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BLENDING BETWEEN STREET VIEW AND EARTH VIEW

CROSS-REFERENCE TO RELATED APPLICATIONS
[ooo01] The present application is a continuation, of U.S. Patent Application No.

14/333,678, filed July 17, 2014, the disclosure of which is hereby incorporated herein by

reference.
BACKGROUND
[oo02] Map applications may display street-level and aerial images of various

geographic regions for users to view. In addition to viewing these images, users may be able
to toggle between a street-level image and an aerial image (or vice versa), or view a series of
connected or disconnected street-level images. However, map applications make it difficult
for users to maintain a sense of spatial context and direction when viewing the street-level
images. For instance, when consecutively displaying two or more street-level images
separated by relatively large distances, it may disorient users from spatial awareness of the
geographic region.

BRIEF SUMMARY

[oo03] In one aspect, a method for generating a blended image comprises
determining, by one or more computing devices, a plurality of fragments for a three-
dimensional (3D) model of a geographical location, wherein each fragment of the plurality of
fragments corresponds to a pixel of the blended image and each fragment has a fragment
color from the 3D model. Further, the method comprises determining, by the one or more
computing devices, geospatial location data for each fragment based at least in part on
latitude information, longitude information, and altitude information associated with the 3D
model, and for each fragment of the plurality of fragments, identifying, by the one or more
computing devices, a pixel color and an image based at least in part on the geospatial
location data. Moreover, the method comprises determining, by the one or more computing
devices, a blending ratio based on at least one of a position and an orientation of a virtual
camera, and generating, by the one or more computing devices, the blended image based on
at least the blending ratio, the pixel color, and the fragment color.

[o004] The method is based on technical considerations aimed at making the
technical task of navigating within a map application easier for a user by improving the
user’s spatial awareness within the map application. The method achieves this aim by
providing a technical way of reducing changes in the color of one or more objects displayed
by the map application when the user’s view in the application of these one or more objects

moves back and forth between street-level view and an aerial view.



WO 2016/010784 PCT/US2015/039514

[o005] In another aspect, a system comprises a memory and one or more computing
devices, each of the one or more computing devices having one or more processors, the one
or more computing devices being coupled to the memory. The one or more computing
devices are configured to determine a plurality of fragments for a three-dimensional (3D)
model of a geographical location. Each fragment of the plurality of fragments corresponds to
a pixel of a blended image and each fragment has a fragment color from the 3D model.
Further, the one or more computing devices are configured to determine geospatial location
data for each fragment based at least in part on latitude information, longitude information,
and altitude information associated with the 3D model. For each fragment of the plurality of
fragments, the one or more computing devices are configured to identify a pixel color and an
image based at least in part on the geospatial location data, determine a blending ratio based
on at least one of a position and an orientation of a virtual camera, and generate the blended
image based on at least the blending ratio, the pixel color, and the fragment color.

[0006] The system is based on technical considerations aimed at making the
technical task of navigating within a map application easier for a user by improving the
user’s spatial awareness within the map application. The system achieves this aim by
minimizing changes in the color of one or more objects displayed by the map application
when the user’s view in the application of these one or more objects moves back and forth
between street-level view and an aerial view.

[oo07] In yet another aspect, a non-transitory, tangible computer-readable medium
on which instructions are stored, the instructions, when executed by one or more computing
devices perform a method for generating a blended image, the method comprises
determining a plurality of fragments for a three-dimensional (3D) model of a geographical
location, wherein each fragment of the plurality of fragments corresponds to a pixel of the
blended image and each fragment has a fragment color from the 3D model. Further, the
method comprises determining geospatial location data for each fragment based at least in
part on latitude information, longitude information, and altitude information associated with
the 3D model, and for each fragment of the plurality of fragments, identifying a pixel color
and an image based at least in part on the geospatial location data. Moreover, the method
comprises determining a blending ratio based on at least one of a position and an orientation
of a virtual camera, and generating the blended image based on at least the blending ratio,
the pixel color, and the fragment color.

BRIEF DESCRIPTION OF THE DRAWINGS

[o008] FIGURE 1 is a functional diagram of a system in accordance with aspects of

the disclosure.
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[o009] FIGURE 2 is a pictorial diagram of an example system in accordance with
aspects of the disclosure.
[o010] FIGURE 3 is an example transition from one image to a second image in a
three-dimensional model in accordance with aspects of the disclosure.
[o011] FIGURE 4 is an example of a relationship between a virtual camera, an image,
and a three-dimensional model in accordance with aspect of the disclosure.
[o012] FIGURE 5A is an example illustration of pixels associated with an image in
accordance with aspects of the disclosure.
[0013] FIGURE 5B is an example illustration of pixel projection based on a position
and an orientation of a virtual camera in accordance with aspects of the disclosure.
[o014] FIGURE 6 is an example illustration of pixel projection and blending in
accordance with aspects of the disclosure.
[0o015] FIGURE 7 is an example illustration of pixel projection and blending from
another position and orientation of a virtual camera in accordance with aspects of the
disclosure.
[0016] FIGURE 8 is an example flow diagram in accordance with aspects of the
disclosure.
DETAILED DESCRIPTION

Overview
[0017] The present disclosure is directed to transitions between street-level images
and 3D models of the same area. A transition may include changing from street-level
imagery in one location to a 3D model view, and to street-level imagery in a second location.
For example, a user may want to view on a client computing device a series of street-level
images on a client computing device (e.g., smartphone, tablet, computer), each of which may
be separated by various distances. In order to maintain a sense of spatial context and
direction, the client computing device may transition the display of one street-level image to
another street-level image via an intermediate aerial view of the 3D model that provides
spatial context to both images. In this regard, the user has the feeling that a virtual camera is
moving up and away from one street level image into an aerial view and then subsequently
moving down and into a second street level image as if the user has "jumped” between the
images.
[0018] As one example, street-level images and 3D models may be provided to a
client by one or more server computing devices. A street-level image may be an image of
geographic objects, people and/or objects that were captured by a camera at an angle
generally perpendicular to the ground. A 3D model may include may include information

such as textures, shapes, colors, etc. of features within the model. The client computing
_3_
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device may prefetch the 3D model and associated information from the one or more server
computing devices.

[oo019] In order to create a transition between two street level images, each street-
level image may be blended with the 3D model for a series of positions of a virtual camera to
form a blended image. When strung together, the different blended images may be displayed
or provided for display on the client computing device as an animation of the transition
between two street level images.

[o020] For a given position of the virtual camera, in order to blend a street-level
image with a 3D model of the depicted area, the 3D model may be rasterized into individual
fragments. Each fragment may have a fragment color derived from the 3D model.
Moreover, each fragment may correspond to a pixel on the client computing device's display.
Using a programmable graphics processing unit (GPU) of the client computing device,
geospatial location data (latitude, longitude, altitude) may be determined for each fragment.
In that regard, the geospatial location data may be used to identify a particular color that a
street-level image projects onto each fragment form the given position of the virtual camera.
Once respective colors are identified, the client computing device may then blend those
colors projected from the image with the associated fragment colors from the 3D model. Any
reference to "pixel” in the present disclosure refers to the pixels of an image, e.g., a street-
level image. Further, any reference to "fragment” in the present disclosure refers to the
fragments of a 3D model.

[0021] For each given position of the virtual camera, a blending ratio may be
determined. Each blending ratio may be based on the virtual camera's position relative to
the image within the 3D model. The blending ratio may signify how much color derived
from the image there may be compared to a color of the corresponding fragment. For
example, if the position of the virtual camera and the street-level image are coincident, the
color of the fragment may be entirely derived from the street-level image. As the position of
the virtual camera moves away from the image, the blending ratio may be adjusted toward
that of the 3D model. In another example, the blending ratio may further depend on
distortion of color projection from the image onto the fragment. For instance, if the position
of the virtual camera, the fragment, and the image are such that the projections are highly
distorted, the blending ratio may be adjusted to increase the color of the associated
fragment.

[o022] The blending ratios are then used to blend the colors corresponding to the
street-level image and the fragments of the 3D model in order to generate a blended image
for each given position of the virtual camera. In this regard, each fragment may be assigned

a color using the blending ratio in order to generate a blended image. Again each blended
_4_
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image corresponds to a different location of the virtual camera. The final blended images
may be displayed on the client computing device in series following the positions of the
virtual camera as an animation.
[o023] The above-described features provide a user a sense of spatial context when
animating from one street-level image to another street-level image by displaying an
intermediate aerial view of the area surrounding both images. Moreover, the technology
reduces visual distortion of the transition between street-level and aerial views (and vice
versa) based on a 3D aerial model as well as geospatial location and geometric data. The
method thereby makes the technical task of navigating within a map application easier for a
user. A further advantage is that the technology may be implemented on a client computing
device.

Example Systems
[o024] FIGURES 1 and 2 illustrate one possible system 100 in which the aspects
disclosed herein may be implemented. In FIGURE 1, system 100 includes client computing
devices 110, 130 and 160. As shown, the one or more client computing devices 110 may
contain one or more processors 112, a memory 114, a display 120 and other components
typically present in general purpose computing devices.
[o025] Although FIGURE 1 functionally represents each of the processor 112 and
memory 114 as a single block within the one or more client computing device 110, which is
also represented as a single block, the system may include and the methods described herein
may involve multiple processors, memories and devices that may or may not be stored
within the same physical housing. For instance, various examples and methods described
below as involving a single component (e.g., one or more processors 112) may involve a
plurality of components (e.g., multiple computing devices distributed over a network of
computing devices, computers, “racks,” etc. as part of a parallel or distributed
implementation; further, the various functions performed by the embodiments may be
executed by different computing devices at different times as load is shifted from among
computing devices). Similarly, various examples and methods described below as involving
different components (e.g., client computing devices 110, 130 and 160) may involve a single
component (e.g., rather than client computing device 130 performing a determination
described below, client computing device 130 may send the relevant data to the one or more
client computing devices 110 for processing and receive the results of the determination for
further processing or display).
[0026] Memory 114 of the one or more client computing devices 110 may store
information accessible by the one or more processors 112, including instructions 116 that

may be executed by the processor(s). Memory 114 may also include data 118 that may be
_5_
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retrieved, manipulated or stored by the one or more processors 112. Memory 114 and the
other memories described herein may be any type of storage capable of storing information
accessible by the relevant processor, such as a hard-disk drive, a solid state drive, a memory
card, RAM, ROM, DVD, write-capable memory or read-only memories. In addition, the
memory may include a distributed storage system where data, such as data 118, is stored on a
plurality of different storage devices which may be physically located at the same or different
geographic locations.

[oo027] The instructions 116 may be any set of instructions to be executed by the one
or more processors 112 or other computing devices. In that regard, the terms "instructions,”

nn

"application,” "steps” and "programs" may be used interchangeably herein. The instructions
may be stored in object code format for immediate processing by a processor, or in another
computing device language including scripts or collections of independent source code
modules, that are interpreted on demand or compiled in advance. Functions, methods and
routines of the instructions are explained in more detail below. The one or more processors
112 may each be any conventional processor, such as a commercially available central
processing unit ("CPU") or a graphics processing unit ("GPU"). Alternatively, the processors
may be a dedicated component such as an application-specific integrated circuit ("ASIC™), a
field programmable gate array ("FPGA"), or other hardware-based processor.

[0028] Data 118 may be retrieved, stored or modified by the one or more client
computing devices 110 in accordance with the instructions 116. For instance, although the
subject matter described herein is not limited by any particular data structure, the data may
be stored in computer registers, in a relational database as a table having many different
fields and records, or XML documents. The data may also be formatted in any computing
device-readable format such as, but not limited to, binary values, ASCII or Unicode.
Moreover, the data may comprise any information sufficient to identify the relevant
information, such as numbers, descriptive text, proprietary codes, pointers, references to
data stored in other memories such as at other network locations, or information that is used
by a function to calculate the relevant data. As discussed in more detail below with regard to
FIGURES 3-6, data 118 may comprise, for example, at least turn-by-turn directions, road
segments, waypoints, panoramic images associated with various road segments, filtering
parameters, etc.

[0o029] Display 120 and other displays described herein may be any type of display,
such as a monitor having a screen, a touch-screen, a projector, or a television. The display
120 of the one or more computing devices 110 may electronically display information to a
user via a graphical user interface ("GUI") or other types of user interfaces. For example, as

will be discussed below, display 120 may electronically display a web browser including a
-6-
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map interface with turn-by-turn directions between two geographic locations, corresponding
road segments, and waypoints.

[o030] In addition, the client computing devices 110, 130 and 160 may be at one node
of a network 170 and capable of directly and indirectly communicating with other nodes of
network 170, such as one or more server computing devices 140 and a storage system 150.
Although only a few computing devices are depicted in FIGURE 1, a typical system may
include a large number of connected computing devices, with each different computing
device being at a different node of the network 170. The network 170 and intervening nodes
described herein may be interconnected using various protocols and systems, such that the
network may be part of the Internet, World Wide Web, specific intranets, wide area
networks, or local networks. The network may utilize standard communications protocols,
such as Ethernet, Wi-Fi and HTTP, protocols that are proprietary to one or more companies,
and various combinations thereof. Although certain advantages are obtained when
information is transmitted or received as noted above, other aspects of the subject matter
described herein are not limited to any particular manner of transmission of information.
[o031] As an example, one or more server computing devices 140 may be a web
server that is capable of communicating with the one or more client computing devices 110
via the network 170. As discussed in more detail below with regard to FIGURE 2, the client
computing devices 110, 130 and 160 may be client computing devices or other user devices,
and the one or more server computing devices 140 may provide information for display by
using network 170 to transmit and present information to a user of the client computing
devices 110, 130 and 160.

[0032] As another example, storage system 150 may store various images. For
example, the images may be street level panoramic images, photographs, pictures, etc. An
example of a street-level image is an image of geographic objects, people and/or objects that
were captured by a camera at an angle generally perpendicular to the ground, or where the
camera is positioned at or near the ground level. Thus, the street level image may represent
various geographic objects, such as buildings, a sidewalk, streets, vehicles, people, street
lights, signs, advertisements, trees, sculptures, bodies of water, storefronts, landmarks, etc.
[o033] Some of the images stored in storage system 150 may also be associated with
information indicating the orientation of the image. For example, if a street-level image is a
typical photograph, the orientation may simply be the camera angle. If a street-level image is
a 360° panoramic image, such as a 360° panorama centered at the geographic location
associated with the image, the orientation may indicate that portion of the image that
corresponds with looking due north from the camera position at an angle directly parallel to

the ground. Further, the above-described images may also include metadata, which may
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include the geographic location of the image (e.g., GPS coordinates), time of day or time of
year, orientation of the device (e.g., angle, pitch, roll and/or compass point), accelerometer
information, accuracy of the GPS location, GPS location statistics (e.g., urban vs. rural vs.
wilderness), etc.

[0034] The storage system 150 may also store 3D models of various geographical
areas. For example, a 3D model may be a computer-generated mathematical representation
of a particular geographical area. The 3D model may be provided for display as a two-
dimensional image via 3D rendering or may be used in computer simulation. The 3D model
may be also generated manually or automatically via 3D modeling software. Moreover, the
3D model may exhibit various textures, shapes, colors, etc. of the modeled features.

[o035] The storage system 150 may further store geospatial location associated with
the 3D models and fragments thereof. The geospatial location data may be used to
determine which fragments of the 3D model correspond to which pixels of a street-level
image. The geospatial location data includes at least latitude, longitude, and altitude
information corresponding to the 3D model of a geographical location.

[o036] As with memory 114, storage system 150 can be of any type of computerized
storage capable of storing information accessible by the one or more server computing
devices 140, such as hard-drive, memory card, ROM, RAM, DVD, CD-ROM, write-cable, and
read-only memories. Moreover, storage system 150 may include a distributed storage
system where data is stored on a plurality of different storage devices that may be physically
located at the same or different geographic locations. Storage System 150 may be connected
to the client computing devices via the network 170 as shown in Figure 1 and/or may be
directly connected to or incorporated into any of the client computing devices, e.g., 110, 130
and 160 (not shown). In that regard, data 118 stored in memory 114 may be retrieved from
storage system 150.

[o037] The one or more client computing devices 110 may be a personal computing
device 210, such as a laptop, intended for use by a user 216 (shown in FIGURE 2). The
personal computing device 210 may have all of the components normally used in connection
with a personal computing device such as a CPU or GPU, memory storing data and
instructions, a display such as display 212 (e.g., a monitor having a screen, a touch-screen, a
projector, a television, or other device that is operable to display information), and user
input device 214 (e.g., a mouse, keyboard, touch-screen, microphone, etc.). In addition, the
personal computing device 210 may also include components (not shown) for determining
its position and orientation. For example, these components may include a GPS receiver to
determine the device's latitude, longitude and/or altitude as well as an accelerometer,

gyroscope or other similar devices.
-8-
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[0o038] In another example, client computing device 130 may include a wearable
computing device 230, such as a head-mounted computing system intended for use by a user
232, or a computing bracelet, computing ring, computing watch, etc. In a further example,
client computing device 160 may include a mobile computing device 260 intended for use by
a user 262 and capable of wirelessly exchanging data with a server over a network such as the
Internet. By way of example only, mobile computing device 260 may be a mobile phone or a
device such as a wireless-enabled PDA, a tablet PC, or a netbook that is capable of obtaining
information via the internet.
[o039] The client computing devices may be configured to operate with an operating
system. In that regard, some of the instructions executed during the operations described
herein may be provided by the operating system whereas other instructions may be provided
by an application installed on the device. The client computing devices 110, 130 and 160,
shown in FIGURES 1 and 2, and other computing devices in accordance with the systems
and methods described herein may include other devices capable of processing instructions
and transmitting data to and from humans and/or other computers including network
computers lacking local storage capability and set top boxes for televisions.

Example Methods
[oo40] In addition to the operations described above and illustrated in the figures,
various operations will now be described. The following operations do not have to be
performed in the precise order described below. Rather, various steps can be handled in a
different order or simultaneously, and steps may also be added or omitted.
[o041] FIGURE 3 illustrates an example transition from a first street-level image to a
second street-level image via a 3D model 300. For example, the 3D model 300 may include
at least two different areas 302 and 310. A gap 364 between areas 302 and 310 represents
that the two locations may be separated by some distance, e.g., one or more blocks, one or
more miles. The gap 364 may be of any size. For instance, the 3D model may encompass the
entire planet, e.g., a transition between an image in New York and an image in Japan. As
shown, area 302 may include buildings 312, 314, 316 and 318. Further, area 310 may include
buildings 320, 322, 324, 326, 328 and 330. The areas 302 and 310 may also include
numerous parks and picnic areas, as illustrated.
[0042] Locations within the 3D model 300 may be associated with a plurality of
images, such as street-level images. These images may be available for display when
requested by a user via a client computing device, such as personal computing device 210,
wearable computing device 230, or mobile computing device 260. For example, a user may
request to view one or more images from a position 332 within area 302. The images

associated with the position 332 may be a plurality of street-level images, e.g., panoramic
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images, stitched together in a generally dome-shaped or spherically-shaped configuration.
In that regard, the user may be able to seamlessly view all the street-level images from
position 332 by rotating 360 degrees. Similarly, a plurality of street-level images may also be
stitched together in a generally dome-shaped configuration to provide the user a 360 degree
view at position 342.

[o043] In one instance, a user may request to transition from one street-level image
to another street-level image that is some distance away. By way of example only, a street-
level image 340 may be provided for display on a client computing device. From a position
332, the street-level image 340 may capture some portions of building 316 and all of building
318. Subsequently, the user may request to transition from the street-level image 340 to
another street-level image. The next street-level image may be within the same area, or may
be in a different. For instance, a transition from street-level image 340 to a street-level
image 350 at position 342 in area 310 may be generated.

[oo44] In order to display a transition from one street-level image to a second street-
level image, one or more computing devices may render an intermediate aerial view of a 3D
model to give a user viewing the transition a feeling that the user has "jumped” between the
images. The 3D model may be provided for display as a two-dimensional image via 3D
rendering. As an example, the 3D model 300 may be used to provide an aerial view during a
path of transition 360 between street-level image 340 at position 332 and street-level image
350 at position 342. During the transition 360, a virtual camera may motion about positions
along the path, ascend from its initial placement at position 332 up to an apex 362 of a path
of transition 360 in the 3D model 300 and descend to position 342 in street-level image 350.
For instance, a display screen of a client computing device may be analogous to a film of the
camera. In other words, the virtual camera may define the mathematical transformation
that converts 3D data associated with the 3D model into images on the display screen. Thus,
from the viewpoint of the virtual camera, the user has the feeling that the virtual camera is
moving up and away from street level image 340 into an aerial view of the 3D model and
then subsequently moving down and into a street level image 350 as if the user has jumped
between the images.

[oo45] A path of a transition from one street-level image to a second street-level
image may vary depending on at least the distance between the images. For example, if the
street-level images 340 and 350 are spaced further apart, the path of transition 360 may
arch higher relative to the 3D model 300. Thus, the higher arch may give a user better
spatial awareness and direction between the two street-level images.

[0046] When rendering a transition from one street-level image to another street-

level image through an aerial view of the 3D model, a series of blended images corresponding
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to various points along the path of transition corresponding to locations of the virtual camera
may be strung together and provided for display. Thus, for each position, e.g., (%, y, z) and
orientation of the virtual camera along the path of transition 362 relative to the 3D model
300, a blended image may be generated. In some instances, only a particular set of positions
and orientations of the virtual camera may be used during the transition. In other instances,
the blended images may be taken at intervaled points along the path of transition to generate
the rendering of the transition. In this regard, hardware resources in the client computing
device configured to display the transition may be conserved.

[0047] To generate a blended image for a given position and orientation of the virtual
camera, the 3D model 300 may be rasterized into fragments that correspond to the pixels of
a display of a client computing device. In this regard, the position and orientation of the
virtual camera relative to the 3D model may be used to "project” the 3D model 300 onto the
pixels of the display. Thus, each fragment is associated with color and geographic location
information from the 3D model.

[0048] FIGURE 4 is an example of a relationship between a virtual camera 410 at
position and orientation 412, 3D model 300, and street-level image 340. As shown, the 3D
model 402 includes at least fragments 430, 440, 450 and 460 that correspond to pixels of a
display of a client computing device given the position and orientation 412 of the virtual
camera 410. The location information for each fragment, or pixel, may be determined from
the projection. For example, fragments 430, 440, 450, and 460 may be associated with
different geographic coordinates having respective latitude, longitude, and altitude
information.

[o049] Using the location information for each fragment, the position and
orientation of virtual camera 410, and/or the geographic location information of a street-
level image closest to the position of the virtual camera, one or more computing devices may
determine which pixels of the street-level image correspond to the locations of the
fragments. This may be used to identify a color of the street-level image corresponding to
each fragment. In FIGURE 4, the virtual camera 410 may be facing street-level image 34o0.
As such, the virtual camera 410 is oriented in a manner such that the pixels of street-level
image 340 project onto fragments 430, 440, 450, and 460 as well as other adjacent
fragments. Thus, each fragment may also be associated with a color of the pixels of the
street-level image 340.

[o050] FIGURE 5A is an example illustration of the pixels associated with a
displayable image, such as street-level image 340. As shown, the street-level image 340 may
have a particular length and a particular width. For example, the street-level image 340 may

be a panoramic image. Moreover, the image 340 may pictorially be represented by a
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plurality of grid cells 510, where each grid cell represents an individual pixel of the image,
such as pixel 512. The pixel 512, as well as the other pixels of image 340, may be associated
with certain colors. As noted above, the colors may be associated with the fragments and
blended with the corresponding color from the 3D model.

[o051] FIGURE 5B is an example illustration of pixel projection based on a position
and an orientation of virtual camera 410. For example, the street-level image 340 may be
one of a plurality of street-level images stitched together in a generally dome-shaped
configuration such that a user may be to view all the images by rotating 360 degrees given a
particular position and orientation of the virtual camera 410. As shown, the street-level
image 340 may be slightly curved. Further, the virtual camera 410 may be positioned to face
street-level image 340 and also tilted upward with lines-of-sight 520, 530, 540 and 550
intersecting various pixels of street-level image 340. In one aspect, the lines-of-sight 520
and 550 may represent the boundaries of the virtual camera 410's field of view.

[0052] FIGURE 6 is an example illustration of pixel projection onto fragments from a
3D model. As shown, the pixel projection example of FIGURE 5B may be applied to a 3D
model of building 318. For example, when the lines-of-sight 520, 530, 540, and 550 from the
virtual camera 410 are fully extended, they may align with various fragments of the 3D model
of building 318. In one instance, the lines-of-sight 520, 530, 540, and 550 align with at least
fragments 420, 430, 440, 450, and 460, respectively. Using the geospatial location data
(e.g., latitude, longitude, altitude) of the fragments and alignment information from the
position and orientation of the virtual camera 410, the four darkened pixels of street-level
image 340 are projected onto the fragments 420, 430, 440, 450, and 460 of the 3D model of
building 318.

[o053] A blending ratio between the colors associated with the fragments may be
determined based on the position and orientation of the virtual camera 410. In this example,
a significant amount of color from street-level image may be blended into fragments 430,
440, 450 and 460 due to the virtual camera 410's generally perpendicular alignment with the
street-level image 340. Once the colors are blended according to a blending ratio, a final
blended image of the 3D model may be provided for display to the user. In this regard, a
blended image may be generated for each position of the virtual camera 410 along the path of
transition.

[o054] The blending of the colors of the pixels and corresponding fragments may be
based on a blending ratio. The blending ratio may represent the relationship between the
amount of color derived from the street-level image and color derived from the 3D model.
The quantitative relationship of the colors may depend on the position, orientation, distance,

and line-of-sight of the virtual camera relative to a street-level image.
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[0055] A line-of-sight from a virtual camera may intersect a pixel at a particular
angle. This angle of intersection may at least in part determine the blending ratio at the
corresponding fragments. For example, the lines-of-sight 520, 530, 540, and 550 from
virtual camera 410 are generally perpendicular to the pixels that are being projected. Due to
this generally orthogonal alignment and the close proximity of the virtual camera 410's
position and orientation relative to the street-level image, the blending ratio may favor the
colors from the street-level image 340. Thus, depending on the virtual camera 410's
position, orientation, alignment of line-of-sight, and/or distance from the street-level image
340, the colors of the blending ratio that may be favored will vary.

[0056] FIGURE 7 is an example illustration of pixel projection and blending from a
different position and orientation of the virtual camera 410. This example depicts the latter
half of the path of transition 360 depicted in FIGURE 3. Similar to area 302, the area 310
includes 3D models of the buildings 320, 322, 324, 326, 328, 330, trees, picnic tables,
streets, etc. The area 302 may also be rasterized into fragments that correspond to the pixels
of a display of a client computing device. As shown, the virtual camera 410 is descending
from the apex 362 (not shown) of the path of the transition 360 to position 342 in order to
complete the transition.

[0057] From the position, orientation, and distance of the virtual camera 410 as
depicted in FIGURE 7, the lines-of-sight extend and intersect the street-level image 350 at
various angles. For example, line-of-sight 720 intersects the street-level image 350 at a
generally non-perpendicular, almost tangential, angle relative to a surface of street-level
image 350. Further, a large distance separates the virtual camera 410 and the street-level
image 350. Based on the position, orientation, distance, and the alignment of the lines-of-
sight of the virtual camera 410 relative to the street-level image 350, the blending ratio may
favor the colors from the fragments of the 3D model 300 of area 310. In this regard, the
amount of color from a fragment of the 3D model 300 may increase as the virtual camera
410 becomes less coincident with the street-level image 350.

[0058] FIGURE 8 is an example flow diagram 800 for generating a blended image.
By way of the example depicted in FIG. 1 only, at block 810, one or more computing devices,
e.g., client computing device 110, may determine a plurality of fragments for a 3D model of a
geographical location stored in memory, e.g., memory 114, memory 144, storage system 150.
Each fragment of the plurality of fragments may correspond to a pixel of the blended image
and each fragment may have a fragment color. At block 820, the one or more computing
devices 110 may determine geospatial location data for each fragment based at least in part

on latitude information, longitude information, and altitude information associated with the
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3D model. Using the geospatial location data, pixel color corresponding to each fragment
may be identified.

[0o059] Thus, at block 830, for each fragment of the plurality of fragments, the one or
more computing devices 110 may identify a pixel color and an image based at least in part on
the geospatial location data at block 830. The identified pixel color corresponding to each
fragment may be mixed with the respective fragment color based on a blending ratio.
Further, as noted above, the image may be a street-level image stored in memory that is
associated with the 3D model. At block 840, the one or more computing devices 110 may
determine the blending ratio. As noted above, the blending ratio may be a ratio of a quantity
of the pixel color and a quantity of the fragment color. The blending ratio may depend on the
position, orientation, distance, etc. of a virtual camera relative to a street-level image within
the 3D model .

[o060] At block 850, the one or more computing devices 110 may generate the
blended image based on at least the blending ratio, the pixel color, and the fragment color.
The blended image may be provided for display on a separate display device, or on the one or
more client computing devices 110, or other client computing devices such as client
computing device 130 and client computing device 160 of network 170. Further, when a
request to transition from the image at block 830 to another image is received, the one or
more computing devices 110 may generate a series of blended images along a particular path
of the transition between the two images. The blended images may be part of an animation
and may also be stored in memory.

[0061] Unless otherwise stated, the foregoing alternative examples are not mutually
exclusive, but may be implemented in various combinations to achieve unique advantages.
As these and other variations and combinations of the features discussed above can be
utilized without departing from the subject matter defined by the claims, the foregoing
description of the embodiments should be taken by way of illustration rather than by way of
limitation of the subject matter defined by the claims. In addition, the provision of the
examples described herein, as well as clauses phrased as "such as,” "including" and the like,
should not be interpreted as limiting the subject matter of the claims to the specific
examples; rather, the examples are intended to illustrate only one of many possible
embodiments. Further, the same reference numbers in different drawings can identify the
same or similar elements.

INDUSTRIAL APPLICABILITY

[o062] The present disclosure can be used to provide transitions between street-level

images and 3D models of the same area where such transitions provide a user with a sense of
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spatial context, thereby making the technical task of navigating within a map application

easier for the user.
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CLAIMS

1. A method for generating a blended image comprising:

determining, by one or more computing devices, a plurality of fragments for a three-
dimensional (3D) model of a geographical location, wherein each fragment of the plurality of
fragments corresponds to a pixel of the blended image and each fragment has a fragment
color from the 3D model;

determining, by the one or more computing devices, geospatial location data for each
fragment based at least in part on latitude information, longitude information, and altitude
information associated with the 3D model;

for each fragment of the plurality of fragments, identifying, by the one or more
computing devices, a pixel color and an image based at least in part on the geospatial
location data;

determining, by the one or more computing devices, a blending ratio based on at least
one of a position and an orientation of a virtual camera; and

generating, by the one or more computing devices, the blended image based on at

least the blending ratio, the pixel color, and the fragment color.

2, The method of claim 1, further comprising providing for display, by the one or more

computing devices, the blended image.

3. The method of claims 1 or 2, wherein the blending ratio is based on at least one of the

position and the orientation of the virtual camera relative to the image.

4. The method of any preceding claim, wherein the pixel of the blended image

corresponds to a pixel of a display.

5. The method of any preceding claim, wherein the blending ratio is a ratio of a quantity

of the pixel color to a quantity of the fragment color.

6. The method of any preceding claim, wherein the quantity of the pixel color increases

as at least one of the position and the orientation of the virtual camera aligns with the image.

7. The method of any preceding claim, wherein the quantity of the fragment color
increases as the virtual camera moves away from the image or as at least one of the position

and the orientation of the virtual camera misaligns with the image.
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8. The method of any preceding claim, further comprising receiving, by the one or more

computing devices, a request to transition from the image to another image.

9. The method of any preceding claim, further comprising providing for display, by the
one or more computing devices, a series of blended images corresponding to a path of the

transition from the image to another image.

10. A system comprising:
a memory;
one or more computing devices, each of the one or more computing devices having
one or more processors, the one or more computing devices being coupled to the memory;
wherein the one or more computing devices are configured to perform the method of

any one of claims 1to 9.

11. A non-transitory, tangible computer-readable medium on which instructions are
stored, the instructions, when executed by one or more computing devices, perform a
method for generating a blended image, the method comprising the method of any one of

claims 1to 9.

12. A method for generating a blended image comprising:

determining, by one or more computing devices, a plurality of fragments for a three-
dimensional (3D) model of a geographical location, wherein each fragment of the plurality of
fragments corresponds to a pixel of the blended image and each fragment has a fragment
color from the 3D model;

determining, by the one or more computing devices, geospatial location data for each
fragment based at least in part on latitude information, longitude information, and altitude
information associated with the 3D model;

for each fragment of the plurality of fragments, identifying, by the one or more
computing devices, a pixel color and an image based at least in part on the geospatial
location data;

determining, by the one or more computing devices, a blending ratio based on at least
one of a position and an orientation of a virtual camera; and

generating, by the one or more computing devices, the blended image based on at

least the blending ratio, the pixel color, and the fragment color.
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13. The method of claim 12, further comprising providing for display, by the one or more

computing devices, the blended image.

14. The method of claim 12, wherein the blending ratio is based on at least one of the

position and the orientation of the virtual camera relative to the image.

15. The method of claim 12, wherein the pixel of the blended image corresponds to a
pixel of a display.
16. The method of claim 14, wherein the blending ratio is a ratio of a quantity of the pixel

color to a quantity of the fragment color.

17. The method of claim 16, wherein the quantity of the pixel color increases as at least

one of the position and the orientation of the virtual camera aligns with the image.

18. The method of claim 16, wherein the quantity of the fragment color increases as the
virtual camera moves away from the image or as at least one of the position and the

orientation of the virtual camera misaligns with the image.

19. The method of claim 12, further comprising receiving, by the one or more computing

devices, a request to transition from the image to another image.

20. The method of claim 19, further comprising providing for display, by the one or more
computing devices, a series of blended images corresponding to a path of the transition from

the image to another image.

21. A system comprising:
a memory;
one or more computing devices, each of the one or more computing devices having
one or more processors, the one or more computing devices being coupled to the memory;
wherein the one or more computing devices are configured to:
determine a plurality of fragments for a three-dimensional (3D) model of a
geographical location, wherein each fragment of the plurality of fragments corresponds to a

pixel of a blended image and each fragment has a fragment color from the 3D model;
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determine geospatial location data for each fragment based at least in part on
latitude information, longitude information, and altitude information associated with the 3D
model;

for each fragment of the plurality of fragments, identify a pixel color and an
image based at least in part on the geospatial location data;

determine a blending ratio is based on at least one of a position and an
orientation of a virtual camera; and

generate the blended image based on at least the blending ratio, the pixel

color, and the fragment color.

22,  The system of claim 21, wherein the one or more computing devices are further

configured to provide for display the blended image.

23.  The system of claim 21, wherein the blending ratio is based on at least one of the

position and the orientation of the virtual camera relative to the image.

24.  The system of claim 21, wherein the pixel of the blended image corresponds to a pixel
of a display.
25. The system of claim 23, wherein the blending ratio is a ratio of a quantity of the pixel

color to a quantity of the fragment color.

26.  The system of claim 25, wherein the quantity of the pixel color increases as at least

one of the position and the orientation of the virtual camera aligns with the image.

27. The system of claim 25, wherein the quantity of the fragment color increases as the
virtual camera moves away from the image or as at least one of the position and the

orientation of the virtual camera misaligns with the image.

28.  The system of claim 21, wherein the one or more computing devices are further

configured to receive a request to transition from the image to another image.

29.  The system of claim 28, wherein the one or more computing devices are further
configured to provide for display a series of blended images corresponding to a path of the

transition from the image to another image.
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30. A non-transitory, tangible computer-readable medium on which instructions are
stored, the instructions, when executed by one or more computing devices perform a method
for generating a blended image, the method comprising:

determining a plurality of fragments for a three-dimensional (3D) model of a
geographical location, wherein each fragment of the plurality of fragments corresponds to a
pixel of the blended image and each fragment has a fragment color from the 3D model;

determining geospatial location data for each fragment based at least in part on
latitude information, longitude information, and altitude information associated with the 3D
model;

for each fragment of the plurality of fragments, identifying a pixel color and an image
based at least in part on the geospatial location data;

determining a blending ratio based on at least one of a position and an orientation of
a virtual camera; and

generating the blended image based on at least the blending ratio, the pixel color, and

the fragment color.

31. The non-transitory, tangible computer-readable medium of claim 30, the method

further comprising providing for display the blended image.
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