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(57) ABSTRACT 
Some embodiments provide a mapping application for gen 
erating views of a three-dimensional (3D) map. The mapping 
application includes a geographic data module for identifying 
a set of geographic data that represents a portion of the 3D 
map. The set of geographic data includes a set of camera 
captured images that correspond to the portion of the 3D map. 
The mapping application includes an image processing mod 
ule for rendering the view of the 3D map based on the geo 
graphic data by animating a type of map element in the view 
of the 3D map. 
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NON-STATC 3D MAP VIEWS 

CLAIM OF BENEFIT TO PRIORAPPLICATIONS 

0001. This application claims the benefit of U.S. Provi 
sional Patent Application 61/656,032, filed Jun. 6, 2012; and 
U.S. Provisional Patent Application 61/656,043, filed Jun. 6, 
2012. Provisional Patent Applications 61/656.032 and 
61/656,043 are hereby incorporated by reference. 

BACKGROUND 

0002 Many map-based applications are available today 
are designed for a variety of different devices (e.g., desktops, 
laptops, tablet devices, Smartphones, handheld global posi 
tioning system (GPS) receivers, etc.) and for various different 
purposes (e.g., navigation, browsing, sports, etc.). Most of 
these applications generate displays of a map based on map 
data that describes the relative location of streets, highways, 
points of interest, etc. in the map. 
0003. Some map-based applications provide different 
types of views of the map and allow users to select a type of 
view for the application to use to display the map. Examples 
of Such types of views include a map view, a satellite view, a 
hybrid view, etc. For some or all of the different types of views 
of the map, a number of map-based applications provide a 
two-dimensional (2D) viewing mode, a three-dimensional 
(3D) viewing mode, or both viewing modes. 

BRIEF SUMMARY 

0004 Some embodiments of the invention provide a novel 
mapping application that animates three-dimensional (3D) 
views of a map when the mapping application renders the 3D 
views while in a satellite viewing mode. In some embodi 
ments, the mapping application renders the 3D views of the 
map using camera captured images (CCIs) when the mapping 
application is in the satellite viewing mode. 
0005. The mapping application of some embodiments ani 
mates different defined types of map elements and/or con 
structs (e.g., bodies of water, shorelines, buildings, foliage, 
etc.) in the 3D view of the map. The mapping application of 
some embodiments animates some or all of the different 
defined types of map elements and/or constructs differently. 
For instance, in some embodiments, the mapping application 
animates bodies of water and buildings differently by using 
different shaders for rendering the bodies of water and the 
buildings. 
0006. In some embodiments, the mapping application ani 
mates the defined types of map elements and/or constructs 
differently based on different types of input (e.g., touch input, 
gesture input, audio input, motion input, etc.) received at a 
device on which the mapping application is operating. For 
example, the mapping application of some embodiments ani 
mates bodies of water based on touch input differently than 
when the mapping application animates the bodies of water 
based on audio input, motion input, etc. 
0007. 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 embodi 
ments described in the Summary as well as other embodi 
ments. Accordingly, to understand all the embodiments 
described by this document, a full review of the Summary, 

Feb. 25, 2016 

Detailed Description and the Drawings is needed. Moreover, 
the claimed subject matters are not to be limited by the illus 
trative details in the Summary, Detailed Description and the 
Drawing, 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. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008. The novel features of the invention are set forth in 
the appended claims. However, for purposes of explanation, 
several embodiments of the invention are set forth in the 
following figures. 
0009 FIG. 1 conceptually illustrates a device that 
executes a mapping application of some embodiments that 
provides animated 3D satellite map views. 
0010 FIG. 2 conceptually illustrates an example of the 
mapping application of Some embodiments animating water 
in a 3D satellite map view based on touch input. 
0011 FIG. 3 conceptually illustrates an example of the 
mapping application of Some embodiments animating water 
in a 3D satellite map view based on gesture input. 
0012 FIG. 4 conceptually illustrates an example of the 
mapping application of Some embodiments animating water 
in a 3D satellite map view based on motion input. 
0013 FIG. 5 conceptually illustrates an example of the 
mapping application of Some embodiments animating water 
in a 3D satellite map view based on audio input. 
(0014 FIG. 6 conceptually illustrates an example of the 
mapping application of some embodiments animating foliage 
in a 3D satellite map view. 
0015 FIG. 7 conceptually illustrates an example of the 
mapping application of some embodiments animating reflec 
tions of water off the surface of buildings in a 3D satellite map 
view and animating shorelines in the 3D satellite map view. 
0016 FIG. 8 conceptually illustrates a software architec 
ture of a system of Some embodiments. 
0017 FIG. 9 conceptually illustrates a process of some 
embodiments for animating 3D satellite map views. 
0018 FIG. 10 conceptually illustrates a state diagram of a 
mapping application of some embodiments. 
0019 FIG. 11 conceptually illustrates a processing pipe 
line performed by the mapping application of Some embodi 
ments in order to render a view of a map for display at the 
client device. 
0020 FIG. 12 conceptually illustrates a rendering control 
ler that manages the rendering of animated water and build 
ings in 3D satellite map views according to Some embodi 
ments of the inventions. 
0021 FIG. 13 conceptually illustrates a rendering engine 
that renders buildings for animated 3D satellite map views 
according to some embodiments of the invention. 
0022 FIG. 14 conceptually illustrates the rendering 
engine illustrated in FIG. 13 that renders water for animated 
3D satellite map views according to some embodiments of the 
invention. 
0023 FIG. 15 conceptually illustrates the rendering 
engine illustrated in FIG. 13 that renders shorelines for ani 
mated 3D satellite map views according to some embodi 
ments of the invention. 
0024 FIG. 16 conceptually illustrates the rendering 
engine illustrated in FIG. 13 that renders foliage for animated 
3D satellite map views according to some embodiments of the 
invention. 
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0025 FIG. 17 is an example of an architecture of a mobile 
computing device. 
0026 FIG. 18 conceptually illustrates an example of an 
electronic system with which some embodiments of the 
invention are implemented. 
0027 FIG. 19 a map service operating environment 
according to some embodiments. 

DETAILED DESCRIPTION 

0028. In the following detailed description of the inven 
tion, numerous details, examples, and embodiments of the 
invention are set forth and described. However, it will be clear 
and apparent to one of ordinary skill in the art that the inven 
tion is not limited to the embodiments set forth and that the 
invention may be practiced without Some of the specific 
details and examples discussed. 
0029. Some embodiments of the invention provide a novel 
mapping application that animates three-dimensional (3D) 
views of a map when the mapping application renders the 3D 
views while in a satellite viewing mode. In some embodi 
ments, the mapping application renders the 3D views of the 
map using CCIS when the mapping application is in the sat 
ellite viewing mode. 
0030 The mapping application of some embodiments ani 
mates different defined types of map elements and/or con 
structs (e.g., bodies of water, shorelines, buildings, foliage, 
etc.) in the 3D view of the map. The mapping application of 
some embodiments animates some or all of the different 
defined types of map elements and/or constructs differently. 
For instance, in some embodiments, the mapping application 
animates bodies of water and buildings differently by using 
different shaders for rendering the bodies of water and the 
buildings. 
0031 FIG. 1 conceptually illustrates a device 100 that 
executes a mapping application of some embodiments that 
provides an animated 3D satellite map view feature. Specifi 
cally, FIG. 1 illustrates four different stages 105-120 of inter 
action with the mapping application. The first stage 105 
shows the device 100’s graphical user interface (GUI) 175, 
which includes several selectable user interface (UI) items 
(e.g., icons) of several applications in a dock area 125 and on 
a page of the GUI 175. One of the selectable UI items dis 
played on the page at this stage 105 is a selectable UI item 130 
for invoking the mapping application. As illustrated in the 
first stage 105, a user is selecting the UI item 130 through 
touch contact with the device's display screen at the location 
of UI item 130 in order to open the mapping application. 
0032. The second stage 110 shows the device 100 after the 
mapping application has opened. As shown in this stage, the 
mapping application is displaying a view of a map (also 
referred to as a map view) that includes two intersecting 
roads, two buildings, and a body of water behind the roads and 
buildings. The mapping application is also displaying a set of 
floating controls. In this example, the mapping application 
starts in a “Standard’ viewing mode, which is described 
below. 
0033. As shown, the set of floating controls include a 
position control 145, a 3D control 150, and a page curl control 
155. The position control 145 is for transitioning to a map 
view that includes the current position of the device 100. For 
instance, when the position control 145 is selected, the map 
ping application of Some embodiments transitions to a map 
view in which the current position of the device 100 is located 
approximately in the center of the map view (e.g., the center 
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of a display screen of the device 100). In some embodiments, 
the mapping application maintains such a map view as the 
device 100 is moving. The mapping application of some 
embodiments also identifies the direction to which the device 
100 currently points. In some embodiments, the mapping 
application identifies the location of the device 100 using 
global positioning system (GPS) signals that the device 100 
receives from GPS satellites. Alternatively or conjunctively, 
the mapping application uses other methods (e.g., cell tower 
triangulation) to compute the current location of the device 
1OO. 

0034. The 3D control 150 is a control for enabling and 
disabling a feature that allows for browsing a map or a route 
along the map in three dimensions (3D). In some embodi 
ments, the mapping application provides the 3D control 150 
in order to quickly switch between a two-dimensional (2D) 
view of the map and a 3D view of the map. The 3D control 150 
also serves as (1) an indicator that the current view of the map 
is a 3D view, and (2) an indicator that a 3D perspective is 
available for a given map view (e.g., a 3D view might not be 
available when the map view is Zoomed out past a defined 
threshold Zoom level). In some embodiments, the mapping 
application provides different appearances of the 3D control 
150 that correspond to some of these indications. For 
instance, in Some embodiments, the mapping application pre 
sents the "3D" in the 3D control 150 as appearing grey when 
the 3D view of the map is unavailable, appearing black when 
the 3D view is available but the map is in the 2D view, and 
appearing blue when the map is in the 3D view. The mapping 
application of Some embodiments presents a fourth appear 
ance (e.g., a building image or shape instead of the "3D 
characters) of the 3D control 150 when the mapping applica 
tion is in a satellite viewing mode and a 3D view of the map 
is available (e.g., when the Zoom level of the map view is 
greater than a defined threshold Zoom level). As shown in the 
second stage 110, 3D feature is enabled (e.g., by selecting the 
3D control 150), as indicated in this example by a highlight 
ing of the 3D control 150. As such, the mapping application is 
presenting a 3D view of a map. 
0035. The page curl control 155 is a control that allows the 
application to minimize the number of on-screen controls, by 
placing certainless frequently used options in a secondary UI 
screen, which is accessible through a selection of the page 
curl control 155. In this manner, the page curl control 155 
allows the mapping application to display more of the map 
while offering an unobtrusive way to access further function 
ality that is provided by the other set of controls. 
0036. In some embodiments, the page curl control 155 is 
permanently displayed on at least some of the map views that 
the mapping application provides. For instance, in some 
embodiments, the mapping application displays the page curl 
control 155 permanently when the mapping application is in 
a map-browsing mode, location-searching mode, or route 
identification mode. The mapping application of some 
embodiments does not provide the page curl control 155 in 
map views where the additional functionality is deemed to be 
inappropriate to the task at hand. For instance, in some 
embodiments, the mapping application does not present the 
page curl control 155 while the mapping application is in a 
route-navigation mode. 
0037. The page curl control 155 indicates the location of 
another set of controls that are conceptually “behind’ or 
“under the current view. When the page curl control 155 is 
selected, the mapping application presents an animation that 
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"peels’ off the current view to display another view that 
shows the other set of controls. The third stage 115 illustrates 
the mapping application after the user selects (or selects and 
drags) the page curl control 155 and the mapping application 
presents such an animation. While FIG. 1 illustrates present 
ing another set of controls by selecting the page curl control 
155, the mapping application of some embodiments presents 
the other set of controls using different techniques. For 
instance, in Some embodiments, the mapping application pre 
sents (e.g., by sliding the other set of controls onto the display 
screen of the device) the other set of controls when the map 
ping application receives gesture input (e.g., a Swipe gesture) 
on the device's display screen. 
0038. As shown by this stage, the mapping application 
presents several controls once the mapping application 
"peels' the page shown in the second stage 110. Among the 
controls that the mapping application of some embodiments 
presents after the selection of the page curl control 155 is a set 
of viewing mode controls that includes is a standard viewing 
mode control 160 for activating a “Standard’ viewing mode, 
a hybrid viewing mode control 165 for activating a hybrid 
viewing mode, and a satellite viewing mode control 170 for 
activating a satellite viewing mode. 
0039. When the mapping application is in a satellite view 
ing mode, the mapping application of Some embodiments 
renders map views using CCIS. In some embodiments, CCIS 
are images of the real world captured by real cameras oper 
ated by humans and/or machines (as opposed to a virtual 
camera that is used for rendering views of a 3D model). CCIs 
include images captured by real cameras on satellites, fly-by 
captured images (e.g., images captured by real cameras on 
airplanes, space shuttles, helicopters, balloons, and/or any 
other device used for aerial photography), drive-by captured 
images (e.g., images captured by real cameras on cars, trucks, 
motorcycles, buses, bicycles, trains, and/or any other type of 
vehicle that operates on land), etc. CCIs are referred to as real 
world captured images in some embodiments. The mapping 
application of some embodiments renders satellite map views 
by texture mapping CCIS to the map, map elements, and/or 
map constructs. 
0040. In some embodiments, a map service generates 3D 
model of a map that represents the real world based on geo 
graphical data collected from the real world. Some or all of 
the 3D primitives (e.g., points, lines, polygons, Surfaces, etc.) 
of the 3D model of the map include location data that maps 
the to the corresponding location in the real world. In some 
embodiments, when a capturing device (e.g., a real camera) 
captures CCIS, the capturing device also records the location 
(e.g., GPS data) and position of the capturing device. 
0041 Based on information regarding the location and 
position of a capturing device used to capture a particular 
CCI, the map service of some embodiments identifies posi 
tions in the 3D model of the map to which pixels and/or 
groups of pixels in the particular CCI correlate. In some 
embodiments, the map service then maps the particular CCI 
to the 3D model of the map based on the identified positions. 
Such mapping, in some embodiments, is referred to as texture 
mapping. In some embodiments, the map service manipulates 
(e.g., rotated, translated, Scaled, etc.) the particular CCI to 
better align the elements in the particular CCI with corre 
sponding elements in the 3D model of the map. 
0042. In some embodiments, the mapping application ren 
ders map views using the 3D model of the map textured with 
CCIS by accessing (e.g., through the Internet) the map service 
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described above and retrieving data (e.g., stored as satellite 
map tiles) representing a portion of the 3D model of the map 
from which the mapping application renders the map views. 
The data includes in some embodiments polygons that rep 
resent the map elements and/or map constructs in the portion 
of the 3D model and the corresponding CCIs with which the 
mapping application texture maps to the polygons. Such ren 
dering is referred to in Some embodiments as Stereographic 
rendering using on CCIS. In some embodiments, the mapping 
application renders such map views of the 3D model of the 
map when the mapping application is in a satellite viewing 
mode and rendering 3D satellite map views described in this 
application. Details of generating 3D maps with CCIS are 
described in PCT Application PCT/EP2011/054155, entitled 
“3D Streets.” PCT Application PCT/EP2011/054155 is incor 
porated herein by reference. 
0043. When the mapping application is in the “Standard’ 
viewing mode, the mapping application of some embodi 
ments renders map views using non-CCIS (e.g., user-gener 
ated textures/images, machine-generated textures/images, 
etc.). In other words, the mapping application of Some Such 
embodiments renders “Standard map views without using 
any CCIs. 
0044. In addition, the third stage 115 illustrates that the 
user is activating the satellite viewing mode. In particular, the 
user activates the satellite viewing mode by selecting (e.g., 
using a finger to tap) the satellite viewing mode control 170, 
as indicated by a highlighting of the satellite viewing mode 
control 170. When the mapping application receives the 
selection of the satellite viewing mode control 170, the map 
ping application of Some embodiments transitions from ren 
dering the map in the standard viewing mode to rendering the 
map in the satellite viewing mode. 
0045. The fourth stage 120 shows the mapping application 
displaying a map view after the satellite viewing mode is 
activated. As mentioned above, for the satellite viewing mode 
of some embodiments, CCIS are texture mapped to the map. 
map elements, and/or map constructs. As such, the buildings 
in this stage are illustrated with windows and the roads with 
lane markers. 

0046. In some embodiments, the animated 3D satellite 
map view feature of the mapping application animates differ 
ent defined types of map elements and/or constructs (e.g., 
bodies of water, shorelines, buildings, foliage, etc.) in a map 
view. Different embodiments of the mapping application ani 
mate any number of different defined types of map elements. 
For this example, the mapping application animates map 
elements are that are identified as bodies of water (e.g., 
oceans, lakes, rivers, reservoirs, harbors, etc.) by generating 
(e.g., using a shader for animating still water) an animation of 
ripple waves in the water. The animation in the fourth stage 
120 is depicted by short curved lines in the body of water that 
conceptually represent ripple waves in the water. 
0047. Many of the examples and embodiments described 
in this application show the GUI of the mapping application 
with the set of UI elements and controls shown in FIG. 1, a 
different set of UI elements and/or controls, or none at all for 
the purpose of explanation and simplicity. One of ordinary 
skill in the art will understand that the GUI of the mapping 
application of some embodiments may include additional 
and/or different UI elements and/or controls for different 
modalities of the mapping application (e.g., a map-browsing 
mode, a location-searching mode, a route-identification 
mode, a route-navigation mode, etc.). For instance, while in a 



US 2016/0055669 A1 

map-browsing mode, the mapping application of some 
embodiments includes the UI elements and controls illus 
trated in FIG. 1 as well as a top bar positioned near the top of 
device's display screen that includes a direction control for 
requesting routes along the map from a starting location and 
an ending location, a search field for searching the location of 
certain map items (e.g., Streets, businesses, points of interest, 
etc.) in the map, a bookmark control for bookmarking loca 
tions of map elements and routes, etc. 
0048. In addition, numerous examples and embodiments 
described in this application illustrate the mapping applica 
tion in a map-browsing mode. In some embodiments, the 
mapping application includes several different modalities 
(e.g., a location-searching mode, a route-identification mode, 
a route-navigation mode, etc.) for interacting with the map. 
The application of some embodiments includes a novel user 
interface (UI) design that seamlessly and cohesively inte 
grates the controls for each of its different modalities by using 
a minimum set of on-screen controls that floats on top of the 
content in order to display as much of the content as possible. 
Additionally, this cluster adapts to the task at hand, adjusting 
its contents in an animated fashion when a user moves 
between the different modalities (e.g., between browsing, 
searching, routing and navigating). This common element 
with an adaptive nature enables the mapping application to 
optimize for different tasks while maintaining a consistent 
look and interaction model while moving between those 
tasks. 

0049. Several more detailed embodiments of the invention 
are described in the sections below. Section I describes details 
of example use cases for the animated 3D satellite map view 
feature according to some embodiments of the invention. 
Section II then describes details of image processing for the 
animated 3D satellite map view feature of some embodi 
ments. Next, Section III describes example electronic sys 
tems with which some embodiments of the invention are 
implemented. Finally, Section IV describes a map service 
operating environment in which some embodiments of the 
invention operate. 

I. Example Use Cases for Animated 3D Satellite 
Map Views 

0050. As discussed above, when the mapping application 
is in a satellite viewing mode, the mapping application of 
some embodiments provides a feature that animates different 
defined types of map elements and/or constructs in a 3D 
satellite map views. Alternatively or in conjunction with ani 
mating different defined types of map elements and/or con 
structs in a 3D satellite map views, the mapping application of 
Some embodiments animates the defined types of map ele 
ments and/or constructs differently based on different types 
of input (e.g., touch input, gesture input, audio input, motion 
input, etc.) received at a device on which the mapping appli 
cation is operating. 

A. Animations of Water 

0051 FIG. 2 conceptually illustrates an example of the 
mapping application of Some embodiments animating water 
in a 3D satellite map view based on touch input. In particular, 
FIG. 2 illustrates a GUI 200 of the mapping application of 
some embodiments at four different stages 205-220 of ani 
mating a body of water in response to touch input. 
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0052. The first stage 205 is similar to the fourth stage 120 
illustrated in FIG. 1 except that the animation of the body of 
water depicted by short curved lines in the body of water that 
conceptually represent ripple waves in the water is not shown 
for purposes of explanation and simplicity. That is, the first 
stage 205 of FIGS. 2 illustrates a 3D satellite map view that 
includes two intersecting roads, two buildings, and a body of 
water behind the roads and buildings. 
0053. The second stage 210 illustrates a user selecting a 
location on the body of water. In this example, the user selects 
the location of the body of water by using a finger to tap a 
touchscreen of the device on which the mapping application 
is operating. 
0054) The third stage 215 illustrates the GUI 200 after the 
user selects the location of the body of water. When the 
mapping application receives the selection of the body of 
water, the mapping application for this example generates 
(e.g., using a shader for animating water ripples)ananimation 
of water ripples that originate at or near the location of the 
body of water selected by the user. As shown, several water 
ripples 225 are shown at or near the location of the body of 
water selected by the user in the second stage 210. 
0055. The fourth stage 220 illustrates of a progression of 
the animation of the water ripples shown in the third stage 
215. For this example, the mapping application continues to 
animate the water ripples illustrated in the third stage 215 by 
animating the water ripples so that the water ripples have 
propagated away from the location of the body of water 
selected by the user. 
0056 While FIG. 2 illustrates an example of animating 
water in a 3D satellite map view based on a single touch input, 
one of ordinary skill in the art will realize that the mapping 
application of some embodiments generates animations of 
water ripple effects for multiple touch inputs. In addition, in 
Some embodiments, the mapping application generates ani 
mations of water ripple effects and/or other effects based on 
different types of touch input. For instance, a user may use a 
finger to touch and hold the water while using another finger 
to touch and move through the water to create water ripple 
effects and/or wave effects in the water. 

0057 FIG. 3 conceptually illustrates an example of the 
mapping application of Some embodiments animating water 
in a 3D satellite map view based on gesture input. Specifi 
cally, FIG. 3 illustrates the GUI 200 of the mapping applica 
tion of some embodiments at four different stages 305-320 of 
animating a body of water in response to gesture input. 
0058. The first stage 305 is similar to the fourth stage 120 
illustrated in FIG. 1 except that the animation of the body of 
water depicted by short curved lines in the body of water that 
conceptually represent ripple waves in the water is not shown 
for purposes of explanation and simplicity. As such, the first 
stage 305 of FIGS. 3 illustrates a 3D satellite map view that 
includes two intersecting roads, two buildings, and a body of 
water behind the roads and buildings. 
0059. The second stage 310 illustrates a user performing a 
panning operation on the map. As shown, the user in this 
example pans the map by using a finger to toucha touchscreen 
of the device on which the mapping application is operating 
and dragging the finger along the touchscreen towards the left 
of the touchscreen in order to pan the map towards the right. 
0060. The third stage 315 illustrates the GUI 200 when the 
user is near the completion of the panning operation on the 
map. At this stage 315, the user has panned the map toward the 
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right as the two roads and two buildings are shown farther 
towards the left than the roads and buildings illustrated in the 
second stage 310. 
0061. The fourth stage 320 illustrates the GUI 200 after 
the user has completed the panning operation on the map. In 
this example, the user completes the panning operating by 
lifting the finger off the touchscreen of the device. In some 
embodiments, when the mapping application receives the 
completion of the panning operation, the mapping applica 
tion generates (e.g., using a shader for animating water 
waves) an animation of waves in the body of water that appear 
to be caused by the panning of the map. For this example, the 
mapping application generates waves that appear to roll from 
the right towards the left in the body of water. Such waves are 
shown in the fourth stage 320 by long curved lines in the body 
of water that conceptually represent the rolling waves. 
0062 Although FIG.3 illustrates an example of animating 
water in a 3D satellite map view based on a particular gesture 
input, one of ordinary skill in the art will recognize that the 
mapping application of some embodiments generates anima 
tions of water wave effects for different types of gesture input. 
For example, in Some embodiments, the mapping application 
generates animations of water wave effects in response to 
pinch gestures for decreasing the Zoom level at which the map 
is viewed, spread gestures for increasing the Zoom level at 
which the map is viewed, etc. In addition, the mapping appli 
cation of some embodiments animates water in a 3D satellite 
map view based on gestures defined for performing additional 
and/or different types of map browsing operations (e.g., 
rotate, tilt, Zoom, etc.) 
0063 FIG. 4 conceptually illustrates an example of the 
mapping application of Some embodiments animating water 
in a 3D satellite map view based on motion input. In particu 
lar, FIG. 4 illustrates the GUI 200 of the mapping application 
of some embodiments, which is displayed on a device 400 on 
which the mapping application is operating, at three different 
stages 405-415 of animating a body of water in response to 
motion input. 
0064. The first stage 405 is similar to the fourth stage 120 
illustrated in FIG. 1 except that the animation of the body of 
water depicted by short curved lines in the body of water that 
conceptually represent ripple waves in the water is not shown 
for purposes of explanation and simplicity. Thus, the first 
stage 405 shows a 3D satellite map view that includes two 
intersecting roads, two buildings, and a body of water behind 
the roads and buildings. 
0065. The second stage 410 illustrates a user moving the 
device 400 on which the mapping application is operating. As 
illustrated, in this example, the user moves the device 400 by 
using a finger to tap the right side of the device 400. 
0066. The third stage 415 illustrates the GUI 200 after the 
user has tapped the device 400. In some embodiments, when 
the mapping application detects movement of the device 400 
(e.g., using a motion sensor, such as an accelerometer or 
gyroscope, of the device 400), the mapping application gen 
erates (e.g., using a shader for animating water waves) an 
animation of waves in the body of water that appear to be 
caused by the movement of the device 400. In this example, 
the mapping application generates an animation of waves that 
appear to roll from the right towards the left in the body of 
water. These waves are shown in the third stage 415 by long 
curved lines in the body of water that conceptually represent 
the rolling waves. 

Feb. 25, 2016 

0067 FIG. 5 conceptually illustrates an example of the 
mapping application of Some embodiments animating water 
in a 3D satellite map view based on audio input. Specifically, 
FIG. 5 illustrates the GUI 200 of the mapping application of 
some embodiments, which is displayed on a device 500 on 
which the mapping application is operating, at three different 
stages 505-515 of animating a body of water in response to 
audio input. As shown, the device 500 includes a microphone 
520 for sensing sound. 
0068. The first stage 505 is similar to the fourth stage 120 
illustrated in FIG. 1 except that the animation of the body of 
water depicted by short curved lines in the body of water that 
conceptually represent ripple waves in the water is not shown 
for purposes of explanation and simplicity. Therefore, the first 
stage 505 of FIGS. 5 illustrates a 3D satellite map view that 
includes two intersecting roads, two buildings, and a body of 
water behind the roads and buildings. 
0069. The second stage 510 illustrates a user providing 
audio input for the microphone 520. As shown, the user in this 
example provides audio input for the microphone 520 by 
speaking towards the microphone 520, which is indicated by 
Sound waves emanating towards the microphone 520. 
(0070. The third stage 515 illustrates the GUI 200 after the 
user has provided audio input for the microphone 520 of the 
device 500. In some embodiments, when the mapping appli 
cation detects sound through the microphone 520, the map 
ping application generates (e.g., using a shader for animating 
water waves) an animation of waves in the body of water that 
appear to be caused by the Sound. For this example, the 
mapping application generates an animation of waves that 
appear to roll in the body of water away from the shore in a 
direction away from the microphone 520. These waves are 
shown in the third stage 515 by long curved lines in the body 
of water that conceptually represent the rolling waves. 
0071. The above-described figure illustrates an example 
of animating water in a 3D satellite map view based on Sound 
detected from one microphone on a device on which the 
mapping application of Some embodiments operates. One of 
ordinary skill in the art will understand that the device of 
Some embodiments may include multiple microphones for 
detecting sound. In some embodiments, the mapping appli 
cation operating on Such a device generates the same or 
different animations of wave effects based on sound detected 
by different microphones. 

B. Animations of Foliage 

0072 The examples described above by reference to 
FIGS. 1-5 illustrate animating water in a 3D satellite map 
view. FIG. 6 conceptually illustrates an example of the map 
ping application of Some embodiments generating anima 
tions of foliage in a 3D satellite map view. In particular, FIG. 
6 illustrates a GUI 600 of the mapping application of some 
embodiments, which is displayed on the device 500 on which 
the mapping application is operating, at two different stages 
605-610 of animating foliage in a 3D satellite map view. 
(0073. The first stage 605 illustrates the GUI 600 of the 
mapping application displaying a view of a map. In this 
example, the map view in a 3D satellite viewing mode. That 
is, the mapping application is in a satellite viewing mode and 
the view of the map is a 3D viewing mode is available (e.g., 
the Zoom level of the map view is greater than a defined 
threshold Zoom level at which a 3D view of the map is avail 
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able) and enabled. As shown, the 3D satellite map view 
includes a curved road and several trees on the right side of the 
road. 
0074 The second stage 610 illustrates the GUI 600 after 
the user has provided input for causing the mapping applica 
tion to generate (e.g., using a shader for animating foliage) an 
animation of Swaying trees in the 3D satellite map view. 
Different embodiments of the mapping application generate 
the animation of Swaying trees based on different types of 
input. For instance, in Some embodiments, the mapping appli 
cation generation the animation of swaying trees based on any 
of the different types of input described above by reference to 
FIGS. 2-5. 
0075 While FIG. 6 illustrates one example of animating 
foliage in a 3D satellite map view based on different types of 
input, one of ordinary skill in the art will recognize that the 
mapping application of some embodiments generates differ 
ent animations of foliage based on different types of input. 
Alternatively or in conjunction with generating animations of 
foliage based on input, the mapping application of some 
embodiments generates animations of foliage without any 
input similar to the example described above by reference to 
FIG 1. 

C. Animations of Other Map Elements/Constructs 
0076. As mentioned above, the animated 3D satellite map 
view feature of the mapping application of some embodi 
ments generates animations of different defined types of map 
elements and/or constructs in a 3D satellite map view. FIG. 7 
conceptually illustrates an example of the mapping applica 
tion of some embodiments animating reflections of water off 
the surface of buildings in a 3D satellite map view and ani 
mating shorelines in the 3D satellite map view. Specifically, 
FIG. 7 illustrates a GUI 700 of the mapping application of 
some embodiments, which is displayed on the device 400 on 
which the mapping application is operating. 
0077. As shown, the GUI 700 illustrates a view of map 
includes a body of water and buildings 705 and 710. FIGS. 7 
is similar the fourth stage 120 described above by reference to 
FIG. 1 in that the mapping application in this example ani 
mates map elements are that are identified as bodies of water 
by generating (e.g., using a shader for animating still water) 
an animation of ripple waves in the water. The animation of 
the water in FIG. 7 is similarly depicted by short curved lines 
in the body of water that conceptually represent ripple waves 
in the water. The body of water illustrated in FIGS. 7 includes 
a shoreline 715 along the edge of the body of water that abuts 
land. For this example, the mapping application generates 
(e.g., using a shader for animating waves along shorelines) an 
animation of waves rolling towards the land along the shore 
line 715. The animation of the shoreline 715 is indicated by 
several dashed lines along the shoreline 715. 
0078. In this example, the surfaces of the building 705 
have a highly reflective property (e.g., glass Surfaces, mirror 
surfaces, etc.) and the surfaces of the building 710 have a low 
reflective property (e.g., brick Surfaces, concrete surface, 
etc.). As such, the mapping application in this example gen 
erates (e.g., using a shader for animating reflections on build 
ing surfaces and treating the body of water and shoreline 715 
as a source of light) animations of reflections of the ripple 
waves in the body of water and the rolling waves along the 
shoreline 715 off the surfaces of the buildings 705 and 710. 
Since the reflective property of the surfaces of the building 
705 is higher than the reflective property off the surfaces of 
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the building 710, the animation the reflection off the surfaces 
of the building 705 is greater than the animation of the reflec 
tion off the surfaces of the building 710. In this example, the 
reflection off the building 705 is darker than the reflection off 
the building 710 in order to indicate that the reflection off the 
building 705 is greater than the reflection off the building 710. 
007.9 The figures described above show several examples 
of animating different types of map elements and/or con 
structs in a 3D satellite map view. One of ordinary skill in the 
art will realize that the mapping application of different 
embodiments animates any number of additional and/or dif 
ferent defined types of map elements and/or constructs. For 
instance, in Some embodiments, the mapping application 
generates animations for different defined types of bodies of 
water (e.g., deep water, shallow water, oceans, lakes, rivers, 
reservoirs, harbors, etc.). In addition, the mapping application 
of some embodiments generates different animations for a 
particular defined type of map elements and/or construct 
based on different conditions (e.g., based on no input, differ 
ent types of input, such as the ones described above by refer 
ence to FIGS. 3-5, etc.) 
0080. The mapping application of different embodiments 
uses different techniques to generate animations for different 
defined types of map elements and/or constructs. In some 
embodiments, the mapping application uses techniques to (1) 
move the Vertices of polygons that represent map elements 
and/or (2) shade the vertices of the polygons in order to 
animate the map elements. 
I0081. In some embodiments, when the mapping applica 
tion generates animations by moving vertices of polygons, 
the mapping application uses a shader (e.g., a vertex shader) 
to move the vertices of the polygons, which in turn animates 
the textures that are mapped to the polygons. Such a shader is 
used in Some embodiments to generate water ripples (e.g., the 
water ripples described above by reference to FIG. 2), sway 
ing trees and/or foliage (e.g., the Swaying trees described 
above by reference to FIG. 6), etc. 
I0082. The mapping application of some embodiments 
moves the vertices of polygons based on interpolation. For 
example, in some embodiments, the mapping application 
Vertically interpolates the vertices of polygons that represent 
trees and/or foliage in order to generate swaying trees and/or 
foliage. When using interpolation to move vertices of poly 
gons, the mapping application of some embodiments inter 
polates the vertices using a defined range of motion to limit 
the motion of the vertices in order to minimize artifacts and 
computer resources for performing Such an operation. 
I0083) To generate different animations using the vertex 
moving technique, the mapping application of some embodi 
ments moves the vertices of polygons differently. For 
instance, in Some embodiments, the mapping application 
generates water ripples in a body of water by moving the 
vertices of the polygons that represent the body of water in a 
Vertical direction (e.g. up, down). When the mapping appli 
cation generates water waves in a body of water in response to 
a pan operation, the mapping application moves the vertices 
of the polygons that represent the body of water in vertical 
and horizontal directions (e.g., left, right, up, down). 
I0084. When map elements and/or constructs are formed 
by interior polygons and exterior polygons, the mapping 
application of some embodiments interpolates the vertices of 
interior polygons and does not interpolate the vertices of 
exterior polygons. For instance, in some embodiments, when 
the mapping application animates a body of water by moving 
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vertices of polygons that represent the body of water, the 
mapping application interpolates the vertices of all the poly 
gons except the polygons along the perimeter of the body of 
water abutting land. Using a tree as another example, the 
mapping application of some embodiments interpolates the 
Vertices of all the polygons representing the tree except for the 
polygons that form the bottom of the trees abutting land. 
0085 For the vertex shading technique, the mapping 
application of Some embodiments animates map elements 
and/or constructs by modifying (e.g., using a texture shader) 
the color attributes of the vertices of the polygons that repre 
sent the map elements and/or constructs. For example, in 
Some embodiments, the mapping application modifies the 
color attributes of the vertices of polygons that represent a 
body of water to generate water waves (e.g., the water waves 
illustrated in FIGS. 1, 3-5, and 7). 
I0086. In some embodiments, the mapping application 
uses both the vertex moving technique and the vertex shading 
technique to generate animations. For instance, the mapping 
application of some embodiments generates water waves in a 
body of water in response to a pan operation (e.g., the water 
waves described above by reference to FIG. 3) by moving 
(e.g., left, right, up, down) the vertices of the polygons that 
represent the body of water and modifying the color attributes 
of the vertices of the polygons. 

II. Image Processing 

0087. In some embodiments, the examples and embodi 
ments of the invention described above are implemented as 
Software running on a particular machine, Such as a computer, 
a handheld device, or a tablet computing device, or stored in 
a machine readable medium. FIG. 8 conceptually illustrates a 
software architecture of a mapping application 800 of some 
embodiments. In some embodiments, the mapping applica 
tion 800 is a stand-alone application (e.g., Maps(R), provided 
by Apple Inc.) for browsing a map, searching locations in the 
map, identifying routes in the map, navigating routes in the 
map, etc. 
0088. The mapping application 800 of some embodiments 

is integrated into another application while the mapping 
application 800 of other embodiments might be implemented 
within an operating system (e.g., iOSR), provided by Apple 
Inc.). Furthermore, in Some embodiments, the mapping appli 
cation 800 is provided as part of a server-based solution. In 
Some Such embodiments, the mapping application 800 is 
provided via a thin client. That is, the mapping application 
800 runs on a server while a user interacts with the mapping 
application 800 via a separate machine remote from the 
server. In other such embodiments, the mapping application 
800 is provided as a thick client. That is, the mapping appli 
cation 800 is distributed from the server to the client machine 
and runs on the client machine. 
0089. As shown, the mapping application 800 includes a 
geo services module 805, an image processor 810, and an 
input recognition module 815. The mapping application 800 
also includes geo services data storage 825, rendering data 
storage 830, and rendered map views storage 835. 
0090. In some embodiments, the geo services data storage 
825 stores geographic data (also referred to as geodata or geo 
data). The geographic data of Some embodiments includes 
data that represents objects (e.g., roads, buildings, landcover, 
foliage and/or vegetation, waterways, etc.) in the real world. 
The data that represents the objects in the real world includes 
in some embodiments vector data (e.g., points, lines, poly 
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gons, etc.), raster data (e.g., CCIS), or a combination of both 
vector and raster data. The rendering data storage 830 stores 
data for rendering map views. In some embodiments the 
rendering data includes texture data, color data, shadow data, 
shader data, and stylesheet data that specifies the rendering 
parameters (e.g., textures, colors, shadows, shaders, etc.) to 
use for rendering different map elements and/or constructs in 
the map view. The rendered map views storage 835 stores 
rendered views of maps. 
(0091. In some embodiments, the storages 825-835 are 
implemented in one physical storage while, in other embodi 
ments, the storages 825-835 are implemented on separate 
physical storages. Still, in some embodiments, some or all of 
the storages 825-835 are implemented across several physical 
Storages. 
0092. The geo services module 805 is responsible for 
retrieving geo data for the image processor 810 to render map 
views. In some embodiments, the geo services module 805 is 
implemented as a set of services that receives requests from 
the image processor 810 for a particular set of geo data (e.g., 
geo data for a region of a map). When the geo services module 
805 receives such requests from the image processor 810, the 
geo services module 805 of some embodiments retrieves the 
requested set of geo data from a map service 820 (e.g., via a 
network, Such as the Internet) for providing map information 
and other map-related data, a local cache for storing cached 
geo data, a local storage for storing geo data, or any combi 
nation of aforementioned sources of geo data. Additional 
and/or different sources of geo data may be used in some 
embodiments. In some embodiments, the geo services mod 
ule 805 passes the requested set of geo data to the image 
processor 810 while, in other embodiments, the geo services 
module 805 stores the requested set of geo data in the geo 
services data storage 825 for the image processor 810 to 
Subsequently access. 
0093. The image processor 810 handles the rendering of 
map views for display on a display Screen of a device on 
which the mapping application 800 operates. In some 
embodiments, the image processor 810 renders a map view 
based on information (e.g., input information, such as touch 
input, gesture input, motion input, audio input, etc.) received 
from the input recognition module 815. Based on the infor 
mation from the input recognition module 815, the image 
processor 810 requests geo data from the geo services module 
805 for rendering the map view. The image processor 810 of 
Some embodiments (1) generates a virtual map based on the 
requested geo data (2) uses a rendering engine to render a 
view of the virtual map identified by a virtual camera. Once 
the map view is rendered, the image processor 810 of some 
embodiments stores the map view in the rendered map views 
storage 835 for the mapping application 800 to access and 
display on the display Screen of the device. 
0094. The input recognition module 815 identifies the type 
of and interprets input data received from input device drivers 
(not shown in FIG. 8), such as a touchscreen device driver, an 
audio device driver, a motion device driver, etc. that are part of 
an operating system running on the device. In some embodi 
ments, the input device drivers translate signals from input 
devices and/or input sensors into input data that is provided to 
the input recognition module 815. 
(0095 While many of the features have been described as 
being performed by one module (e.g., the geo services mod 
ule 805, the image processor 810, etc.), one of ordinary skill 
in the art would recognize that the functions might be split up 
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into multiple modules. Similarly, the functions described as 
being performed by multiple different modules might be per 
formed by a single module in Some embodiments (e.g., the 
geo services module 810 might be part of the image processor 
810). 
0096 FIG. 9 conceptually illustrates a process 900 of 
Some embodiments for animating 3D satellite map views. In 
Some embodiments, the mapping application (e.g., the image 
processor 810 described above by reference to FIGS. 8) per 
forms the process 900 when the mapping application renders 
a map view (e.g., when the mapping application is in a map 
browsing mode, location-search mode, route-identification 
mode, route-navigation mode, etc.) for display on a device on 
which the mapping application is operating. 
0097. The process 900 starts by receiving (at 905) a 
request for a view of a map. Next, the process 900 determines 
(at 910) whether the requested is for a 3D satellite map view 
of the map. In some embodiments, the request is for a 3D 
satellite map view when (1) the mapping application is in a 
satellite viewing mode (e.g., the satellite viewing mode is 
activated by selecting the satellite viewing mode control 170 
illustrated in FIG. 1) and (2) the mapping application is in a 
3D viewing mode (e.g., when the Zoom level of the requested 
map view is greater than a defined threshold Zoom level and 
the 3D viewing mode is activated by selecting the 3D control 
150 illustrated in FIG. 1). 
0098. When the process 900 determines that the request is 
not for a 3D satellite map view of the map, the process 900 
renders (at 950) the view of the map in the requested viewing 
mode. Then process 900 then ends. 
0099. When the process 900 determines that the request is 
for a 3D satellite map view of the map, the process 900 
identifies (at 915) a set of map tiles for the 3D satellite map 
view. In some embodiments, the process 900 identifies the set 
of map tiles by accessing a map service for providing map 
information and other map-related data, a local cache for 
storing cached geo data, a local storage for storing geo data, or 
any combination of the aforementioned sources of map tiles. 
0100. The process 900 then compiles (at 920) the set of 
map tiles to generate a set of meshes and compiles a set of 
shaders. In some embodiments, the set of shaders that the 
process 900 compiles includes shaders that are specified for 
the types of meshes that process 900 generates by compiling 
the set of map tiles. For instance, the process 900 of some 
embodiments compiles a set of shaders for animating water 
(e.g., a shader for animating still water, a shader for animating 
water ripples, a shader for animating water waves, etc.) when 
the set of generated meshes includes a water mesh; a set of 
shaders for animating building Surfaces (e.g., a shader for 
animating reflections on building Surfaces) when the set of 
generated meshes includes a building mesh; a set of shaders 
for animating shorelines (e.g., a shader for animating waves 
along shorelines) when the set of generated meshes includes 
a shoreline mesh; a set of shaders for animating foliage (e.g., 
a shader for animating still foliage; a shader for animating 
Swaying foliage, etc.) when the set of generated meshes 
includes a foliage mesh, etc. In some instances, one or more 
of the set of shaders are already compiled, and, thus, do not 
need to be compiled. 
0101. After compiling the map tiles and any necessary 
shaders, the process 900 identifies (at 925) a mesh in the set of 
generated meshes. Next, the process 900 determines (at 930) 
whether the identified mesh is a type of mesh defined for 
animating. As noted above, the animated 3D satellite map 
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view feature of the mapping application animates different 
defined types of map elements and/or constructs in a 3D 
satellite map view. When the process 900 determines that the 
identified mesh is not a type of mesh defined for animating, 
the process 900 renders (at 935) the identified mesh with 
textures specified for the mesh (e.g., specified in a stylesheet) 
and without any shaders. The process 900 then proceeds to 
955. 
0102) When the process 900 determines that the identified 
mesh is a type of mesh defined for animating, the process 900 
determines (at 940) whether the Zoom level (also referred to 
as the level of detail) of the requested view of the map is 
greater thana threshold Zoom level (e.g., Zoom level 15, Zoom 
level 18, Zoom level 20, etc.). When the process 900 deter 
mines that the Zoom level of the requested view of the map is 
not greater than the threshold Zoom level, the process 900 
renders (at 935) the identified mesh with textures specified for 
the mesh (e.g., specified in a stylesheet) and without any 
shaders. The process 900 then proceeds to 955. 
(0103) When the process 900 determines that the Zoom 
level of the requested view of the map is greater than the 
threshold Zoom level, the process 900 renders (at 945) the 
identified mesh with textures specified for the mesh (e.g., 
specified in a stylesheet) and a shader specified for the mesh. 
The process 900 then proceeds to 955. 
0104 Finally, the process 900 determines (at 955) whether 
any mesh is left to render in the set of generated meshes. 
When the process 900 determines that a mesh is left to render, 
the process 900 returns to 925 to continue rendering any 
remaining meshes in the set of generated meshes. Otherwise, 
the process 900 ends. 
0105 FIG. 10 conceptually illustrates a state diagram 
1000 of a mapping application of some embodiments. As 
shown, the state diagram 1000 includes states 1005-1035 of 
the mapping application 1000 when the mapping application 
1000 renders defined types of map elements and/or constructs 
in 3D satellite map views based on different types of input. 
0106. At state 1005, the mapping application renders non 
satellite map views for display on a device on which the 
mapping application 1000 is operating. In some embodi 
ments, a non-satellite map view is a map view that is rendered 
without using any CCIs. The mapping application 1000 of 
some embodiments enters state 1005 when the mapping 
application is in a route-navigation mode or a non-satellite 
viewing mode is activated (e.g., by selecting the standard 
viewing mode control 160 illustrated in FIG.1). While in state 
1005, the mapping application 1000 transitions to state 1010 
when a satellite viewing mode is activated (e.g., by selecting 
the satellite viewing mode control 170 illustrated in FIG. 1). 
0107 At state 1010, the mapping application 1000 renders 
satellite map views for display on the device on which the 
mapping application 1000 is operating. In some embodi 
ments, a satellite map view is a map view that is rendered by 
texture mapping CCIs to the map. While in state 1010, the 
mapping application 1000 transitions to state 1015 when a 3D 
viewing mode is available (e.g., the Zoom level of the map 
view is greater than a defined threshold Zoom level at which a 
3D view of the map is available) and enabled (e.g., by select 
ing the 3D control 150 illustrated in FIG. 1). 
0108. In state 1015, the mapping application 1000 renders 
3D satellite map view for display on the device on which the 
mapping application 1000 is operating. In some embodi 
ments, the mapping application animates defined types of 
map elements and/or constructs in the 3D satellite map views. 
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For instance, the mapping application 1000 of some embodi 
ments generates animations of ripples waves in bodies of 
water in a manner similar to the example described above by 
reference to FIG. 1 and animations of waves along shorelines 
and reflections on buildings in a similar fashion as that 
described above by reference to FIG. 7. While in state 1015, 
the mapping application 1000 transitions to state 1020 when 
the mapping application 1000 receives any type of input. 
0109. At state 1020, the mapping application 1000 differ 
entiates between different types of input and translates these 
types of input into different 3D satellite map view rendering 
operations. In some embodiments, the mapping application 
1000 receives the input as translated by the operating system 
of the device on which the mapping application 1000 is oper 
ating and identifies the type of input received from the oper 
ating system. While in state 1020, the mapping application 
1000 transition to a different state based on the identified type 
of input. In this example, the mapping application 1000 tran 
sitions to state 1025 when the mapping application 1000 
receives touch input, transitions to state 1030 when the map 
ping application 1000 receives audio input, and transitions to 
state 1035 when the mapping application 1000 receives 
motion input. 
0110. When the mapping application 1000 transitions to 
state 1025, the mapping application 1000 renders defined 
types of meshes in 3D satellite map views with shaders based 
on touch input. In some embodiments, the mapping applica 
tion 1000 renders defined types of meshes differently based 
on different types of touch input. For instance, when the 
mapping application 1000 receives a tap input for selecting a 
location in the water, the mapping application 1000 renders 
water using a shader for animating water ripples similar to the 
example described above by reference to FIG. 2 and foliage 
using a shader for animating foliage similar to the example 
described above by reference to FIG. 6. As another example, 
when the mapping application 1000 receives a touch and drag 
input for panning the map, the mapping application 1000 
renders water using a shader for animating water waves simi 
lar to the example described above by reference to FIG.3 and 
foliage using a shader for animating foliage similar to the 
example described above by reference to FIG. 6. 
0111 While the mapping application 1000 continues to 
receive the touch input, the mapping application 1000 stays in 
state 1025 and continues to render the defined types of meshes 
with shaders specified for touch input. When the mapping 
application 1000 no longer receives the touch input, the map 
ping application 1000 completes the rendering of the defined 
types of meshes with the shaders and returns to state 1015. 
0112 In some embodiments, the mapping application 
1000 renders the defined types of meshes with the shaders 
differently when the mapping application 1000 is receiving 
input and when the mapping application 1000 no longer 
receives input and is completing the rendering. For instance, 
when the mapping application 1000 stops receiving a touch 
and drag input for panning the map, the mapping application 
1000 of some embodiments renders a deceleration of the 
panning operation. When the deceleration of the map stops, 
the mapping application 1000 of some such embodiments 
animates water shifting and foliage swaying in a manner that 
appears to be caused by the panning of the map stopping. 
0113. When the mapping application 1000 transitions to 
state 1030, the mapping application 1000 renders defined 
types of meshes in 3D satellite map views with shaders based 
on audio input. For example, when the mapping application 
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1000 receives audio input, the mapping application 1000 
renders water using a shader for animating water waves simi 
lar to the example described above by reference to FIG.5 and 
foliage using a shader for animating foliage similar to the 
example described above by reference to FIG. 6. 
0114 While the mapping application 1000 continues to 
receive the audio input, the mapping application 1000 stays in 
state 1030 and continues to render the defined types of meshes 
with shaders specified for audio input. When the mapping 
application 1000 no longer receives the audio input, the map 
ping application 1000 completes the rendering of the defined 
types of meshes with the shaders and returns to state 1015. 
0.115. When the mapping application 1000 transitions to 
state 1035, the mapping application 1000 renders defined 
types of meshes in 3D satellite map views with shaders based 
on motion input of movement of the device on which the 
mapping application 1000 is operating. For instance, when 
the mapping application 1000 receives motion input, the 
mapping application 1000 renders water using a shader for 
animating water waves similar to the example described 
above by reference to FIG. 4 and foliage using a shader for 
animating foliage similar to the example described above by 
reference to FIG. 6. 
0116 While the mapping application 1000 continues to 
receive the motion input, the mapping application 1000 stays 
in state 1035 and continues to render the defined types of 
meshes with shaders specified for motion input. When the 
mapping application 1000 no longer receives the motion 
input, the mapping application 1000 completes the rendering 
of the defined types of meshes with the shaders and returns to 
State 1015. 
0117 FIG. 11 conceptually illustrates a processing pipe 
line 1100 performed by the mapping application of some 
embodiments in order to render a view of a map for display at 
the client device (e.g., on a display Screen of the client 
device). As illustrated, the processing pipeline 1100 includes 
a geo services module 1101 and an image processor 1102. In 
some embodiments, the geo services module 1101 and the 
image processor 1102 implement the corresponding geoser 
vices module 805 and the image processor 810 illustrated in 
FIG. 8. The geo services module 1101 includes a requestor 
1105, a tile decoder 1110, a tile processor 1150, a set of mesh 
builders 1115, a tile provider 1120, a virtual camera 1188, and 
a rendering engine 1125. 
0118. The tile processor 1150 of some embodiments 
receives requests for map tiles from the mesh builders 1115 
and performs a multiplexing operation before forwarding the 
requests. The mesh builders 1115, as will be described below, 
identify existing map tiles (that are stored on a map service 
1103 server or in a cache on the device performing the pro 
cessing pipeline 1100) needed to build their respective 
meshes. In some embodiments, the map tiles are referenced 
as nodes of a quadtree. The tile processor acts as a multiplexer 
when multiple mesh builders request the same tile. As the 
mesh builders request tiles, in some embodiments the tile 
processor 1150 stores these tiles in its queue. After either a 
particular period of time or after a particular number of tiles 
have been requested, the tile processor 1150 flushes the queue 
and sends the tile list to the tile decoder 1110. 
0119) The tile decoder 1110 receives the multiplexed tile 

list 1135 from the tile processor 1150 and handles the return 
of decompressed tiles 1145 to the tile processor 1150. In some 
embodiments, the tile decoder 1110 first checks one or more 
local caches to determine whether it has the requested tiles 
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stored at the device on which the mapping application oper 
ates. In some embodiments, the geo services module 1101 
include a first tile cache Stored on non-volatile memory (e.g., 
disk, flash memory, etc.) as well as a second tile cache stored 
in Volatile memory (e.g., random access memory). When the 
tile decoder 1110 finds the tiles in one of the caches, it sends 
these tiles back to the tile processor 1150 (for return to the 
requesting mesh builder(s) 1115. 
0120 When the tile decoder 1110 does not have the tiles in 

its cache, it sends a request to the requestor 1105 for the 
remaining tiles. Upon receiving these map tiles 1140 in a 
compressed format, the tile decoder decompresses the 
received tiles to generate decompressed tiles 1145. In some 
embodiments, after generating the map tiles as described 
above, the map service 1103 also compresses the tiles using 
an encoding technique (e.g., a Lempel–Ziv-Markov chain 
algorithm (LZMA)). Different embodiments use different 
encoding techniques. The tile decoder 1110 returns these 
decompressed tiles 1145 to the tile processor 1150, and in 
Some cases also stores them in one or both of the tile caches. 

0121 The requestor 1105, in some embodiments, receives 
requests for map tiles from the tile decoder 1110 (which in 
turn receives the requests from the tile processor 1150). These 
map tiles, in Some embodiments, are stored on a server (e.g., 
a server of the map service 1103 to which the user's device 
connects). The requestor sends a tile list 1136 (received from 
the tile decoder 1110) that identifies the tiles needed from the 
map service 1103 (and not available in the tile caches. In some 
embodiments, the requestor takes advantage of the operating 
device's network connections (e.g., a Wi-Fi connection, a 
GSM connection, etc.) to contact the map service 1103 
through the Internet to retrieve the needed map tiles. Upon 
receiving the tiles (in a compressed form) from the map 
service 1103, the requestor 1105 returns the compressed tiles 
1140 to the tile decoder. 

0122. In some embodiments, the requestor 1105 (or the 
tile processor 1150, or a different portion of the pipeline) 
identifies tiles at additional Zoom levels that cover the same 
geographical area as the initially requested tiles, and adds 
these tiles to the request list 1136 so that the tiles will be 
available if needed in the near future. In addition, some 
embodiments automatically request tiles at the same (or dif 
ferent Zoom levels) for nearby geographical regions, in order 
to have the tiles available in case the user pans the map. In 
some embodiments, the requestor 1105, tile decoder 1110. 
and tile processor 1150 function as an independent portion of 
the processing pipeline, with the mesh builders 1115 as the 
"clients' of this section. 

(0123. The mesh builders 1115 (also referred to as tile 
sources) of some embodiments are instantiated by the tile 
provider 1120 in order to build different layers of virtual map 
tiles. Depending on the type of map being displayed by the 
mapping application, the tile provider 1120 may instantiate a 
different number and different types of mesh builders 1115. 
For instance, for a satellite view map, the tile provider 1120 
might only instantiate one mesh builder 1115, as the satellite 
map tiles of some embodiments do not contain multiple lay 
ers of data. In some embodiments, the satellite map tiles 
include an already-built mesh generated at the map service 
1103 for which the CCIs (e.g., images taken by a satellite, 
space shuttle, airplane, helicopter, etc.) are used as textures. 
However, in some embodiments, additional mesh builders 
may be instantiated for generating the labels to overlay on the 
CCIS when rendering map views in a hybrid viewing mode. 
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For a 2D or 3D rendered vector map (i.e., a non-CCI map), 
some embodiments instantiate separate mesh builders 1115 
to build meshes for landcover polygon data (e.g., parks, bod 
ies of water, etc.), roads, place of interest markers, point 
labels (e.g., labels for parks, etc.), road labels, traffic (if dis 
playing traffic), buildings, raster data (for certain objects at 
certain Zoom levels), as well as other layers of data to incor 
porate into the map. 
0.124. The mesh builders 1115 of some embodiments 
receive “empty' virtual map tiles 1160 from the tile provider 
1120 and return “built” virtual map tiles 1165 to the tile 
provider 1120. That is, the tile provider 1120 sends to each of 
the mesh builders 1115 one or more virtual map tiles 1160. 
Each of the virtual map tiles 1160 indicates an area of the 
world for which to draw a mesh. Upon receiving such a virtual 
map tile 1160, a mesh builder 1115 identifies the map tiles 
needed from the map service 1103, and sends its list to the tile 
processor 1150. 
0.125. Upon receiving the tiles back from tile processor 
1150, the mesh builder uses vector data stored in the tiles to 
build a polygon mesh for the area described by the virtual map 
tile. In some embodiments, the mesh builder 1115 uses sev 
eral different functions to build the mesh. These functions 
include the mesh generator 1116, the triangulator 1117, the 
shadow generator 1118, and the texture decoder 1119. In 
Some embodiments, these functions (and additional mesh 
building functions) are available to each mesh builder, with 
different mesh builders 1115 using different functions. For 
instance, the mesh builder responsible for the buildings layer 
may use a mesh generator 1116 and a triangulator 1117. In 
addition, several different types of shadow generators may be 
available to the mesh builder 1115, including a first shadow 
generator for creating dynamic shadows (that change as the 
map rotates) and a second shadow generator for creating a 
raster image drop shadow. 
0.126 The mesh generator 1116 generates a mesh of ver 
tices using the tile vector data, in some embodiments. The 
triangulator 1117 generates triangles from the mesh, to sim 
plify the eventual rendering. The shadow generator 1118 adds 
shadows to the mesh (e.g., by labeling vertices and/or poly 
gons with values indicating to the renderer to draw a shadow, 
or how dark of a shadow to draw. The texture decoder 1119 
decodes texture information (e.g., from a stylesheet) and 
applies the texture information to the mesh. In different 
embodiments, the texture information may indicate colors, 
patterns, etc. to add to the polygons when rendered, which is 
encoded into the mesh. 

I0127. In some embodiments, the texture information may 
be determined based on stylesheet data 1155. Furthermore, 
some embodiments also use this stylesheet data 1155 to deter 
mine the shadow, triangulation, and or mesh construction 
data. Using stylesheet-driven rendering enables simple modi 
fication to many aspects of the map output, because changes 
to a texture, color, etc. can be made through a minor modifi 
cation of a stylesheet. As a result, textures can be dynamically 
created on the fly. An example benefit of the stylesheet-driven 
rendering is the facilitation of using different textures for 
certain types of objects at different Zoom levels or geographic 
regions. For instance, when viewed at a low Zoom level (less 
detail). Some embodiments might color a park a simple light 
green. On the other hand, as the user Zooms in to a higher 
Zoom level (more detail), the stylesheets indicate to apply a 
pattern (e.g., a foliage pattern) to the park region. Similarly, 
patterns at higher Zoom levels could be added to buildings, 
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bodies of water, asphalt, urban land cover, etc. This informa 
tion can be coded into a stylesheet and then the mesh builder 
simply adds the appropriate texture information to a tile mesh 
based on the Zoom level of the tile. 
0128 By tagging roads (e.g., as urban, Suburban, or rural), 
the map service 1103 can induce the client application to use 
different textures for the land cover regions around those 
roads. In addition, land cover region tags can be updated by 
the server based on metrics indicative of the sort of area 
covered by the land cover region. For instance, some embodi 
ments (on the map service 1103 end) determine the density of 
mobile devices within the region (e.g., based on the number of 
devices accessing the map service 1103) and generate tags for 
the land cover. The stylesheets stored by the client devices 
(which may be updated from the map service 1103, in some 
embodiments) then indicate how to draw these land cover 
regions. Similarly, different styles can be used for rendering 
aspects of different regions (e.g., desert, forest, rocky, etc. for 
land cover; different colors for labels in different states; or 
other such distinctions). 
0129. Each mesh builder 1115 returns its virtual map tiles 
1165 to the tile provider 1120 with its layer of the mesh filled 
in. The tile provider 1120 receives from the rendering con 
troller 1175 a particular view (i.e., a volume, or viewing 
frustum) that represents the map view to be displayed (i.e., the 
volume visible from the virtual camera 1180). The tile pro 
vider performs any culling (e.g., removing Surface area too far 
away, removing objects that will be entirely behind other 
objects, etc.) in some embodiments, then sends the virtual 
map tiles 1160 to the mesh builders 1115. 
0130. In some embodiments, the tile provider 1120 
receives the built virtual map tiles 1165 from the different 
mesh builders at different times (e.g., due to different pro 
cessing times to complete more and less complicated meshes, 
different time elapsed before receiving the necessary map 
tiles from the tile processor 1150, etc.). Once all of the layers 
of virtual map tiles have been returned, the tile provider 1120 
of some embodiments puts the layers together and releases 
the data to the rendering controller 1175 for rendering. 
0131. In some embodiments, the tile provider 1120 may 
have already received a new camera volume for which to 
build a mesh before the mesh builders have returned their 
data. For instance, when the user quickly pans or Zooms a 
map, the data returned by the mesh builders may be out of 
date. In some embodiments, the tile provider either drops the 
built virtual map tile layers or stores them in memory. 
Whether to drop the built virtual map tiles depends, in differ 
ent embodiments, on whether it is likely the built tiles will be 
needed soon (e.g., how much the user has moved the virtual 
camera, whethera navigation is running that makes it unlikely 
the application will display the older data) and the amount of 
memory currently in use. 
0132) The virtual camera 1180 generates a volume or sur 
face for the pipeline 1100 to render, and sends this informa 
tion to the rendering controller 1175. Based on a particular 
location and orientation from which the map will be rendered 
(i.e., the point in 3D space from which the user “views the 
map), the virtual camera identifies a field of view to actually 
send to the tile provider 1120. In some embodiments, when 
the mapping application is rendering the 3D perspective view 
for navigation, the field of view of the virtual camera is 
determined according to an algorithm that generates a new 
virtual camera location and orientation at regular intervals 
based on the movement of the user device. 
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I0133. The rendering controller 1175 is responsible for 
managing the tile provider 1120, virtual camera 1180, and 
rendering engine 1125 in some embodiments. In some 
embodiments, multiple tile providers may actually be instan 
tiated, and the rendering controller 1175 puts together several 
virtual map tiles (e.g., map tiles and building tiles) to create a 
scene that is handed off to the rendering engine 1125. 
I0134. The rendering engine 1125 is responsible for gen 
erating a drawing to output to a display device based on the 
mesh tiles 1165 sent from the virtual camera. As shown, the 
rendering engine 1125 of some embodiments has several 
Sub-processes. In some embodiments, each different element 
is rendered by a different sub-process, with the rendering 
engine 1125 handling the occlusion of different layers of 
objects (e.g., placing labels above or behind different build 
ings, generating roads on top of land cover, etc. FIG. 11 
illustrates a water rendering process 1126, a building render 
ing process 1127, and a foliage rendering process 1128. 
Examples of additional processes include a road rendering 
process, a label rendering process, a raster traffic rendering 
process, a raster road rendering process, a satellite rendering 
process, a polygon rendering process, a background raster 
rendering process, etc. 
0.135 Each of the rendering processes includes a set of 
rendering parameters; illustrated are water parameters 1139, 
building parameters 1137, and foliage parameters 1138. In 
Some embodiments, this data includes information on the 
manner in which to render (e.g., shader information, textures 
to use, etc.) bodies of water, building surfaces, and foliage. 
0.136. In some embodiments, these sets of rendering 
parameters are generated at least in part by a rendering engine 
preparation operation 1170. The rendering engine prepara 
tion operation 1170 includes a shader compiler 1171 and a 
texture loader 1172, among other operations. The shader 
compiler 1171 compiles shaders that the rendering engine 
will use. For instance, the shader compiler 1171 compiles 
shaders for animating defined types of meshes in a 3D satel 
lite map view when the rendering engine will render the 3D 
satellite map view. The texture loader 1172 loads texture 
information (e.g., into the rendering parameters). For 
example, the texture loader 1172 loads textures for shaders 
that animate defined types of meshes in a 3D satellite map 
view when the rendering engine will render the 3D satellite 
map view. This texture information may come from the 
stylesheet data 1155 in some embodiments. 
0.137 The operation of the rendering pipeline 1100 in 
some embodiments will now be described. Based on user 
input to view a particular map region at a particular Zoom 
level, the virtual camera 1180 specifies a location and orien 
tation from which to view the map region, and sends this 
viewing frustum, or volume, to the rendering controller 1175. 
The rendering controller 1175 instantiates one or more tile 
providers. While one tile provider 1120 is shown in this 
figure, some embodiments allow the instantiation of multiple 
tile providers at once. For instance. Some embodiments 
instantiate separate tile providers for building tiles and for 
map tiles. 
0.138. The tile provider 1120 performs any culling neces 
sary to generate an empty virtual map tile identifying regions 
of the map region for which a mesh needs to be built, and 
sends the empty virtual map tiles 1160 to the mesh builders 
1115, which are instantiated for the different layers of the 
drawn map (e.g., roads, land cover, POI labels, etc.). The 
mesh builders 1115 use a manifest received from the map 
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service 1103 that identifies the different tiles available on the 
map service 1103 server (i.e., as nodes of a quadtree). The 
mesh builders 1115 request specific map tiles from the tile 
processor 1150, which removes any duplicate requests and 
sends a tile list 1135 to the tile decoder 1110. 

0.139. The tile decoder 1110 determines whether the 
requested tiles are stored in the tile caches (either the non 
Volatile storage cache or the Volatile storage cache), and 
returns any such tiles to the tile processor 1150 for distribu 
tion to the requesting mesh builders 1115. For any tiles not 
already stored locally, the tile decoder 1110 sends a request to 
the requestor 1105, which sends tile list 1136 (a pared-down 
version of tile list 1135) to a remote map service 1103 server. 
The requestor 1105 receives from the map service 1103, and 
forwards to the tile decoder 1110, the requested map tiles in 
compressed form 1140. The tile decoder 1110 decompresses 
(e.g., decodes) these tiles, stores them in its cache?s), and 
sends the decompressed tiles 1145 to the tile processor 1150 
for return to the mesh builders 1115. 

0140. Once a particular mesh builder 1115 has received its 
map tiles, it begins using the vector data stored in the map tiles 
to build the mesh for the virtual map tiles sent from the tile 
provider 1120. After building the mesh for its map layer, the 
mesh builder 1115 sends the built virtual map tile 1165 back 
to the tile provider 1120. The tile provider 1120 waits until it 
has received all of the virtual map tiles from the various mesh 
builders 1115, then layers these together and sends the com 
pleted virtual map tile to the rendering controller 1175. The 
rendering controller 1175 stitches together the returned tiles 
from all of its tile providers (e.g., a virtual map tile and a 
virtual building tile) and sends this scene to the rendering 
engine 1125. The rendering engine 1125 uses the information 
in the map tiles to draw the scene for display. 
0141 FIG. 12 conceptually illustrates a rendering control 
ler 1200 that manages the rendering of animated water and 
buildings in 3D satellite map views according to some 
embodiments of the inventions. In some embodiments, the 
rendering controller 1200 is similar to the one described 
above by reference to FIG. 11. In this example, a virtual 
camera 1225 identifies a 3D view of a map region and pro 
vides the 3D view to the rendering controller 1200. When the 
rendering controller 1200 receives the 3D map view from the 
virtual camera 1225 to render, the rendering controller 1200 
instantiates a tile provider 1205. The tile provider 1205 
instantiates a set of water mesh builders 1210 and a set of 
satellite view mesh builders 1215 for building the virtual map 
tiles for a 3D scene 1265. The set of water mesh builders 1210 
requests vector tiles for the 3D scene 1265 that include poly 
gon data for water meshes (and meshes of other defined types 
ofmap elements and/or constructs) in the 3D scene 1265. The 
set of satellite view mesh builders 1215 requests satellite map 
tiles that include meshes and CCIs of the 3D scene 1265. In 
some embodiments, the rendering controller 1200 instanti 
ates a tile provider for each different type of tiles needed for 
building the virtual map tiles for the 3D scene 12645. In this 
example, the rendering controller 1200 of some such embodi 
ments instantiates a tile provider for the satellite map tiles and 
a tile provider for the vector tiles. 
0142. Once the rendering controller 1200 receives these 
virtual tiles from the tile provider 1205, the rendering con 
troller 1200 pieces them together to form the 3D scene 1265 
and provides the 3D scene 1265 to a rendering engine 1230 
for rendering a 3D satellite map view of the 3D scene 1265 
based on the 3D view identified by the virtual camera 1225. 
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0.143 For animating water and buildings in the 3D satellite 
map view, the rendering controller 1200 specifies the shaders 
and textures that the rendering engine 1230 uses to render the 
water meshes and the building meshes in the 3D scene 1265. 
The rendering controller 1200 specifies different shaders and/ 
or textures based on different input information (e.g., touch 
input information, audio input information, motion input 
information, etc.) received from an input recognition module 
1220. In some embodiments, the input recognition module 
1220 is similar to the one described above by reference to 
FIG.8. In some embodiments, the rendering controller 1200 
specifies the same shader for animating a defined type of map 
element or construct based on a set of different inputs 
received from the input recognition module 1220. For 
instance, the rendering controller 1200 of some such embodi 
ments specifies a shader for animating water waves to gener 
ate animations of water based on gesture input, audio input, 
and motion input. 
0144. The rendering engine 1230 renders the 3D satellite 
map view of the 3D scene 1265 using different sub-processes 
for rendering different map elements and/or constructs in the 
3D satellite map view. In this example, a water rendering 
process 1235 renders bodies of water in the 3D satellite map 
view using water shaders and water textures and a building 
rendering process 1240 renders buildings in the 3D satellite 
map view using on building shaders and building textures. 
While the rendering processes 1235 and 1240 are shown as 
separate from the rendering engine 1230, the rendering pro 
cesses 1235 and 1240 of some embodiments are actually part 
of the rendering engine 1230. 
0145 FIG. 13 conceptually illustrates a rendering engine 
1300 that renders buildings for animated 3D satellite map 
views according to Some embodiments of the invention. In 
some embodiments, the rendering engine 1300 implements 
the rendering engines described above by reference to FIGS. 
11 and 12. 
0146. As shown, a scene rendering manager 1310 for han 
dling the rendering map views receives a 3D scene 1305 for 
rendering a 3D satellite map view. To render the 3D satellite 
map view of the 3D scene 1305, the scene rendering manager 
1310 manages the rendering of the meshes in the 3D scene 
and generates the 3D satellite map view of the rendered 3D 
scene 1305 once the meshes have been rendered. The scene 
rendering manager 1310 then stores the 3D satellite map view 
in a rendered map views storage 1335 for display on a display 
screen of a device on which the rendering engine 1300 oper 
ates. 

0147 As illustrated in FIG. 13, the scene rendering man 
ager 1310 identifies a mesh 1315 in the 3D scene 1305 and 
passes it to a mesh identifier 1320 for identifying the mesh 
type of meshes. In this example, the mesh identifier 1320 
identifies the mesh 1315 as a building mesh 1325 and passes 
it to a building mesh rendering process 1330 for rendering 
building meshes. The building mesh rendering process 1330 
renders the building mesh 1325 using a building shader for 
animating the building mesh 1325 (e.g., a shader for animat 
ing reflections on the Surfaces of the building mesh) and 
textures (e.g., CCIS, user or machine generated textures, and/ 
or other types of textures) specified for rendering the building 
mesh 1325 and then returns the rendered building mesh 1325 
to the scene rendering manager 1310. 
0.148. In some embodiments, the building shader renders a 
building mesh based on the normals of the surfaces of the 
building mesh. For instance, the building shader of some 



US 2016/0055669 A1 

embodiments uses the normals of the surfaces of the building 
mesh to render reflections and/or refractions on the surfaces 
of the building (e.g., the reflections on the buildings 705 and 
710 illustrated in FIG. 7). In some embodiments, the building 
shader uses global illumination techniques to render these 
nearby reflections and refractions on the surfaces of the build 
ing. For a particular surface of a building, the building shader 
of some Such embodiments takes into account light sources 
(e.g., the body of water and shoreline 715 illustrated in FIG. 
7) as well as light rays that reflect off other reflective surfaces 
in the scene when rendering the reflections and/or refractions 
on the particular surface of the building. 
014.9 FIG. 14 conceptually illustrates the rendering 
engine 1300 that renders water for animated 3D satellite map 
views according to Some embodiments of the invention. In 
this example, the scene rendering manager 1310 is rendering 
the 3D scene 1305 in order to generate the 3D satellite map 
view of the 3D scene 1305. 

0150. As illustrated in FIG. 14, the scene rendering man 
ager 1310 identifies a mesh 1415 in the 3D scene 1305 and 
passes it to the mesh identifier 1320. The mesh identifier 1320 
in this example identifies the mesh 1415 as a water mesh 1425 
and passes it to a water mesh rendering process 1430 for 
rendering water meshes. The water mesh rendering process 
1430 renders the water mesh 1425 using a water shader for 
animating the water mesh 1425 (e.g., a shader for animating 
still water, a shader for animating water waves, a shader for 
animating water ripples, etc.) and textures (e.g., CCIS, user or 
machine generated textures, and/or other types of textures) 
specified for rendering the water mesh 1425 and then returns 
the rendered water mesh 1425 to the scene rendering manager 
1310. In some embodiments, the water shader ignores the 
normals of the water mesh 1425 when the water shader is used 
to render the water mesh 1425. The water shader of some 
embodiments that is used to animate still water (e.g., the 
animated water illustrated in FIG. 1) is a texture shader that 
animates still water using a water texture. 
0151 FIG. 15 conceptually illustrates the rendering 
engine 1300 that renders shorelines for animated 3D satellite 
map views according to Some embodiments of the invention. 
For this example, the scene rendering manager 1310 is ren 
dering the 3D scene 1305 in order to generate the 3D satellite 
map view of the 3D scene 1305. 
0152. As illustrated in FIG. 15, the scene rendering man 
ager 1310 identifies a mesh 1515 in the 3D scene 1305 and 
passes it to the mesh identifier 1320. The mesh identifier 1320 
in this example identifies the mesh 1515 as a shoreline mesh 
1525 and passes it to a shoreline mesh rendering process 1530 
for rendering shoreline meshes. The shoreline mesh render 
ing process 1530 renders the shoreline mesh 1525 using a 
shoreline shader for animating the shoreline mesh 1525 (e.g., 
a shader for animating waves along the shoreline mesh) and 
textures (e.g., CCIS, user or machine generated textures, and/ 
or other types of textures) specified for rendering the shore 
line mesh 1525 and then returns the rendered shoreline mesh 
1525 to the scene rendering manager 1310. In some embodi 
ments, the shoreline shader ignores the normals of the shore 
line mesh 1525 when the shoreline shader is used to render the 
shoreline mesh 1525. 

0153 FIG. 16 conceptually illustrates the rendering 
engine 1300 that renders foliage for animated 3D satellite 
map views according to Some embodiments of the invention. 
In this example, the scene rendering manager 1310 is render 
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ing the 3D scene 1305 in order to generate the 3D satellite 
map view of the 3D scene 1305. 
0154 As illustrated in FIG. 16, the scene rendering man 
ager 1310 identifies a mesh 1615 in the 3D scene 1305 and 
passes it to the mesh identifier 1320. The mesh identifier 1320 
in this example identifies the mesh 1615 as a foliage mesh 
1625 and passes it to a foliage mesh rendering process 1630 
for rendering foliage meshes. The foliage mesh rendering 
process 1630 renders the foliage mesh 1625 using a foliage 
shader for animating the foliage mesh 1625 (e.g., a shader for 
animating still foliage, a shader for animating Swaying foli 
age, etc.) and textures (e.g., 
0155 CCIs, user or machine generated textures, and/or 
other types of textures) specified for rendering the foliage 
mesh 1625 and then returns the rendered foliage mesh 1625 to 
the scene rendering manager 1310. In some embodiments, the 
foliage shader ignores the normals of the foliage mesh 1625 
when the foliage shader is used to render the foliage mesh 
1625. The foliage shader of some embodiments is a texture 
shader that animates still foliage using a foliage texture. In 
Some embodiments, the shader that is used to animate still 
water is also used to animate still foliage. 

III. Electronic System 
0156 Many of the above-described features and applica 
tions 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 indi 
cated 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), electrically 
erasable programmable read-only memories (EEPROMs), 
etc. The computer readable media does not include carrier 
waves and electronic signals passing wirelessly or over wired 
connections. 
0157. In this specification, the term “software' is meant to 
include firmware residing in read-only memory or applica 
tions stored in magnetic storage which can be read into 
memory for processing by a processor. Also, in some embodi 
ments, multiple Software inventions can be implemented as 
Sub-parts of a larger program while remaining distinct soft 
ware 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 specific machine implementa 
tions that execute and perform the operations of the software 
programs. 

A. Mobile Device 

0158. The mapping application of some embodiments 
operate on mobile devices, such as Smart phones (e.g., 
iPhones(R) and tablets (e.g., iPads(R). FIG. 17 is an example 
of an architecture 1700 of such a mobile computing device. 
Examples of mobile computing devices include Smartphones, 
tablets, laptops, etc. As shown, the mobile computing device 
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1700 includes one or more processing units 1705, a memory 
interface 1710 and a peripherals interface 1715. 
0159. The peripherals interface 1715 is coupled to various 
sensors and Subsystems, including a camera Subsystem 1720, 
a wireless communication subsystem(s) 1725, an audio sub 
system 1730, an I/O subsystem 1735, etc. The peripherals 
interface 1715 enables communication between the process 
ing units 1705 and various peripherals. For example, an ori 
entation sensor 1745 (e.g., a gyroscope) and an acceleration 
sensor 1750 (e.g., an accelerometer) is coupled to the periph 
erals interface 1715 to facilitate orientation and acceleration 
functions. 
0160 The camera subsystem 1720 is coupled to one or 
more optical sensors 1740 (e.g., a charged coupled device 
(CCD) optical sensor, a complementary metal-oxide-semi 
conductor 
0161 (CMOS) optical sensor, etc.). The camera sub 
system 1720 coupled with the optical sensors 1740 facilitates 
camera functions, such as image and/or video data capturing. 
The wireless communication subsystem 1725 serves to facili 
tate communication functions. In some embodiments, the 
wireless communication subsystem 1725 includes radio fre 
quency receivers and transmitters, and optical receivers and 
transmitters (not shown in FIG. 17). These receivers and 
transmitters of some embodiments are implemented to oper 
ate over one or more communication networks such as a GSM 
network, a Wi-Fi network, a Bluetooth network, etc. The 
audio subsystem 1730 is coupled to a speaker to output audio 
(e.g., to output Voice navigation instructions). Additionally, 
the audio subsystem 1730 is coupled to a microphone to 
facilitate Voice-enabled functions, such as voice recognition 
(e.g., for searching), digital recording, etc. 
(0162. The I/O subsystem 1735 involves the transfer 
between input/output peripheral devices, such as a display, a 
touchscreen, etc., and the data bus of the processing units 
1705 through the peripherals interface 1715. The I/O sub 
system 1735 includes a touchscreen controller 1755 and other 
input controllers 1760 to facilitate the transfer between input/ 
output peripheral devices and the data bus of the processing 
units 1705. As shown, the touchscreen controller 1755 is 
coupled to a touchscreen 1765. The touchscreen controller 
1755 detects contact and movement on the touchscreen 1765 
using any of multiple touch sensitivity technologies. The 
other input controllers 1760 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. 
0163 The memory interface 1710 is coupled to memory 
1770. In some embodiments, the memory 1770 includes vola 
tile memory (e.g., high-speed random access memory), non 
Volatile memory (e.g., flash memory), a combination of vola 
tile and non-volatile memory, and/or any other type of 
memory. As illustrated in FIG. 17, the memory 1770 stores an 
operating system (OS) 1772. The OS 1772 includes instruc 
tions for handling basic system services and for performing 
hardware dependent tasks. 
0164. The memory 1770 also includes communication 
instructions 1774 to facilitate communicating with one or 
more additional devices; graphical user interface instructions 
1776 to facilitate graphic user interface processing: image 
processing instructions 1778 to facilitate image-related pro 
cessing and functions; input processing instructions 1780 to 
facilitate input-related (e.g., touch input) processes and func 
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tions; audio processing instructions 1782 to facilitate audio 
related processes and functions; and camera instructions 
1784 to facilitate camera-related processes and functions. 
The instructions described above are merely exemplary and 
the memory 1770 includes additional and/or other instruc 
tions 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 application 
as well as other applications. The above-identified instruc 
tions need not be implemented as separate Software programs 
or modules. Various functions of the mobile computing 
device can be implemented in hardware and/or in software, 
including in one or more signal processing and/or application 
specific integrated circuits. 
(0165 While the components illustrated in FIG. 17 are 
shown as separate components, one of ordinary skill in the art 
will recognize that two or more components may be inte 
grated 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 FIG. 17 may be split into 
two or more integrated circuits. 

B. Computer System 

0166 FIG. 18 conceptually illustrates another example of 
an electronic system 1800 with which some embodiments of 
the invention are implemented. The electronic system 1800 
may be a computer (e.g., a desktop computer, personal com 
puter, tablet computer, etc.), phone, PDA, or any other sort of 
electronic or computing device. Such an electronic system 
includes various types of computer readable media and inter 
faces for various other types of computer readable media. 
Electronic system 1800 includes a bus 1805, processing unit 
(s) 1810, a graphics processing unit (GPU) 1815, a system 
memory 1820, a network 1825, a read-only memory 1830, a 
permanent storage device 1835, input devices 1840, and out 
put devices 1845. 
(0167. The bus 1805 collectively represents all system, 
peripheral, and chipset buses that communicatively connect 
the numerous internal devices of the electronic system 1800. 
For instance, the bus 1805 communicatively connects the 
processing unit(s) 1810 with the read-only memory 1830, the 
GPU 1815, the system memory 1820, and the permanent 
storage device 1835. 
0168 From these various memory units, the processing 
unit(s) 1810 retrieves instructions to execute and data to pro 
cess in order to execute the processes of the invention. 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 1815. The GPU 1815 can 
offload various computations or complement the image pro 
cessing provided by the processing unit(s) 1810. In some 
embodiments, such functionality can be provided using Cor 
eImage's kernel shading language. 
(0169. The read-only-memory (ROM) 1830 stores static 
data and instructions that are needed by the processing unit(s) 
1810 and other modules of the electronic system. The perma 
nent storage device 1835, on the other hand, is a read-and 
write memory device. This device is a non-volatile memory 
unit that stores instructions and data even when the electronic 
system 1800 is off. Some embodiments of the invention use a 
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mass-storage device (Such as a magnetic or optical disk and 
its corresponding disk drive, integrated flash memory) as the 
permanent storage device 1835. 
0170. 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 1835, the system memory 1820 
is a read-and-write memory device. However, unlike Storage 
device 1835, the system memory 1820 is a volatile read-and 
write memory, such a random access memory. The system 
memory 1820 stores some of the instructions and data that the 
processor needs at runtime. In some embodiments, the inven 
tions processes are stored in the system memory 1820, the 
permanent storage device 1835, and/or the read-only memory 
1830. From these various memory units, the processing unit 
(s) 1810 retrieves instructions to execute and data to process 
in order to execute the processes of some embodiments. 
0171 The bus 1805 also connects to the input and output 
devices 1840 and 1845. The input devices 1840 enable the 
user to communicate information and select commands to the 
electronic system. The input devices 1840 include alphanu 
meric keyboards and pointing devices (also called "cursor 
control devices'), cameras (e.g., webcams), microphones or 
similar devices for receiving Voice commands, etc. The out 
put devices 1845 display images generated by the electronic 
system or otherwise output data. The output devices 1845 
include printers and display devices, such as cathode ray 
tubes (CRT) or liquid crystal displays (LCD), as well as 
speakers or similar audio output devices. Some embodiments 
include devices such as a touchscreen that function as both 
input and output devices. 
(0172 Finally, as shown in FIG. 18, bus 1805 also couples 
electronic system 1800 to a network 1825 through a network 
adapter (not shown). In this manner, the computer can be a 
part of a network of computers (such as a local area network 
(“LAN”), a wide area network (“WAN”), or an Intranet, or a 
network of networks, such as the Internet. Any or all compo 
nents of electronic system 1800 may be used in conjunction 
with the invention. 

0173 Some embodiments include electronic components, 
Such as microprocessors, storage and memory that store com 
puter program instructions in a machine-readable or com 
puter-readable medium (alternatively referred to as com 
puter-readable storage media, machine-readable media, 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 ver 
satile discs (e.g., DVD-ROM, dual-layer DVD-ROM), a vari 
ety 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(R) discs, ultra den 
sity optical discs, any other optical or magnetic media, and 
floppy disks. The computer-readable media may store a com 
puter 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 com 
piler, and files including higher-level code that are executed 
by a computer, an electronic component, or a microprocessor 
using an interpreter. 
0.174 While the above discussion primarily refers to 
microprocessor or multi-core processors that execute soft 
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ware, some embodiments are performed by one or more inte 
grated 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 embodi 
ments execute Software stored in programmable logic devices 
(PLDs), ROM, or RAM devices. 
0.175. 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 display 
ing means displaying on an electronic device. As used in this 
specification and any 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. 

IV. Map Service Environment 

0176 Various embodiments may operate within a map 
service operating environment. FIG. 19 illustrates a map ser 
Vice operating environment, according to Some embodi 
ments. A map service 1930 (also referred to as mapping 
service) may provide map services for one or more client 
devices 1902a-1902c in communication with the map service 
1930 through various communication methods and protocols. 
A map service 1930 in some embodiments provides map 
information and other map-related data, Such as two-dimen 
sional map image data (e.g., aerial view of roads utilizing 
CCIS), three-dimensional map image data (e.g., traversable 
map with three-dimensional features, such as buildings), 
route and direction calculations (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 the client 
device currently is 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 coun 
tries 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 
1902a-1902c may utilize these map services by obtaining 
map service data. Client devices 1902a-1902c may imple 
ment various techniques to process map service data. Client 
devices 1902a-1902c may then provide map services to vari 
ous entities, including, but not limited to, users, internal Soft 
ware or hardware modules, and/or other systems or devices 
external to the client devices 1902a-1902C. 

0177. In some embodiments, a map service is imple 
mented 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 sys 
tem, 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. 
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0.178 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 number of standard digital 
image representations including, but not limited to, Bitmap 
(..bmp), Graphics Interchange Format (.gif), Joint Photo 
graphic 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, some of which 
are described in examples below. 
0179. In various embodiments, map tiles may be con 
structed 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 resolutionata 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. 
0180 A map service in some embodiments performs vari 
ous techniques to analyze a map tile before encoding the tile 
for transport. This analysis may optimize map service perfor 
mance for both client devices and a map service. In some 
embodiments map tiles are analyzed for complexity, accord 
ing to vector-based graphic techniques, and constructed uti 
lizing 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 associ 
ated 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. 
0181 Other map services generate map service data rely 
ing 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 Divi 
sion Multiple Access 
0182 (CDMA), Radio Resource Control (RRC) position 
protocol, or LTE Positioning Protocol (LPP). Embodiments 
may also receive or request data from client devices identify 
ing device capabilities or attributes (e.g., hardware specifica 
tions or operating system version) or communication capa 
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bilities (e.g., device communication bandwidth as 
determined by wireless signal strength or wired or wireless 
network type). 
0183. A map service may obtain map service data from 
internal or external Sources. For example, CCIS used in map 
image data may be obtained from external services, or inter 
nal systems, storage devices, or nodes. Other examples may 
include, but are not limited to, GPS assistance servers, wire 
less network coverage databases, business or personal direc 
tories, weather data, government information (e.g., construc 
tion 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. 
0.184 Various embodiments of a map service 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 cer 
tain 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. 
0185. A map service, in some embodiments, analyzes cli 
ent device requests to optimize a device or map service opera 
tion. For instance, a map service may recognize that the 
location of a client device is in an area of poor communica 
tions (e.g., weak wireless signal) and send more map service 
data to Supply a client device in the event of loss in commu 
nication or send instructions to utilize different client hard 
ware (e.g., orientation sensors) or Software (e.g., utilize wire 
less 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 opti 
mizes the map image data according to the image's complex 
ity. 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. 
0186 Various embodiments of client devices (e.g., client 
devices 1902a-1902c) are implemented on different portable 
multifunction device types. Client devices 1902a-1902c uti 
lize map service 1930 through various communication meth 
ods and protocols. In some embodiments, client devices 
1902a-1902c obtain map service data from map service 1930. 
Client devices 1902a-1902c request or receive map service 
data. Client devices 1902a-1902c 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. 
0187. 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 accord 
ing to the virtual camera's position, orientation, and field-of 
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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 includ 
ing, but not limited to, auditory input (e.g., spoken words), a 
physical keyboard, mouse, and/or a joystick. 
0188 Some embodiments provide various visual feed 
back to virtual camera manipulations, such as displaying an 
animation of possible virtual camera manipulations when 
transitioning from two-dimensional map views to three-di 
mensional 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. 
0189 In some embodiments, a client device implements a 
navigation system (e.g., turn-by-turn navigation). A naviga 
tion 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 a 
Global Positioning Satellite (GPS) system. A client device 
may display map image data that 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. 
0190. 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 the virtual camera 
to navigation turns simulating the inertial motion of the Vir 
tual camera. 
0191 Client devices implement various techniques to uti 
lize 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 infor 
mation. For instance, a client stores a style sheet which pro 
vides 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 trans 
ferred from a map service. Client devices in different embodi 
ments 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-dimen 
sional map objects to determine the client device communi 
cation 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. In some embodiments, the client devices also 
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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 for certain 
areas. 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. 

0.192 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 loca 
tion 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 Divi 
sion Multiple Access (CDMA), Radio Resource Control 
(RRC) position protocol, or LTE Positioning Protocol (LPP). 
Client devices may also receive GPS signals directly. 
Embodiments may also send data, with or without solicitation 
from a map service, identifying the client device's capabili 
ties 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 wired or wireless network type). 
(0193 FIG. 19 illustrates one possible embodiment of an 
operating environment 1900 for a map service 1930 and client 
devices 1902a-1902c. In some embodiments, devices 1902a, 
1902b, and 1902c communicate over one or more wired or 
wireless networks 1910. For example, wireless network 
1910, such as a cellular network, can communicate with a 
wide area network (WAN) 1920, such as the Internet, by use 
of gateway 1914. A gateway 1914 in some embodiments 
provides a packet oriented mobile data service. Such as Gen 
eral Packet Radio Service (GPRS), or other mobile data ser 
Vice allowing wireless networks to transmit data to other 
networks, such as wide area network 1920. Likewise, access 
device 1912 (e.g., IEEE 802.11g wireless access device) pro 
vides communication access to WAN 1920. Devices 1902a 
and 1902b can be any portable electronic or computing device 
capable of communicating with a map service. Device 1902c 
can be any non-portable electronic or computing device 
capable of communicating with a map service. 
0.194. In some embodiments, both voice and data commu 
nications are established over wireless network 1910 and 
access device 1912. For instance, device 1902a 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 1910, gateway 1914, and WAN 1920 (e.g., 
using Transmission Control Protocol/Internet Protocol (TCP/ 
IP) or User Datagram Protocol (UDP)). Likewise, in some 
implementations, devices 1902b and 1902c can place and 
receive phone calls, send and receive e-mail messages, and 
retrieve electronic documents over access device 1912 and 
WAN 1920. In various embodiments, any of the illustrated 
client devices may communicate with map service 1930 and/ 
or other service(s) 1950 using a persistent connection estab 
lished in accordance with one or more security protocols, 
such as the Secure Sockets Layer (SSL) protocol or the Trans 
port Layer Security (TLS) protocol. 
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(0195 Devices 1902a and 1902b can also establish com 
munications by other means. For example, wireless device 
1902a can communicate with other wireless devices (e.g., 
other devices 1902b, cell phones, etc.) over the wireless net 
work 1910. Likewise devices 1902a and 1902b can establish 
peer-to-peer communications 1940 (e.g., a personal area net 
work) by use of one or more communication Subsystems, 
such as Bluetooth R communication from Bluetooth Special 
Interest Group, Inc. of Kirkland, Washington. Device 1902c 
can also establish peer to peer communications with devices 
1902a or 1902b (not shown). Other communication protocols 
and topologies can also be implemented. Devices 1902a and 
1902b may also receive Global Positioning Satellite (GPS) 
signals from GPS satellites 1960. 
0196. Devices 1902a, 1902b, and 1902c can communicate 
with map service 1930 over one or more wire and/or wireless 
networks, 1910 or 1912. For instance, map service 1930 can 
provide map service data to rendering devices 1902a, 1902b, 
and 1902C. Map service 1930 may also communicate with 
other services 1950 to obtain data to implement map services. 
Map service 1930 and other services 1950 may also receive 
GPS signals from GPS satellites 1960. 
0197) In various embodiments, map service 1930 and/or 
other service(s) 1950 are configured to process search 
requests from any of the client devices. Search requests may 
include but are not limited to queries for businesses, 
addresses, residential locations, points of interest, or some 
combination thereof. Map service 1930 and/or other service 
(s) 1950 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 multi 
function 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 vari 
ous embodiments, the search results that are returned may be 
a Subset of results selected based on specific criteria including 
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). 
0198 In various embodiments, map service 1930 and/or 
other service(s) 1950 are configured to provide auto-com 
plete search results that are displayed on the client device, 
Such 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 multi 
function 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 1930 and/or other service(s) 1950, and/or some 
combination thereof. 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 
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display described herein. For instance, a pin or other graphi 
cal 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 config 
ured 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. 
0199. In various embodiments, map service 1930 and/or 
other service(s) 1950 provide one or more feedback mecha 
nisms to receive feedback from client devices 1902a-1902c. 
For instance, client devices may provide feedback on search 
results to map service 1930 and/or other service(s) 1950 (e.g., 
feedback specifying ratings, reviews, temporary or perma 
nent 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 1930 and/or other 
service(s) 1950 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 1930 and/or other service(s) 
1950 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. 
0200 While the invention has been described with refer 
ence to numerous specific details, one 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 inven 
tion. In addition, FIG. 9 conceptually illustrate a process. The 
specific operations of this process 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 differ 
ent embodiments. Furthermore, the process could be imple 
mented 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. 

1-21. (canceled) 
22. A non-transitory machine-readable medium of a device 

storing a mapping application for generating views of a three 
dimensional (3D) map, the mapping application comprising 
sets of instructions for: 

defining a plurality of geographic objects in a portion of the 
3D map, the geographic objects comprising a set of 
geographic objects that are textured by a set of camera 
captured images (CCI) of a portion of the world that 
corresponds to the portion of the 3D map: 

receiving input; and 
rendering the view of the 3D map portion based on the 

plurality of defined geographic objects by animating, in 
response to the input, wherein in said view at least a first 
geographic object to appear to move with respect to at 
least a second geographic object. 
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23. The non-transitory machine-readable medium of claim 
22, wherein the objects are defined by reference to a plurality 
of vertices in a mesh, wherein the set of instructions for 
animating the first object to appear to move comprises a set of 
instructions moving one set of the vertices used to define the 
first object while not moving another set of vertices used to 
define another object. 

24. The non-transitory machine-readable medium of claim 
22, wherein the first geographic object is a CCI-textured 
geographic object. 

25. The non-transitory machine-readable medium of claim 
22, wherein the first geographic object is not a CCI-textured 
geographic object. 

26. The non-transitory machine-readable medium of claim 
22, wherein the set of instructions for animating the first 
geographic object comprises a set of instructions for applying 
a shader to the first geographic object. 

27. The non-transitory machine-readable medium of claim 
25, wherein the shader is a texture shader. 

28. The non-transitory machine-readable medium of claim 
25, wherein the set of instructions for applying a shader 
comprises a set of instructions for applying different shaders 
to the first geographic object based on different types of 
received input. 

29. The non-transitory machine-readable medium of claim 
22, wherein the set of instructions for defining the plurality of 
geographic objects comprises a set of instructions for access 
ing a map service that provides map data. 

30. The non-transitory machine-readable medium of claim 
22, wherein the set of instructions for receiving input com 
prises a set of instructions for receiving input through a 
motion sensor of a device. 

31. For a mapping application, a device-implemented 
method of generating views of a three dimensional (3D) map. 
the method comprising: 
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defining a plurality of geographic objects in a portion of the 
3D map, the geographic objects comprising a set of 
geographic objects that are textured by a set of camera 
captured images (CCI) of a portion of the world that 
corresponds to the portion of the 3D map: 

receiving input on the device; 
generating the view of the 3D map portion based on the 

plurality of defined geographic objects by animating, in 
response to the input, wherein in said view at least a first 
geographic object to appear to move with respect to at 
least a second geographic object; and 

displaying the view on a display screen of the device. 
32. The method of claim 31, wherein the objects are 

defined by reference to a plurality of vertices in a mesh, 
wherein animating the first object to appear to move com 
prises moving one set of the vertices used to define the first 
object while not moving another set of vertices used to define 
another object. 

33. The method of claim 31, wherein the first geographic 
object is a CCI-textured geographic object. 

34. The method of claim 31, wherein the first geographic 
object is not a CCI-textured geographic object. 

35. The method of claim 31, wherein animating the first 
geographic object comprises applying a shader to the first 
geographic object. 

36. The method of claim 34, wherein applying a shader 
comprises applying different shaders to the first geographic 
object based on different types of received input. 

37. The method of claim 31, wherein defining the plurality 
of geographic objects comprises accessing a map service that 
provides map data. 

38. The method of claim 31, wherein receiving input com 
prises receiving input through a motion sensor of a device. 
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