodiments, rather
than showing the remaining route, display the entirety of the route from the starting location to
the destination.

In addition to the overview map 4735, the overview display includes a banner 4740 with
an end navigation control 4745, similar to the control 4725 in the previous stage 4710, as well as
a control 4750 for returning to the standard navigation view on the mobile device (i.e., the
display of graphics and text for the upcoming maneuver).

While the user views the overview map on the mobile device, some embodiments do not
change the navigation view on the vehicle display screen (except to animate the movement along
the route). Thus, as the user is not moving (e.g., is stopped at a traffic light) during this example,
the vehicle display screen does not change during the stages 4705-4715.

In some cases, while the vehicle interface displays the turn-by-turn navigation map view,
the user may not be interacting with the mobile device on which the mapping application
operates. In some cases, the mobile device may enter a power-saving mode during navigation.
Figure 48 illustrates, over three stages 4805-4815, a device 4800 in power-saving mode as well
as the vehicle display screen to which the device is connected during turn-by-turn navigation.

In the first stage 4805, the mobile device 4800 has already entered power-saving mode.
In some embodiments, the displayed words “Power Save Mode” do not actually appear on the
device’s display, but are shown here for explanatory purposes. The device may enter power save
mode when the user has not interacted with the device for a particular period of time, or because
a user has pressed a particular hardware button or touchscreen control to do so (e.g., button 4820
of the mobile device 4800). In addition, at the first stage, the application displays the navigation
map view 885 on the vehicle display screen. Thus, while in power-save mode, the mobile device
still performs the various navigation operations, including rendering the animated 3D map view,
required to output the display to the vehicle.

In the second stage, the application has animated a navigation instruction panel 4825 onto
the vehicle display as a maneuver approaches. In the third stage 4815, the vehicle has
manecuvered through the intersection causing the application to remove the navigation instruction
panel. During these stages, even as the vehicle and device approach a maneuver, the mobile

device 4800 remains in power-saving mode. As explained in detail in U.S. Application
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13/802,654, filed March 13, 2013, which is incorporated herein by reference, when not
connected to the vehicle display system, the mapping application displays (and may use voice
prompts as well) navigation instructions on the mobile device as intersections approach even
when the device has been placed in power-saving mode. However, because the user receives
indications from the vehicle interface of the upcoming maneuver, some embodiments do not
display corresponding indications on the device when in power-saving mode.

In some embodiments, while turn-by-turn navigation is running, the user may exit out of
the mapping application via either the mobile device or the vehicle display screen, thereby
returning both interfaces to their respective home pages of the mobile device operating system.
The home page, in some embodiments, will then display a banner for the user to select in order
to return to the navigation view. Figure 49 illustrates the home pages of the mobile device and
vehicle displays of some embodiments while turn-by-turn navigation mode is operational and the
vehicle approaches a maneuver. This figure illustrates, for each of three stages 4905-4915, both
of the displayed interfaces as well as a map 4900 that indicates the location of the vehicle and
mobile device at the stage.

The first stage 4905 illustrates a mobile device 4920 and a vehicle display screen to
which the mobile device is connected. The mapping application operating on the mobile device
1S in turn-by-turn navigation mode, and therefore the mobile device 4920 displays information
about the next maneuver while vehicle display screen displays the navigation mode UI 885. At
this stage, the user selects a home button 4925 on the mobile device to place the mapping
application in the background and return to the home page of the mobile device. In some
embodiments, selecting the home button on the vehicle touchscreen has the same effect.

Thus, at the second stage, both the mobile device 4920 and the vehicle display screen
display their respective home pages. The mobile device home page 4930 displays various
selectable items (also called affordances) for various applications that operate on the mobile
device. The vehicle touchscreen interface 550 of some embodiments is described above by
reference to Figure 5. In addition to the standard selectable items in the home pages, both
interfaces also display a selectable banner for returning to the turn-by-turn navigation.
Specifically, the mobile device home page 4930 includes a banner 4935 at the top of the display
with the text “Touch to return to Navigation”. Similarly, the vehicle display screen displays a

selectable banner 4936 above the set of controls 561-567 with the same text. In some
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embodiments, selecting either of these banners returns both of the displays to their respective
turn-by-turn navigation displays, as shown in the first stage 4905.

While these banners are shown in particular locations in the two different interfaces in
this figure, one of ordinary skill in the art will recognize that different embodiments may display
similar banners in different locations (e.g., the banner 4936 displayed above the clock at the top
of the vehicle display). Furthermore, for non-touchscreen interfaces, the banner displayed on the
vehicle screen may indicate a particular action to take using the various vehicle controls in order
to return to navigation (e.g., pressing a particular button).

In the third stage, the map 4900 illustrates that the vehicle is approaching an intersection
at which the route makes a right turn onto a particular street. As a result, both of the display
screens now display indicators to make a right turn onto the particular street. Specifically, the
text in the mobile device banner 4935 has been replaced by a right turn graphical indicator with
text instructions to turn right. The same graphical indicator and text are displayed in a newly
added banner 4940 on the vehicle touchscreen above the clock, while the selectable banner 4936
for returning to navigation remains below the clock. After the vehicle completes the maneuver,
some embodiments return the displays to the state shown in the second stage 4910, by modifying
the content of the banner 4935 and removing the banner 4940.

In some embodiments, unlike those shown in Figure 49, the banner 4936 is not displayed
in the home page of the vehicle screen. Instead, the return to navigation banner is displayed as
part of the operating system information bar that includes the simulated home button, which is
not shown in the vehicle screen home page of some embodiments. Figure 50 illustrates the
display outside the mapping application with turn-by-turn navigation operating according to
some embodiments, over three stages 5005-5015. The first stage 5005 is the same as the first
stage 4905 of Figure 49, with the user selecting a home button 5025 on the mobile device 5020.

In the second stage, the display of the mobile device is the same as in Figure 49, with the
banner 5035 displayed at the top of the device screen. However, the vehicle display 5050 does
not display a banner in this situation. Because the user is likely to only have exited to this stage
in order to select another application, not having the return to navigation selection control is not
worrisome. Furthermore, the user can select the mapping application control 5063 if need be, in
order to return to the mapping application and therefore re-enter navigation. At this stage, the

user selects the music control 5062 to enter a music application.
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At the third stage 5015, the vehicle has not yet approached the upcoming intersection.
Thus, no directions are yet given for this maneuver. However, within the music application on
the vehicle screen, the lower information bar 5040 that includes the simulated home button
includes text stating “Return to Navigation” and has changed color. This indicates that the user
can select anywhere on this bar 5040 (other than the home button) to return to the turn-by-turn
navigation view.

The above-displayed embodiments require the mobile device to output interfaces for the
same application to both the mobile device display and the vehicle display. That is, when the
user selects the mapping application in one display, the application opens in both. Similarly,
when the user exits the mapping application (e.g., by pressing the home button) in one display,
the home pages of both are displayed. In some embodiments, however, the user can have
different applications open on the two different displays. Figure 51 illustrates the situation in
which the mapping application in turn-by-turn navigation mode is open on the vehicle display
while the mobile device displays its home page over three stages 5105-5115 in which the vehicle
approaches and passes through an intersection along the route being navigated.

The first stage 5105 illustrates a mobile device 5100 that displays a mobile device home
page 5120 of some embodiments, with several selectable items for opening various applications
(including the mapping application). At the same time, the vehicle touchscreen displays a turn-
by-turn navigation mode UI 5125. In the second stage 5110, the vehicle has approached within a
threshold distance of the intersection at which the next maneuver will be performed along the
route, and therefore the application displays a navigation instruction panel 5130 for the maneuver
on the left side of the vehicle display, as shown in previous figures. At the same time, despite
having exited out of the mapping application interface on the mobile device 5100, the device
displays the maneuver instructions (with both a graphical indicator and text instructions). In
some embodiments, both of these sets of instructions on the two displays count down the
distance to the maneuver as the vehicle approaches the intersection. The third stage illustrates
that after the vehicle passes through the intersection, the display on the mobile device 5100
returns to the home screen, while the navigation instruction panel 5130 is removed from the
vehicle display.

The above examples illustrate situations in which the user performs various navigation

actions (e.g., entering navigation, exiting navigation) while the mobile device is already
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connected to the vehicle electronic system. In addition, the user can enter the turn-by-turn
navigation mode of the mapping application on the mobile device and then subsequently connect
the mobile device to the vehicle system. In some embodiments, upon connection of the device to
the system, the mapping application begins outputting the two user interfaces as shown in Figure
43. That is, the application sends the navigation mode map view that follows the vehicle location
to the vehicle display, and outputs the maneuver instructions to the mobile device display. When
the user disconnects the device from the vehicle system while in navigation mode, the
application does the reverse. The mobile device display transitions from the mancuver
instructions to the standard turn-by-turn navigation mode when not connected. In addition, in
some embodiments the device recognizes when the user has left her vehicle (e.g., based on the
type of movement of the device consistent with walking) and transitions automatically from a
driving navigation mode to a walking navigation mode.

VII. ELECTRONIC SYSTEM

Many of the above-described features and applications are implemented as software
processes that are specified as a set of instructions recorded on a computer readable storage
medium (also referred to as computer readable medium). When these instructions are executed
by one or more computational or processing unit(s) (e.g., one or more processors, cores of
processors, or other processing units), they cause the processing unit(s) to perform the actions
indicated in the instructions. Examples of computer readable media include, but are not limited
to, CD-ROMs, flash drives, random access memory (RAM) chips, hard drives, erasable
programmable read-only memories (EPROMs), clectrically erasable programmable read-only
memories (EEPROMSs), etc. The computer readable media does not include carrier waves and
electronic signals passing wirelessly or over wired connections.

In this specification, the term “software” is meant to include firmware residing in read-
only memory or applications stored in magnetic storage which can be read into memory for
processing by a processor. Also, in some embodiments, multiple software inventions can be
implemented as sub-parts of a larger program while remaining distinct software inventions. In
some embodiments, multiple software inventions can also be implemented as separate programs.
Finally, any combination of separate programs that together implement a software invention
described here is within the scope of the invention. In some embodiments, the software

programs, when installed to operate on one or more electronic systems, define one or more
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specific machine implementations that execute and perform the operations of the software
programs.

A. Mobile Device

The mapping and navigation applications of some embodiments operate on mobile
devices, such as smart phones (e.g., iPhones®) and tablets (e.g., iPads®). Figure 52 is an
example of an architecture 5200 of such a mobile computing device. Examples of mobile
computing devices include smartphones, tablets, laptops, etc. As shown, the mobile computing
device 5200 includes one or more processing units 5205, a memory interface 5210 and a
peripherals interface 5215.

The peripherals interface 5215 is coupled to various sensors and subsystems, including a
camera subsystem 5220, a wired communication subsystem(s) 5223, a wireless communication
subsystem(s) 5225, an audio subsystem 5230, an 1/O subsystem 5235, etc. The peripherals
interface 5215 enables communication between the processing units 5205 and various
peripherals. For example, an orientation sensor 5245 (e.g., a gyroscope) and an acceleration
sensor 5250 (e.g., an accelerometer) is coupled to the peripherals interface 5215 to facilitate
orientation and acceleration functions.

The camera subsystem 5220 is coupled to one or more optical sensors 5240 (e.g., a
charged coupled device (CCD) optical sensor, a complementary metal-oxide-semiconductor
(CMOS) optical sensor, etc.). The camera subsystem 5220 coupled with the optical sensors 5240
facilitates camera functions, such as image and/or video data capturing. The wired
communication subsystem 5223 and wireless communication subsystem 5225 serve to facilitate
communication functions. In some embodiments, the wired communication system includes a
USB connector for connecting the mobile device 5200 to a vehicle electronic system. The
interface of some embodiments for communicating with a vehicle electronic system is described
in further detail in U.S. Patent Publications 2009/0284476, 2010/0293462, 2011/0145863,
2011/0246891, and 2011/0265003, which are incorporated by reference above.

In some embodiments, the wireless communication subsystem 5225 includes radio
frequency receivers and transmitters, and optical receivers and transmitters (not shown in Figure
52). These receivers and transmitters of some embodiments are implemented to operate over one
or more communication networks such as a GSM network, a Wi-Fi network, a Bluetooth

network, etc. The audio subsystem 5230 is coupled to a speaker to output audio (e.g., to output
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voice navigation instructions). Additionally, the audio subsystem 5230 is coupled to a
microphone to facilitate voice-enabled functions, such as voice recognition (e.g., for searching),
digital recording, etc.

The I/0 subsystem 5235 involves the transfer between input/output peripheral devices,
such as a display, a touch screen, etc., and the data bus of the processing units 5205 through the
peripherals interface 5215. The I/O subsystem 5235 includes a touch-screen controller 5255 and
other input controllers 5260 to facilitate the transfer between input/output peripheral devices and
the data bus of the processing units 5205. As shown, the touch-screen controller 5255 is coupled
to a touch screen 5265. The touch-screen controller 5255 detects contact and movement on the
touch screen 5265 using any of multiple touch sensitivity technologies. The other input
controllers 5260 are coupled to other input/control devices, such as one or more buttons. Some
embodiments include a near-touch sensitive screen and a corresponding controller that can detect
near-touch interactions instead of or in addition to touch interactions.

The memory interface 5210 is coupled to memory 5270. In some embodiments, the
memory 5270 includes volatile memory (e.g., high-speed random access memory), non-volatile
memory (e.g., flash memory), a combination of volatile and non-volatile memory, and/or any
other type of memory. As illustrated in Figure 52, the memory 5270 stores an operating system
(OS) 5272. The OS 5272 includes instructions for handling basic system services and for
performing hardware dependent tasks.

The memory 5270 also includes communication instructions 5274 to facilitate
communicating with one or more additional devices; graphical user interface instructions 5276 to
facilitate graphic user interface processing; image processing instructions 5278 to facilitate
image-related processing and functions; input processing instructions 5280 to facilitate
input-related (e.g., touch input) processes and functions; audio processing instructions 5282 to
facilitate audio-related processes and functions; and camera instructions 5284 to facilitate
camera-related processes and functions. The instructions described above are merely exemplary
and the memory 5270 includes additional and/or other instructions in some embodiments. For
instance, the memory for a smartphone may include phone instructions to facilitate phone-related
processes and functions. Additionally, the memory may include instructions for a mapping and
navigation application as well as other applications. The above-identified instructions need not

be implemented as separate software programs or modules. Various functions of the mobile
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computing device can be implemented in hardware and/or in software, including in one or more
signal processing and/or application specific integrated circuits.

While the components illustrated in Figure 52 are shown as separate components, one of
ordinary skill in the art will recognize that two or more components may be integrated into one
or more integrated circuits. In addition, two or more components may be coupled together by one
or more communication buses or signal lines. Also, while many of the functions have been
described as being performed by one component, one of ordinary skill in the art will realize that
the functions described with respect to Figure 52 may be split into two or more integrated
circuits.

B. Computer System

Figure 53 conceptually illustrates an example of a vehicle electronic system 5300 with
which some embodiments of the invention are implemented. Such an electronic system includes
various types of computer readable media and interfaces for various other types of computer
readable media. Electronic system 5300 includes a bus 5305, processing unit(s) 5310, a graphics
processing unit (GPU) 5315, a system memory 5320, communication subsystem(s) 5325, a read-
only memory 5330, a permanent storage device 5335, input controls 5340, and output devices
5345.

The bus 5305 collectively represents all system, peripheral, and chipset buses that
communicatively connect the numerous internal devices of the electronic system 5300. For
instance, the bus 5305 communicatively connects the processing unit(s) 5310 with the read-only
memory 5330, the GPU 5315, the system memory 5320, and the permanent storage device 5335.

From these various storage units, the processing unit(s) 5310 retrieves instructions to
execute and data to process in order to execute the processes of the invention performed by the
vehicle electronic system. The processing unit(s) may be a single processor or a multi-core
processor in different embodiments. Some instructions are passed to and executed by the GPU
5315. The GPU 5315 can offload various computations or complement the image processing
provided by the processing unit(s) 5310. In some embodiments, the vehicle system uses a
system-on-a-chip that includes one or more CPU cores as well as one or more GPU cores.

The read-only-memory (ROM) 5330 stores static data and instructions that are needed by
the processing unit(s) 5310 and other modules of the vehicle electronic system. The permanent

storage device 5335, on the other hand, is a read-and-write memory device. This device is a non-
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volatile memory unit that stores instructions and data even when the electronic system 5300 is
off. Some embodiments of the invention use a mass-storage device (such as a magnetic or optical
disk and its corresponding disk drive, integrated flash memory) as the permanent storage device
5335.

Other embodiments use a removable storage device (such as a floppy disk, flash memory
device, etc., and its corresponding drive) as the permanent storage device. Like the permanent
storage device 5335, the system memory 5320 is a read-and-write memory device. However,
unlike storage device 5335, the system memory 5320 is a volatile read-and-write memory, such a
random access memory. The system memory 5320 stores some of the instructions and data that
the processor needs at runtime. In some embodiments, the invention’s processes are stored in the
system memory 5320, the permanent storage device 5335, and/or the read-only memory 5330.
For example, the various memory units include instructions for processing multimedia clips in
accordance with some embodiments. From these various memory units, the processing unit(s)
5310 retrieves instructions to execute and data to process in order to execute the processes of
some embodiments.

The bus 5305 also connects to the input controls 5340 and output devices 5345. The input
devices 5340 enable the user to communicate information and select commands to the electronic
system. The input controls 5340 include various different inputs in different embodiments,
including touchscreens, other hardware controls such as buttons, knobs, joysticks, trackballs,
etc., microphones for receiving audio, and others. The output devices 5345 include touchscreen
and non-touchscreen displays, as well as speakers for producing audio.

Finally, as shown in Figure 53, bus 5305 also couples the vehicle electronic system 5300
to one or more communication subsystems 5325 through which the vehicle system can
communicate with a mobile device, such as that shown above in Figure 52. These
communication subsystems may include both wireless (e.g., Bluetooth®, Wi-Fi, etc.)
communication subsystems and wired (¢.g., USB, Firewire®, etc.) communication subsystems.
Any or all components of the vehicle electronic system 5300 may be used in conjunction with
the invention.

Some embodiments include electronic components, such as microprocessors, storage and
memory that store computer program instructions in a machine-readable or computer-readable

medium (alternatively referred to as computer-readable storage media, machine-readable media,
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or machine-readable storage media). Some examples of such computer-readable media include
RAM, ROM, read-only compact discs (CD-ROM), recordable compact discs (CD-R), rewritable
compact discs (CD-RW), read-only digital versatile discs (e.g., DVD-ROM, dual-layer DVD-
ROM), a variety of recordable/rewritable DVDs (e.g., DVD-RAM, DVD-RW, DVD+RW, etc.),
flash memory (e.g., SD cards, mini-SD cards, micro-SD cards, etc.), magnetic and/or solid state
hard drives, read-only and recordable Blu-Ray® discs, ultra density optical discs, any other
optical or magnetic media, and floppy disks. The computer-readable media may store a computer
program that is executable by at least one processing unit and includes sets of instructions for
performing various operations. Examples of computer programs or computer code include
machine code, such as is produced by a compiler, and files including higher-level code that are
executed by a computer, an electronic component, or a microprocessor using an interpreter.

While the above discussion primarily refers to microprocessor or multi-core processors
that execute software, some embodiments are performed by one or more integrated circuits, such
as application specific integrated circuits (ASICs) or field programmable gate arrays (FPGAs). In
some embodiments, such integrated circuits execute instructions that are stored on the circuit
itself. In addition, some embodiments execute software stored in programmable logic devices
(PLDs), ROM, or RAM devices.

As used in this specification and any claims of this application, the terms “computer”,
“server”, “processor”’, and “memory” all refer to electronic or other technological devices. These
terms exclude people or groups of people. For the purposes of the specification, the terms display
or displaying means displaying on an electronic device. As used in this specification and any

2% &

claims of this application, the terms “computer readable medium,” “computer readable media,”
and “machine readable medium” are entirely restricted to tangible, physical objects that store
information in a form that is readable by a computer. These terms exclude any wireless signals,
wired download signals, and any other ephemeral signals.
VIII. MAP SERVICE ENVIRONMENT

Various embodiments may operate within a map service operating environment. Figure
54 illustrates a map service operating environment, according to some embodiments. A map
service 5430 (also referred to as mapping service) may provide map services for one or more

client devices 5402a-5402¢ in communication with the map service 5430 through various

communication methods and protocols. A map service 5430 in some embodiments provides map
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information and other map-related data, such as two-dimensional map image data (e.g., acrial
view of roads utilizing satellite imagery), three-dimensional map image data (e.g., traversable
map with three-dimensional features, such as buildings), route and direction calculation (e.g.,
ferry route calculations or directions between two points for a pedestrian), real-time navigation
data (e.g., turn-by-turn visual navigation data in two or three dimensions), location data (e.g.,
where is the client device currently located), and other geographic data (e.g., wireless network
coverage, weather, traffic information, or nearby points-of-interest). In various embodiments, the
map service data may include localized labels for different countries or regions; localized labels
may be utilized to present map labels (e.g., street names, city names, points of interest) in
different languages on client devices. Client devices 5402a-5402¢ may utilize these map services
by obtaining map service data. Client devices 5402a-5402¢ may implement various techniques to
process map service data. Client devices 5402a-5402¢ may then provide map services to various
entities, including, but not limited to, users, internal software or hardware modules, and/or other
systems or devices external to the client devices 5402a-5402c.

In some embodiments, a map service is implemented by one or more nodes in a
distributed computing system. Each node may be assigned one or more services or components
of a map service. Some nodes may be assigned the same map service or component of a map
service. A load balancing node in some embodiments distributes access or requests to other
nodes within a map service. In some embodiments a map service is implemented as a single
system, such as a single server. Different modules or hardware devices within a server may
implement one or more of the various services provided by a map service.

A map service in some embodiments provides map services by generating map
service data in various formats. In some embodiments, one format of map service data is map
image data. Map image data provides image data to a client device so that the client device may
process the image data (e.g., rendering and/or displaying the image data as a two-dimensional or
three-dimensional map). Map image data, whether in two or three dimensions, may specify one
or more map tiles. A map tile may be a portion of a larger map image. Assembling together the
map tiles of a map produces the original map. Tiles may be generated from map image data,
routing or navigation data, or any other map service data. In some embodiments map tiles are
raster-based map tiles, with tile sizes ranging from any size both larger and smaller than a

commonly-used 256 pixel by 256 pixel tile. Raster-based map tiles may be encoded in any
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number of standard digital image representations including, but not limited to, Bitmap (.bmp),
Graphics Interchange Format(.gif), Joint Photographic Experts Group (.jpg, .jpeg, etc.), Portable
Networks Graphic (.png), or Tagged Image File Format (.tiff). In some embodiments, map tiles
are vector-based map tiles, encoded using vector graphics, including, but not limited to, Scalable
Vector Graphics (.svg) or a Drawing File (.drw). Some embodiments also include tiles with a
combination of vector and raster data. Metadata or other information pertaining to the map tile
may also be included within or along with a map tile, providing further map service data to a
client device. In various embodiments, a map tile is encoded for transport utilizing various
standards and/or protocols.

In various embodiments, map tiles may be constructed from image data of different
resolutions depending on zoom level. For instance, for low zoom level (e.g., world or globe
view), the resolution of map or image data need not be as high relative to the resolution at a high
zoom level (e.g., city or street level). For example, when in a globe view, there may be no need
to render street level artifacts as such objects would be so small as to be negligible in many
cases.

A map service in some embodiments performs various techniques to analyze a map
tile before encoding the tile for transport. This analysis may optimize map service performance
for both client devices and a map service. In some embodiments map tiles are analyzed for
complexity, according to vector-based graphic techniques, and constructed utilizing complex and
non-complex layers. Map tiles may also be analyzed for common image data or patterns that may
be rendered as image textures and constructed by relying on image masks. In some
embodiments, raster-based image data in a map tile contains certain mask values, which are
associated with one or more textures. Some embodiments also analyze map tiles for specified
features that may be associated with certain map styles that contain style identifiers.

Other map services generate map service data relying upon various data formats separate
from a map tile in some embodiments. For instance, map services that provide location data may
utilize data formats conforming to location service protocols, such as, but not limited to, Radio
Resource Location services Protocol (RRLP), TIA 801 for Code Division Multiple Access
(CDMA), Radio Resource Control (RRC) position protocol, or LTE Positioning Protocol (LPP).
Embodiments may also receive or request data from client devices identifying device capabilities

or attributes (e.g., hardware specifications or operating system version) or communication
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capabilities (e.g., device communication bandwidth as determined by wireless signal strength or
wire or wireless network type).

A map service may obtain map service data from internal or external sources. For
example, satellite imagery used in map image data may be obtained from external services, or
internal systems, storage devices, or nodes. Other examples may include, but are not limited to,
GPS assistance servers, wireless network coverage databases, business or personal directories,
weather data, government information (e.g., construction updates or road name changes), or
traffic reports. Some embodiments of a map service may update map service data (e.g., wireless
network coverage) for analyzing future requests from client devices.

Various embodiments of a map service may respond to client device requests for map
services. These requests may be a request for a specific map or portion of a map. Some
embodiments format requests for a map as requests for certain map tiles. In some embodiments,
requests also supply the map service with starting locations (or current locations) and destination
locations for a route calculation. A client device may also request map service rendering
information, such as map textures or style sheets. In at least some embodiments, requests are also
one of a series of requests implementing turn-by-turn navigation. Requests for other geographic
data may include, but are not limited to, current location, wireless network coverage, weather,
traffic information, or nearby points-of-interest.

A map service, in some embodiments, analyzes client device requests to optimize a
device or map service operation. For instance, a map service may recognize that the location of a
client device is in an area of poor communications (e.g., weak wireless signal) and send more
map service data to supply a client device in the event of loss in communication or send
instructions to utilize different client hardware (e.g., orientation sensors) or software (e.g., utilize
wireless location services or Wi-Fi positioning instead of GPS-based services). In another
example, a map service may analyze a client device request for vector-based map image data and
determine that raster-based map data better optimizes the map image data according to the
image’s complexity. Embodiments of other map services may perform similar analysis on client
device requests and as such the above examples are not intended to be limiting.

Various embodiments of client devices (e.g., client devices 5402a-5402c) are
implemented on different portable-multifunction device types. Client devices 5402a-5402c

utilize map service 5430 through various communication methods and protocols. In some
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embodiments, client devices 5402a-5402¢ obtain map service data from map service 5430. Client
devices 5402a-5402c request or receive map service data. Client devices 5402a-5402¢ then
process map service data (e.g., render and/or display the data) and may send the data to another
software or hardware module on the device or to an external device or system.

A client device, according to some embodiments, implements techniques to render and/or
display maps. These maps may be requested or received in various formats, such as map tiles
described above. A client device may render a map in two-dimensional or three-dimensional
views. Some embodiments of a client device display a rendered map and allow a user, system, or
device providing input to manipulate a virtual camera in the map, changing the map display
according to the virtual camera’s position, orientation, and field-of-view. Various forms and
input devices are implemented to manipulate a virtual camera. In some embodiments, touch
input, through certain single or combination gestures (e.g., touch-and-hold or a swipe)
manipulate the virtual camera. Other embodiments allow manipulation of the device’s physical
location to manipulate a virtual camera. For instance, a client device may be tilted up from its
current position to manipulate the virtual camera to rotate up. In another example, a client device
may be tilted forward from its current position to move the virtual camera forward. Other input
devices to the client device may be implemented including, but not limited to, auditory input
(e.g., spoken words), a physical keyboard, mouse, and/or a joystick.

Some embodiments provide various visual feedback to virtual camera manipulations,
such as displaying an animation of possible virtual camera manipulations when transitioning
from two-dimensional map views to three-dimensional map views. Some embodiments also
allow input to select a map feature or object (e.g., a building) and highlight the object, producing
a blur effect that maintains the virtual camera’s perception of three-dimensional space.

In some embodiments, a client device implements a navigation system (e.g., turn-by-
turn navigation). A navigation system provides directions or route information, which may be
displayed to a user. Some embodiments of a client device request directions or a route
calculation from a map service. A client device may receive map image data and route data from
a map service. In some embodiments, a client device implements a turn-by-turn navigation
system, which provides real-time route and direction information based upon location
information and route information received from a map service and/or other location system,

such as Global Positioning Satellite (GPS). A client device may display map image data that
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reflects the current location of the client device and update the map image data in real-time. A
navigation system may provide auditory or visual directions to follow a certain route.

A virtual camera is implemented to manipulate navigation map data according to
some embodiments. Some embodiments of client devices allow the device to adjust the virtual
camera display orientation to bias toward the route destination. Some embodiments also allow
virtual camera to navigation turns simulating the inertial motion of the virtual camera.

Client devices implement various techniques to utilize map service data from map
service. Some embodiments implement some techniques to optimize rendering of two-
dimensional and three-dimensional map image data. In some embodiments, a client device
locally stores rendering information. For instance, a client stores a style sheet which provides
rendering directions for image data containing style identifiers. In another example, common
image textures may be stored to decrease the amount of map image data transferred from a map
service. Client devices in different embodiments implement various modeling techniques to
render two-dimensional and three-dimensional map image data, examples of which include, but
are not limited to: generating three-dimensional buildings out of two-dimensional building
footprint data; modeling two-dimensional and three-dimensional map objects to determine the
client device communication environment; generating models to determine whether map labels
are seen from a certain virtual camera position; and generating models to smooth transitions
between map image data. Some embodiments of client devices also order or prioritize map
service data in certain techniques. For instance, a client device detects the motion or velocity of a
virtual camera, which if exceeding certain threshold values, lower-detail image data is loaded
and rendered of certain arcas. Other examples include: rendering vector-based curves as a series
of points, preloading map image data for areas of poor communication with a map service,
adapting textures based on display zoom level, or rendering map image data according to
complexity.

In some embodiments, client devices communicate utilizing various data formats
separate from a map tile. For instance, some client devices implement Assisted Global
Positioning Satellites (A-GPS) and communicate with location services that utilize data formats
conforming to location service protocols, such as, but not limited to, Radio Resource Location
services Protocol (RRLP), TIA 801 for Code Division Multiple Access (CDMA), Radio
Resource Control (RRC) position protocol, or LTE Positioning Protocol (LPP). Client devices
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may also receive GPS signals directly. Embodiments may also send data, with or without
solicitation from a map service, identifying the client device’s capabilities or attributes (e.g.,
hardware specifications or operating system version) or communication capabilities (e.g., device
communication bandwidth as determined by wireless signal strength or wire or wireless network
type).

Figure 54 illustrates one possible embodiment of an operating environment 5400 for
a map service 5430 and client devices 5402a-5402c. In some embodiments, devices 5402a,
5402b, and 5402¢ communicate over one or more wire or wireless networks 5410. For example,
wireless network 5410, such as a cellular network, can communicate with a wide area network
(WAN) 5420, such as the Internet, by use of gateway 5414. A gateway 5414 in some
embodiments provides a packet oriented mobile data service, such as General Packet Radio
Service (GPRS), or other mobile data service allowing wireless networks to transmit data to
other networks, such as wide area network 5420. Likewise, access device 5412 (e.g., IEEE
802.11g wireless access device) provides communication access to WAN 5420. Devices 5402a
and 5402b can be any portable electronic or computing device capable of communicating with a
map service. Device 5402c¢ can be any non-portable electronic or computing device capable of
communicating with a map service.

In some embodiments, both voice and data communications are established over
wireless network 5410 and access device 5412. For instance, device 5402a can place and receive
phone calls (e.g., using voice over Internet Protocol (VoIP) protocols), send and receive e-mail
messages (e.g., using Simple Mail Transfer Protocol (SMTP) or Post Office Protocol 3 (POP3)),
and retrieve electronic documents and/or streams, such as web pages, photographs, and videos,
over wireless network 5410, gateway 5414, and WAN 5420 (e.g., using Transmission Control
Protocol/Internet Protocol (TCP/IP) or User Datagram Protocol (UDP)). Likewise, in some
implementations, devices 5402b and 5402¢ can place and receive phone calls, send and receive
e-mail messages, and retrieve electronic documents over access device 5412 and WAN 5420. In
various embodiments, any of the illustrated client device may communicate with map service
5430 and/or other service(s) 5450 using a persistent connection established in accordance with
one or more security protocols, such as the Secure Sockets Layer (SSL) protocol or the Transport
Layer Security (TLS) protocol.

Devices 5402a and 5402b can also establish communications by other means. For
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example, wireless device 5402a can communicate with other wireless devices (e.g., other devices
5402b, cell phones, etc.) over the wireless network 5410. Likewise devices 5402a and 5402b can
establish peer-to-peer communications 5440 (e.g., a personal area network) by use of one or
more communication subsystems, such as Bluetooth® communication from Bluetooth Special
Interest Group, Inc. of Kirkland, Washington. Device 5402c¢ can also establish peer to peer
communications with devices 5402a or 5402b (not shown). Other communication protocols and
topologies can also be implemented. Devices 5402a and 5402b may also receive Global
Positioning Satellite (GPS) signals from GPS satellites 5460.

Devices 5402a, 5402b, and 5402¢ can communicate with map service 5430 over the
one or more wire and/or wireless networks, 5410 or 5412. For instance, map service 5430 can
provide a map service data to rendering devices 5402a, 5402b, and 5402c. Map service 5430
may also communicate with other services 5450 to obtain data to implement map services. Map
service 5430 and other services 5450 may also receive GPS signals from GPS satellites 5460.

In various embodiments, map service 5430 and/or other service(s) 5450 are
configured to process search requests from any of client devices. Search requests may include
but are not limited to queries for business, address, residential locations, points of interest, or
some combination thereof. Map service 5430 and/or other service(s) 5450 may be configured to
return results related to a variety of parameters including but not limited to a location entered
into an address bar or other text entry field (including abbreviations and/or other shorthand
notation), a current map view (e.g., user may be viewing one location on the multifunction
device while residing in another location), current location of the user (e.g., in cases where the
current map view did not include search results), and the current route (if any). In various
embodiments, these parameters may affect the composition of the search results (and/or the
ordering of the search results) based on different priority weightings. In various embodiments,
the search results that are returned may be a subset of results selected based on specific criteria
include but not limited to a quantity of times the search result (e.g., a particular point of interest)
has been requested, a measure of quality associated with the search result (e.g., highest user or
editorial review rating), and/or the volume of reviews for the search results (e.g., the number of
times the search result has been review or rated).

In various embodiments, map service 5430 and/or other service(s) 5450 are

configured to provide auto-complete search results that are displayed on the client device, such
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as within the mapping application. For instance, auto-complete search results may populate a
portion of the screen as the user enters one or more search keywords on the multifunction device.
In some cases, this feature may save the user time as the desired search result may be displayed
before the user enters the full search query. In various embodiments, the auto complete search
results may be search results found by the client on the client device (e.g., bookmarks or
contacts), search results found elsewhere (e.g., from the Internet) by map service 5430 and/or
other service(s) 5450, and/or some combination thercof. As is the case with commands, any of
the search queries may be entered by the user via voice or through typing. The multifunction
device may be configured to display search results graphically within any of the map display
described herein. For instance, a pin or other graphical indicator may specify locations of search
results as points of interest. In various embodiments, responsive to a user selection of one of
these points of interest (e.g., a touch selection, such as a tap), the multifunction device is
configured to display additional information about the selected point of interest including but not
limited to ratings, reviews or review snippets, hours of operation, store status (e.g., open for
business, permanently closed, etc.), and/or images of a storefront for the point of interest. In
various embodiments, any of this information may be displayed on a graphical information card
that is displayed in response to the user’s selection of the point of interest.

In various embodiments, map service 5430 and/or other service(s) 5450 provide
one or more feedback mechanisms to receive feedback from client devices 5402a-5402c. For
instance, client devices may provide feedback on search results to map service 5430 and/or other
service(s) 5450 (e.g., feedback specifying ratings, reviews, temporary or permanent business
closures, errors etc.); this feedback may be used to update information about points of interest in
order to provide more accurate or more up-to-date search results in the future. In some
embodiments, map service 5430 and/or other service(s) 5450 may provide testing information to
the client device (e.g., an A/B test) to determine which search results are best. For instance, at
random intervals, the client device may receive and present two search results to a user and allow
the user to indicate the best result. The client device may report the test results to map service
5430 and/or other service(s) 5450 to improve future search results based on the chosen testing
technique, such as an A/B test technique in which a baseline control sample is compared to a
variety of single-variable test samples in order to improve results.

While the invention has been described with reference to numerous specific details, one
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of ordinary skill in the art will recognize that the invention can be embodied in other specific
forms without departing from the spirit of the invention. For instance, many of the figures
illustrate various touch gestures (e.g., taps, double taps, swipe gestures, press and hold gestures,
etc.). However, many of the illustrated operations could be performed via different touch
gestures (e.g., a swipe instead of a tap, etc.) or by non-touch input (e.g., using a cursor controller,
a keyboard, a touchpad/trackpad, a near-touch sensitive screen, etc.). In addition, a number of the
figures conceptually illustrate processes. The specific operations of these processes may not be
performed in the exact order shown and described. The specific operations may not be performed
in one continuous series of operations, and different specific operations may be performed in
different embodiments. Furthermore, the process could be implemented using several sub-
processes, or as part of a larger macro process. Thus, one of ordinary skill in the art would
understand that the invention is not to be limited by the foregoing illustrative details, but rather is

to be defined by the appended claims.
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CLAIMS
We claim:

1. For a mobile device, a method for controlling an interactive communication

system of a vehicle, said system comprising a display screen, the method comprising:

if the display screen is a touch-sensitive screen, providing to the communication
system a first user interface display that includes a first map the presentation of which is
modifiable with touch input received through the touch-sensitive display screen; and

if the display screen is not a touch-sensitive screen, providing to the
communication system a second user interface display that includes a second map the
presentation of which is modifiable through physical controls mounted in the vehicle.

2. The method of claim 1 further comprising:

establishing a communication channel between the mobile device and the
vehicle’s interactive communication system;

receiving information about the display screen of the vehicle through the
established communication channel; and

providing either the first or second UI display through the established
communication channel.

3. The method of claim 1, wherein providing the first Ul display comprises
providing to the communication system a first set of user interface displays that includes the first
Ul display, and providing the second UI display comprises providing to the communication
system a second set of user interface displays that includes the second Ul display.

4. The method of claim 1, wherein providing the first Ul display comprises
interacting with the communication system through a first Ul module for translating touch inputs
received through the touch-sensitive display screen to interactions with the map, and providing
the second UI display comprises interacting with the communication system through a second Ul
module for translating inputs through the physical controls to interactions with the map.

5. The method of claim 1, wherein providing the first user interface display
comprises providing a bitmap image that includes the first map.

6. The method of claim 1, wherein providing a user interface display comprises
providing a set of instructions for the interactive communication system to translate into an

image that includes the first map.
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7. The method of claim 1, wherein first user interface display is provided when the
display screen is a higher quality touch-sensitive screen, wherein the method further comprises,
when the display screen is a lesser quality touch-sensitive screen, providing to the
communication system a third user interface display that includes a third map the presentation of
which is modifiable through non-gestural touch input received through the lesser quality touch-
sensitive screen.

8. A machine readable medium storing a program for execution by at least one
processing unit of a mobile device, the program comprising sets of instructions for:

receiving, through a connection between the mobile device and an interactive
communication system, information about a display screen of the vehicle;

if the vehicle display screen is a touchscreen that meets a particular set of
characteristics, generating for the vehicle display screen a first user interface display that
comprises a map presentation that is directly modifiable with gestural input received through the
vehicle display screen; and

if the vehicle display screen is a touchscreen that does not meet a particular set of
characteristics, generating for the vehicle display screen a second user interface display that
comprises a map presentation that is modifiable with different, non-gestural touchscreen input
received through the vehicle display screen.

9. The machine readable medium of claim &, wherein the program further comprises
a set of instructions for outputting to a display screen of the mobile device a third user interface
that accepts gestural input to directly manipulate a map presentation displayed in the third user
interface.

10.  The machine readable medium of claim 9, wherein manipulation of the map
presentation in the third user interface does not affect the map presentation in the first user
interface and manipulation of the map presentation in the first user interface does not affect the
map presentation in the third user interface.

11.  The machine readable medium of claim 9, wherein manipulation of the map
presentation in the third user interface does not affect the map presentation in the second user
interface and manipulation of the map presentation in the second user interface does not affect
the map presentation in the third user interface.

12. The machine readable medium of claim 8, wherein the first user interface
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comprises a selectable control for changing a zoom level of the displayed map.

13.  The machine readable medium of claim 8, wherein a default map presentation in
the first user interface comprises a map with north facing up centered on a current location of the
mobile device, wherein the first user interface comprises a selectable control, for re-centering the
map to the current location of the mobile device, that is only active after the map presentation
has been manipulated so that the displayed map presentation is no longer centered on the current
location of the mobile device.

14. A machine readable medium storing a program for execution by at least one
processing unit of a mobile device, the mapping application comprising sets of instructions for:

receiving, through a connection between the mobile device and an interactive
communication system of a vehicle, information about a display screen of the vehicle;

if the vehicle display screen is a touchscreen that meets a particular set of
characteristics, generating for the vehicle display screen a first user interface display that
comprises a map presentation that is directly modifiable with gestural input received by the
vehicle display screen; and

if the vehicle display screen is not a touchscreen, generating for the vehicle
display screen a second user interface display that comprises a map presentation that is
modifiable with input received from at least one built-in vehicle control.

15. The machine readable medium of claim 14, wherein the built-in vehicle control is
for use to pan the map presentation in the second user interface display.

16. The machine readable medium of claim 14, wherein the built-in vehicle control
comprises at least one of a knob, a joystick, a trackball, a trackpad, and a set of directional
buttons.

17.  The machine readable medium of claim 14, wherein the program further
comprises a set of instructions for, if the vehicle display screen is a touchscreen that does not
meet the particular set of characteristics, generating for the vehicle display screen a third user
interface display that comprises a map presentation that is modifiable with different, non-gestural
touchscreen input received by the vehicle display screen.

18. A mobile device comprising:

a display screen; and

a machine readable medium storing a program, the program comprising sets of
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instructions for:

generating a first user interface display for the display screen of the mobile
device, the first user interface comprising a map presentation that is modifiable with gestural
touch input to directly manipulate the map presentation received through the display screen of
the mobile device; and

generating a second user interface display for a display screen of an
interactive vehicle communication system to which the mobile device connects, the second user
interface display comprising a map presentation that is modifiable with input received through
one or more controls of the interactive vehicle communication system.

19.  The mobile device of claim 18, wherein the display screen of the interactive
vehicle communication system is a touchscreen that enables direct manipulation of the map
presentation with gestural touch input in the second user interface display.

20.  The mobile device of claim 19, wherein the gestural input to directly manipulate
the map presentation on the display screen of the mobile device comprises gestural touch input to
pan and zoom the map.

21.  The mobile device of claim 19, wherein the gestural touch input to directly
manipulate the map presentation comprises gestural touch input only to pan the map
presentation.

22. A machine readable medium storing a program for execution by at least one
processing unit of a mobile device that connects to a vehicle having a display screen, the
program comprising sets of instructions for:

identifying a category for the vehicle display screen; and

based on the identified category for the vehicle display screen, generating one of
several different user interface displays for output on the vehicle display screen, each of the
different user interface displays comprising a map presentation, wherein the map presentation is
modifiable by different controls depending on the identified category for the vehicle display
screen.

23. The machine readable medium of claim 22, wherein the program comprises a set of
instructions for receiving a set of characteristics of the vehicle display screen, wherein the set of
instructions for identifying the category for the vehicle display screen comprises a set of

instructions for using a lookup table based on the received set of characteristics.
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24, The machine readable medium of claim 23, wherein the set of characteristics
comprises at least one of whether the vehicle display screen is a touchscreen, a touch latency of
the vehicle display screen, and a touch resolution of the vehicle display screen.

25.  The machine readable medium of claim 22, wherein the identified category
comprises one of high-quality touchscreen, low-quality touchscreen, and non-touchscreen.

26. The machine readable medium of claim 25, wherein:

when the vehicle display screen is identified as a high-quality touchscreen, the
map presentation is modifiable by gestural swipe input through the touchscreen;

when the vehicle display screen is identified as a low-quality touchscreen the map
presentation is modifiable by non-gestural touch input through the touchscreen and is not
modifiable by gestural swipe input; and

when the vehicle display screen is identified as a non-touchscreen the map is
modifiable by input received through physical controls mounted in the vehicle.

27. A mapping application for execution on a mobile device, the mapping application
comprising:

a first user interface module for generating a first map display for output on a
display screen of the mobile device;

a second user interface module for generating a second map display for output on
a first type of vehicle touchscreen;

a third user interface module for generating a third map display for output on a
second type of vehicle touchscreen; and

a fourth user interface module for generating a fourth map display for output on a
non-touch vehicle display screen.

28.  The mapping application of claim 27, wherein the first type of wvehicle
touchscreen has a low touch latency and the second type of vehicle touchscreen has a high touch
latency.

29.  The mapping application of claim 27, wherein the second and third map displays
cach comprise a set of selectable touchscreen controls displayed over a portion of a map, the
selectable touchscreen controls for identifying different types of destinations.

30. The mapping application of claim 29, wherein the fourth user interface module is

further for generating a menu display that comprises a menu displayed separately from the fourth
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map display, the menu comprising selectable menu options for identifying the different types of
destinations.
31.  The mapping application of claim 29, wherein the different types of destinations

comprise predicted destinations, recent destinations, and bookmarked destinations.
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