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(57) ABSTRACT 

This invention relates to anchored navigation in a three 
dimensional environment on a mobile device. In an embodi 
ment, a computer-implemented method navigates a virtual 
camera in a three dimensional environment on a mobile 
device having a touch screen. A first user input is received 
indicating that a first object is approximately stationary on a 
touch screen of the mobile device. A second user input is 
received indicating that a second object has moved on the 
touch screen. An orientation of the virtual camera of the 
virtual camera is changed according to the second user input. 
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ANCHORED NAVIGATION IN A THREE 
DIMIENSIONAL ENVIRONMENT ON A 

MOBILE DEVICE 

0001. This application claims the benefit of U.S. Provi 
sional Pat. Appl. No. 61/091,234, filed Aug. 22, 2008, which 
is incorporated by reference herein in its entirety. 

BACKGROUND 

0002 1. Field of the Invention 
0003. This invention generally relates to navigation in a 
three dimensional environment. 
0004 2. Background Art 
0005 Systems exist for navigating through a three dimen 
sional environment to display three dimensional data. The 
three dimensional environment includes a virtual camera that 
defines what three dimensional data to display. The virtual 
camera has a perspective according to its position and orien 
tation. By changing the perspective of the virtual camera, a 
user can navigate through the three dimensional environment. 
0006 Mobile devices, such as cellphones, personal digital 
assistants (PDAs), portable navigation devices (PNDs) and 
handheld game consoles, are being made with improved com 
puting capabilities. Many mobile devices can access one or 
more networks, such as the Internet. Also, Some mobile 
devices, such as an IPHONE device available from Apple 
Inc., accept input from GPS sensors, accelerometers and 
touch screens. Improved computing capabilities make it pos 
sible to run a wide variety of software applications on mobile 
devices. Despite improved computing capabilities, many 
handheld mobile devices have a small display generally 
less than 4 inches across. The Small display may make it 
difficult for a user to navigate through a three dimensional 
environment on a mobile device. 
0007 Methods and systems are needed that improve navi 
gation in a three dimensional environment on a mobile 
device. 

BRIEF SUMMARY 

0008. This invention relates to anchored navigation in a 
three dimensional environment on a mobile device. In an 
embodiment, a computer-implemented method navigates a 
virtual camera in a three dimensional environment on a 
mobile device having a touch screen. A first user input is 
received indicating that a first object is approximately station 
ary on a touch screen of the mobile device. A second user 
input is received indicating that a second object has moved on 
the touch screen. An orientation of the virtual camera of the 
virtual camera is changed according to the second user input. 
0009. In a second embodiment, a system navigates a vir 
tual camera in a three dimensional environment on a mobile 
device. The system includes a touch receiver that receives a 
first user input indicating that a first object is approximately 
stationary on a touchscreen of the mobile device and receives 
a second user input indicating that a second object has moved 
on the touch screen. The system also includes a look around 
module that changes an orientation of the virtual camera 
according to the second user input. 
0010. In a third embodiment, a computer-implemented 
method navigates a virtual camera in a three dimensional 
environment on a mobile device having a touch screen. A first 
user input is received indicating that a first object is approxi 
mately stationary on a touch screen of the mobile device. A 
second user input is received indicating that a second object 
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has moved on the touch screen. A target location is deter 
mined in the three dimensional environment. A position of the 
virtual camera is changed according to the second user input. 
A distance between the target location and the position of the 
virtual camera stays approximately constant. 
0011. In a fourth embodiment, a system navigates a virtual 
camera in a three dimensional environment on a mobile 
device. The system includes a touch receiver that receives a 
first user input indicating that a first object is approximately 
stationary on a touchscreen of the mobile device and receives 
a second user input indicating that a second object has moved 
on the touchscreen. The system also includes a target module 
that determines a target location in the three dimensional 
environment. Finally, the system includes a helicopter mod 
ule that changes a position of the virtual camera according to 
the second user input. A distance between the target location 
and the position of the virtual camera stays approximately 
COnStant. 
0012. In a fifth embodiment, a computer-implemented 
method navigates a virtual camera in a three dimensional 
environment on a mobile device having a touch screen. A first 
user input is received indicating that a first object is approxi 
mately stationary on a touch screen of the mobile device. A 
second user input is received indicating that a second object 
has moved on the touch screen. A target location is deter 
mined in the three dimensional environment. A tilt value of 
the virtual camera relative to a vector directed upwards from 
the target location is changed. An azimuth value of the virtual 
camera relative to the vector is also changed. 
0013. In a sixth embodiment, a computer-implemented 
method navigates a virtual camera in a three dimensional 
environment on a mobile device having a touch screen. A first 
user input is received indicating that a first object has touched 
a first point on a touch screen of a mobile device. A second 
user input is received indicating that a second object has 
touched a second point on the touch screen after the first 
object touched the first point on the touch screen. A naviga 
tion mode is determined from a plurality of navigation modes 
based on the position of the first point relative to the second 
point. 
0014. In a seventh embodiment, a computer-implemented 
method navigates a virtual camera in a three dimensional 
environment on a mobile device having a touchscreen. A user 
input is received indicating that two objects have touched a 
touch screen of a mobile device and the two objects have 
moved on the touch screen approximately the same distance 
inapproximately the same direction. A motion data represent 
ing motion of the two objects on the touch screen is deter 
mined. An orientation of the virtual camera is changed 
according to the motion data. 
0015. Further embodiments, features, and advantages of 
the invention, as well as the structure and operation of the 
various embodiments of the invention are described in detail 
below with reference to accompanying drawings. 

BRIEF DESCRIPTION OF THE FIGURES 

0016. The accompanying drawings, which are incorpo 
rated herein and form a part of the specification, illustrate the 
present invention and, together with the description, further 
serve to explain the principles of the invention and to enable 
a person skilled in the pertinent art to make and use the 
invention. 
0017 FIG. 1 is a diagram illustrating a mobile device that 
navigates through a three dimensional environment. 
0018 FIG. 2 is a diagram illustrating a virtual camera 
navigating through a three dimensional environment. 



US 2010/0045666 A1 

0019 FIG.3 is a diagram illustrating a system that accepts 
user interface gestures to navigate through a three dimen 
sional environment. 
0020 FIG. 4 is a flowchart illustrating a method for angu 
lar jump navigation. 
0021 FIG. 5 is a diagram illustrating angular jump navi 
gation on a mobile device. 
0022 FIGS. 6A-B are diagrams illustrating determining a 
target location according to a position selected on a view. 
0023 FIG. 7 is a diagram illustrating an angular jump 

trajectory. 
0024 FIG. 8 is a flowchart illustrating a method for 
anchored look-around navigation. 
0025 FIGS. 9A-B are diagrams illustrating anchored 
look-around navigation on a mobile device. 
0026 FIG. 10 is a flowchart illustrating a method for 
anchored helicopter navigation. 
0027 FIGS. 11A-B are diagrams illustrating anchored 
helicopter navigation on a mobile device. 
0028 FIG. 12 is a diagram illustrating a two finger gesture 
for looking around in a three dimensional environment on a 
mobile device. 
0029 FIG. 13 is a flowchart illustrating a method for navi 
gating a virtual camera based on an orientation of a mobile 
device. 
0030 FIGS. 14A-C are diagrams illustrating navigating a 
virtual camera based on an orientation of a mobile device. 
0031 FIG. 15 is a flowchart illustrating a method for navi 
gating a virtual camera using a pinch momentum. 
0032 FIGS. 16A-C are diagrams illustrating navigating a 
virtual camera through a three dimensional environment on a 
mobile device using a pinch momentum. 
0033 FIG. 17 is a flowchart illustrating a method for pan 
ning on a mobile device. 
0034 FIGS. 18A-B are diagrams illustrating panning 
through a three dimensional environment on a mobile device. 
0035 FIGS. 19A-C are diagrams illustrating different 
panning modes which may be used in navigation on a mobile 
device. 
0036. The drawing in which an element first appears is 
typically indicated by the leftmost digit or digits in the cor 
responding reference number. In the drawings, like reference 
numbers may indicate identical or functionally similar ele 
mentS. 

DETAILED DESCRIPTION OF EMBODIMENTS 

0037 Embodiments of the present invention provide for 
navigation in a three dimensional environment on a mobile 
device. In the detailed description of embodiments that fol 
lows, references to “one embodiment”, “an embodiment', 
“an example embodiment, etc., indicate that the embodi 
ment described may include a particular feature, structure, or 
characteristic, but every embodiment may not necessarily 
include the particular feature, structure, or characteristic. 
Moreover, Such phrases are not necessarily referring to the 
same embodiment. Further, when a particular feature, struc 
ture, or characteristic is described in connection with an 
embodiment, it is submitted that it is within the knowledge of 
one skilled in the art to effect such feature, structure, or 
characteristic in connection with other embodiments whether 
or not explicitly described. 
0038. This detailed description is divided into sections. 
The first section provides an introduction to navigation 
through three dimensional environment on a mobile device. 
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The second section describes a system that accepts user inter 
face gestures to navigate in a three dimensional environment 
on a mobile device. The next several sections describe the 
user interface gestures in greater detail. The third section 
describes an angular Zoom user interface gesture. The fourth 
section describes two anchored navigation gestures. The fifth 
section describes a dual finger look-around gesture. The sixth 
section describes accelerometer navigation. The seventh sec 
tion describes pitch momentum and a two-finger touch and 
rotate gesture. Finally, the eight section describes panning in 
a three dimensional environment on a mobile device. 

INTRODUCTION 

0039. This section provides an overview of navigation in a 
three dimensional environment on a mobile device. FIG. 1 is 
a diagram illustrating a mobile device 100 that can navigate 
through a three dimensional environment. In embodiments, 
mobile device 100 may be a PDA, cellphone, handheld game 
console or other handheld mobile device as known to those of 
skill in the art. In an example, mobile device 100 may be an 
IPHONE device, available from Apple Inc. In another 
example, mobile device 100 may be a device running an 
ANDROID platform, available from Google Inc. In other 
further embodiments, mobile device 100 may be a tablet 
computer, laptop computer, or other mobile device larger than 
a handheld mobile device but still easily carried by a user. 
These examples are illustrative and are not meant to limit the 
present invention. 
0040 Mobile device 100 may have a touch screen that 
accepts touch input from the user. The user may touch the 
screen with his fingers, Stylus, or other means known to those 
skilled in the art. Mobile device 100 also may have an accel 
erometer that detects when the mobile device accelerates or 
detects mobile device 100's orientation relative to gravity. It 
should be noted that other devices may be user to determine 
mobile device 100's orientation, and this invention is not 
meant to be limited to an accelerometer. Further one or more 
accelerometers may be used. Further, mobile device 100 may 
have a location receiver, such as a GPS receiver, and may be 
connected to one or more networks such as the Internet. 

0041 Mobile device 100 has a view 102. As mentioned 
earlier, mobile device 100 may accept touch input when a user 
touches view 102. Further, view 102 may output images to 
user. In an example, mobile device 100 may render a three 
dimensional environment and may display the three dimen 
sional environment to the user in view 102 from the perspec 
tive of a virtual camera. 

0042 Mobile device 100 enables the user to navigate a 
virtual camera through a three dimensional environment. In 
an example, the three dimensional environment may include 
a three dimensional model. Such as a three dimensional model 
of the Earth. A three dimensional model of the Earth may 
include Satellite imagery texture mapped to three dimensional 
terrain. The three dimensional model of the Earth may also 
include models of buildings and other points of interest. This 
example is merely illustrative and is not meant to limit the 
present invention. 
0043. In response to user input, mobile device 100 may 
change a perspective of the virtual camera. Based on the 
virtual camera's new perspective, mobile device 100 may 
render a new image into view 102. Various user interface 
gestures that change the virtual camera's perspective and 
result in a new image are described in detail below. 
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0044 FIG. 2 shows a diagram 200 illustrating a virtual 
camera in a three dimensional environment. Diagram 200 
includes a virtual camera 202. Virtual camera 202 is directed 
to view a three dimensional terrain 210. Three dimensional 
terrain 210 may be a portion of a larger three dimensional 
model, such as a three dimensional model of the Earth. 
0045. As mentioned earlier, user input may cause a mobile 
device, such as mobile device 100 in FIG. 1, to move virtual 
camera 202 to a new location. Further, user input may cause 
virtual camera 202 to change orientation, such as pitch, yaw, 
or roll. 
0046. In this way, user interface gestures on a mobile 
device cause a virtual camera to navigate through a three 
dimensional environment on a mobile device. The various 
system components and details of the user interface gestures 
are described below. 

System 

0047. This section describes a system that navigates a 
virtual camera through a three dimensional environment on a 
mobile device in response to user interface gestures. FIG. 3 is 
a diagram illustrating a system 300 that accepts user interface 
gestures for navigation in a three dimensional environment on 
a mobile device. 
0048 System 300 includes a client 302 having a user 
interaction module 310 and a renderer module 322. User 
interaction module 310 includes a motion model 314. In 
general, client 302 operates as follows. User interaction mod 
ule 310 receives user input regarding a location that a user 
desires to view and, through motion model 314, constructs a 
view specification defining the virtual camera. Renderer 
module 322 uses the view specification to decide what data is 
to be drawn and draws the data. If renderer module 322 needs 
to draw data that system 300 does not have, system 300 sends 
a request to a server for the additional data across one or more 
networks, such as the Internet, using a network interface 350. 
0049 Motion model 314 constructs a view specification. 
The view specification defines the virtual camera's viewable 
Volume within a three dimensional space, known as a frus 
tum, and the position and orientation of the frustum in the 
three dimensional environment. In an embodiment, the frus 
tum is in the shape of a truncated pyramid. The frustum has 
minimum and maximum view distances that can change 
depending on the viewing circumstances. Thus, changing the 
view specification changes the geographic data culled to the 
virtual camera's viewable Volume. The culled geographic 
data is drawn by renderer module 322. 
0050. The view specification may specify three main 
parameter sets for the virtual camera: the camera tripod, the 
camera lens, and the camera focus capability. The camera 
tripod parameter set specifies the following: the virtual cam 
era position (X, Y, Z coordinates); which way the virtual 
camera is oriented relative to a default orientation, such as 
heading angle (e.g., north?, South'?, in-between?); pitch (e.g., 
level?, down?, up?, in-between?); yaw and roll (e.g., level?. 
clockwise?, anti-clockwise?, in-between?). The lens param 
eter set specifies the following: horizontal field of view (e.g., 
telephoto?, normal human eye—about 55 degrees?, or wide 
angle?); and vertical field of view (e.g., telephoto?, normal 
human eye—about 55 degrees?, or wide-angle?). The focus 
parameterset specifies the following: distance to the near-clip 
plane (e.g., how close to the "lens' can the virtual camera see, 
where objects closer are not drawn); and distance to the 
far-clip plane (e.g., how far from the lens can the virtual 
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camera see, where objects further are not drawn). As used 
herein “moving the virtual camera' includes Zooming the 
virtual camera as well as translating the virtual camera. 
0051) To construct a view specification, user interaction 
module 310 receives user input. Client 302 has various 
mechanisms for receiving input. For example, client 302 may 
receive input using sensors including a touch receiver 340, an 
accelerometer 342, and a location module 344. Each of the 
sensors will now be described in turn. 
0.052 Touch receiver 340 may be any type of touch 
receiver that accepts input from a touch screen. Touch 
receiver 340 may receive touch input on a view such as the 
view 102 in FIG. 1. The touch input received may include a 
position that the user touched as defined by an X and Y 
coordinate on the screen. The user may touch the screen with 
a finger, stylus, or other object. Touch receiver 340 may be 
able to receive multiple touches simultaneously if, for 
example, the user selects multiple locations on the screen. 
The screen may detect touches using any technology known 
in the art including, but not limited to, resistive, capacitive, 
infrared, Surface acoustic wave, strain gauge, optical imag 
ing, acoustic pulse recognition, frustrated total internal 
reflection, and diffused laser imaging technologies. 
0053 Accelerometer 342 may be any type of accelerom 
eter as known to those skilled in the art. Accelerometer 342 
may be able to detect when the mobile device moves. Accel 
erometer 342 also may be able to detect the orientation of a 
mobile device relative to gravity. 
0054 Location receiver 344 detects the location of the 
mobile device. Location receiver 344 may detect a location of 
a mobile device from, for example, a GPS receiver. A GPS 
receiver determines a location of the mobile device using 
signals from GPS satellites. In other examples, location 
receiver 344 may detect location of mobile device by, for 
example, collecting information from nearby cell towers and 
wi-fi hotspots. Location receiver 344 may use information 
from cell towers, wi-fi hotspots, and GPS satellites together to 
determine the location of the mobile device quickly and accu 
rately. 
0055 As mentioned earlier, user interaction module 310 
includes various modules that change the perspective of the 
virtual camera as defined by the view specification. User 
interaction module 310 includes a momentum module 316, an 
angular jump module 312, a navigation module 318, an 
anchor module 320, a pan module 348, and a target module 
346. Each of these modules is described below. 

0056. The modules in user interaction module 310 may 
change a virtual camera's perspective according to a target 
location. A target location may be determined by a target 
module 346. In an embodiment, target module 346 may 
extend a ray from a focal point of the virtual camera. The 
target location may be an intersection of the ray with a three 
dimensional model. Such as a three dimensional model of the 
Earth. The ray may be extended according to a position on the 
view selected by a user. Alternatively, the ray may be 
extended through a center of the view frustum of the virtual 
camera. The operation of target module 346 is described in 
more detail with respect to FIGS. 6A-B. 
0057. One module that uses target module 346 is angular 
jump module 312. In response to a user selecting a feature in 
the three dimensional environment, angularjump module 312 
moves the virtual camera toward the feature. In an embodi 
ment, touch receiver 340 receives a user input indicating that 
a user has selected a position of a view. In an example, a user 
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may select a position on the view and initiate an angular jump 
by double tapping on the position. Based on the position 
selected by the user, target module 346 determines a target 
location. Using the target location, angular jump module 312 
moves the virtual camera. Angular jump module 312 may 
move the virtual camera toward the target location and may 
rotate the virtual camera toward the target location. As the 
virtual camera moves, angular jump module 312 may change 
the virtual camera's roll to simulate an airplane banking. 
Angular jump module 312 may orient the virtual camera Such 
that the target location appears approximately at the center of 
the view. To orient the virtual camera, angular jump module 
312 may change pitch or yaw values of the virtual camera. In 
this way, a user can double tap on a screen with one hand and 
easily navigate the virtual camera towards the target. Further, 
the smooth transition of the virtual camera to its new location 
may create a pleasing effect to a user. 
0.058 Anchor module 320 moves the virtual camera in 
response to other user interface gestures. In an embodiment, 
anchor module 320 is called when touch receiver 340 receives 
a two finger touch with one finger stationary and the other 
finger in motion. The relative initial positions of the stationary 
and moving fingers may activate one of two navigation 
modes—an anchored look-around mode oran anchored heli 
copter mode. In an embodiment, the anchored look-around 
mode is activated when the initial position of the first station 
ary finger is below the initial position of the second finger. 
The anchored helicopter mode is activated when the initial 
position of the first stationary finger is above the initial posi 
tion of the second finger. The anchored look-around mode be 
executed by a look-around module 326, and the anchored 
helicopter mode may be executed by a helicopter module 324. 
0059 Look-around module 326 changes an orientation of 
the virtual camera according to movement of the second 
finger. Touch receiver 340 may receive the direction of the 
second finger's movement and send the direction to look 
around module 326. Based on the direction, look-around 
module 326 may rotate the virtual camera along different 
axes. Look-around module 326 may change a yaw of the 
virtual camera when finger moves toward the left or right of 
the mobile device. Similarly, look-around module 326 may 
change a pitch of the virtual camera when the finger moves 
toward the top or bottom of the mobile device. The operation 
of look-around module 326 is described in more detail with 
respect to FIGS. 8 and 9A-B. In an embodiment, look-around 
module 326 also may change an orientation of the virtual 
camera in response to movement of two fingers. This embodi 
ment is described with respect to FIG. 12. 
0060 Helicopter module 324 moves the virtual camera 
when the position of the stationary finger is initially below the 
moving finger. In an embodiment, when touch receiver 340 
receives a two finger touch with the stationary finger below 
the moving finger, target module 346 may determine a target 
location. The target location may be determined by extending 
a ray based on the position of the stationary finger. Alterna 
tively, the target location may be determined by extending a 
ray through a center of the virtual camera's view frustum. 
Determining a target location is described in more detail later 
with respect to FIGS. 6A-B. 
0061 Touch receiver 340 may send a direction of the 
moving finger to helicopter module 324. Based on the direc 
tion of the moving finger, helicopter module 324 may move 
the virtual camera in different directions, keeping a distance 
between the target location and the position of the virtual 
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camera approximately constant. Helicopter module 324 may 
allow for Small changes in the distance. For example, new 
terrain may be streamed into the client that causes the distance 
to change. 
0062 Helicopter module 324 may extend a ray upwards 
from the target location determined by target module 346. 
When the direction of the moving finger is towards the top or 
bottom of the mobile device, helicopter module 324 may 
change a tilt angle relative to the ray. Changing the tilt angle 
may move the virtual camera up or down. When the direction 
of the moving finger is towards the left or right of the mobile 
device, helicopter module 324 may change an azimuth angle 
relative to the ray. Changing an azimuth angle may move the 
virtual camera around the target location while maintaining a 
constant elevation. Further, when the direction of the moving 
finger has components on both axes of the mobile device, 
helicopter module 324 may change both the tilt and azimuth 
angles. In this way, helicopter module 324 enables a user to 
navigate easily around a target location. Helicopter module 
may also move the virtual camera when two fingers rotate on 
a screen of a mobile device as described for FIG. 16C. 
0063. In an embodiment, helicopter module 324 also may 
change a distance between the target location and the virtual 
camera. For example, the virtual camera may move into or 
away from the target location. For example, movement of the 
initially stationary finger may result in translating the virtual 
camera in towards or away from the target. 
0064. In an embodiment, helicopter module 324 may 
change an azimuth angle while allowing navigation module 
318 to change a tilt angle based on an orientation of the 
mobile device relative to gravity. The operation of helicopter 
module 324 is described in more detail with respect to FIG.10 
and FIGS. 11 A-B. 

0065. Navigation module 318 orients and positions the 
virtual camera in the three dimensional environment accord 
ing to orientation and position information received from 
accelerometer 342 and location receiver 344. Navigation 
module 318 includes an accelerometer navigation module 
330. In an embodiment, accelerometer 342 receives an orien 
tation of the mobile device relative to gravity. Based on the 
orientation of the mobile device, accelerometer navigation 
module 330 changes a position or orientation of the virtual 
camera. Based on the orientation of the mobile device, accel 
erometer navigation module 330 may change a pitch of the 
virtual camera, causing the virtual camera to look up and 
down. Alternatively, accelerometer navigation module 330 
may change a tilt of the virtual camera relative to a target 
location, causing the virtual camera to move up or down. 
0.066 Location receiver 344 may receive a heading value 
of the mobile device. For example, location receiver 344 may 
receive the cardinal direction (north, east, south, west) that the 
mobile device faces. Based on the heading value, navigation 
module 318 may orient the virtual camera in the direction of 
the mobile device. Also, location receiver 344 may receive a 
location value of the mobile device. For example, location 
receiver 344 may receive may receive a latitude, longitude 
and altitude of the mobile device. Based on the location of the 
mobile device, navigation module 318 may position a virtual 
camera in the three dimensional environment. The three 
dimensional environment may include a three dimensional 
model of the Earth. In this way, navigation module 318 may 
position and orient the virtual camera in the virtual Earth to 
correspond to the position and orientation of the mobile 
device in the real Earth. Navigation module 318 may continu 
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ally update the position and orientation of the virtual camera 
to track the mobile device. The operation of navigation mod 
ule 318 is described in more detail with respect to FIG.13 and 
FIGS. 14A-B. 

0067. Each of angular jump module 312, momentum 
module 316, accelerometer navigation module 330, look 
around module 326, and helicopter module 324 accept user 
interface gestures to move the virtual camera. Each of those 
modules may coordinate with momentum module 316 to 
continue the motion of the virtual camera after the user inter 
face is gesture is complete. Momentum module 316 may 
gradually decelerate the motion after the gesture is complete. 
In this way, momentum module 316 simulates the virtual 
camera having a momentum and simulates the virtual camera 
being Subjected to friction, Such as air resistance. 
0068. As described above, anchor module 316 navigates a 
virtual camera when touch receiver 340 receives a two finger 
touch with one finger stationary and the other in motion. 
According to a further feature, when both fingers are in 
motion, momentum module 316 also may navigate the virtual 
camera. A two finger touch with both fingers in motion is 
Sometimes described herein as a pinch gesture with the fin 
gers either moving away from each other or towards each 
other. Momentum module 316 may determine a speed that the 
fingers relative to each other. Based on the finger speed, 
momentum module 316 may determine a speed of the virtual 
camera and may move the virtual camera at the determined 
speed. Moving the fingers towards each other may cause the 
virtual camera to move forward, whereas moving the fingers 
away from each other may cause the virtual camera to move 
backwards. Momentum module 316 may simulate air resis 
tance and consequently may reduce the speed of the virtual 
camera gradually. 
0069. Alternatively, the virtual camera may remain sta 
tionary and a three dimensional model. Such as a three dimen 
sional model of the Earth, may move according to the finger 
speed. Momentum module 316 may rotate a model of the 
Earth at an angular velocity determined according to a finger 
speed. The operation of momentum module 316 is described 
in more detail with respect to FIG. 15 and FIG. 16A-B. 
0070 A three dimensional model, such as a three dimen 
sional model of the Earth, may also be rotated by pan module 
348. In an embodiment, touch receiver 340 may receive a user 
input indicating that a user has touched a first position on a 
view of the mobile device and moved his finger to a second 
position on the view (a touch-and-draggesture). Based on the 
first and second positions, target module 346 may determine 
first and second points in the three dimensional environment. 
Based on the first and second points, pan module 348 may 
move the three dimensional model relative to the virtual cam 
era. This movement may be referred to hereinas “panning.” In 
an example, pan module 348 may move the three dimensional 
model by determining a rotation axis on the three dimensional 
model and rotating the three dimensional model around the 
rotation axis. 

0071. In an embodiment, the operation of pan module 348 
may change according to the orientation of the virtual camera. 
As mentioned earlier, the orientation of the virtual camera 
may be determined according to an orientation of the mobile 
device relative to gravity. In an example, when the virtual 
camera faces the ground, the user may pan in any direction. 
However, when the virtual camera faces the horizon, the user 
may pan only forward and backwards. Finger movements to 
the left and right instead may result in the virtual camera 
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looking to the left or right. The operation of pan module 348 
is described in greater detail with respect to FIG. 17, FIGS. 
18A-B, and FIGS. 19 A-C. 
0072 Each of the components of system 300 may be 
implemented in hardware, software, firmware, or any combi 
nation thereof. 
0073. In the following sections, the operation of angular 
jump module 312, target module 346, anchor module 320, 
momentum module 316, navigation module 318 and pan 
module 348 is described in greater detail. 
Angular Jump 
0074 This section describes a method for angular jump 
navigation with respect to FIGS. 4-5, 6A-B, and 7. Angular 
jump navigation enables a user to navigate easily and intu 
itively in a three dimensional environment on a mobile 
device. In general, in response to a user double tapping on a 
location, the method navigates a virtual camera toward a 
location and angles the virtual camera toward the location. 
(0075 FIG. 4 is a flowchart illustrating a method 400 for 
angular jump navigation. Method 400 begins with receiving a 
user input indicating that a user has double tapped on a loca 
tion of a view at step 402. Step 402 is illustrated in FIG. 5. 
FIG. 5 shows a diagram 500 illustrating angular jump navi 
gation on a mobile device. Diagram 500 shows mobile device 
100 with view 102. A user double taps at a location 504. 
Angular jump navigation navigates along a trajectory 502 as 
is described in the remaining steps of method 400. 
0076 Based on a location of the tap location received in 
step 402, a target location is determined at step 404. Deter 
mining a target location is illustrated in FIGS. 6A-B. FIG.6A 
shows a diagram 600 illustrating extending a screen ray to 
determine a target location. Diagram 600 shows a virtual 
camera with a focal point 602. The virtual camera has a focal 
length 606 and a viewport 604. On viewport 604, point 610 
corresponds to a point selected by a user on a view of the 
mobile device. From focal point 602, a ray 612 is extended 
through point 610. Ray 612 intersects with a three dimen 
sional model 616 to determine a target location 614. In this 
way, target location 614 is determined based on the point 
selected (e.g., double tapped) by the user. 
0077. While being easy for user, double tapping a view 
with a finger can be imprecise. Mobile devices tend to have 
small views (handheld mobile devices, for example, may 
have views generally not larger than 4 inches). As result, a 
finger touch may occupy a Substantial portion of the view. 
When the user selects a position that is close to the horizon, 
the screen ray may be nearly tangential to the three dimen 
sional model. Small changes in the position of the wide finger 
may result in large changes in the target location. As result, 
angular jump navigation may be unstable. 
0078. To deal with potential instability, the user selection 
may be damped as illustrated in FIG. 6B. FIG. 6B shows a 
diagram 650 with a virtual camera having focal point 602, 
focal length 606 and viewport 604. A user selects a point on 
the view close to a horizon. The point selected by the user 
corresponds to a point 652 on viewport 604. A ray 654 
extends from focal point 602 through point 652 on viewport 
604. Ray 654 intersects with a concave virtual surface 658 at 
a point 656. Point 656 may be projected onto three dimen 
sional model 660 to determine a target location. By intersect 
ing a screen ray with a virtual Surface, the user's selection is 
damped, thus improving stability. Diagram 650 shows one 
method for damping a user selection, but other methods may 
be used as are known to those of skill in the art. 
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0079 Referring back to FIG. 4, once a target location is 
determined, the virtual camera moves toward the target loca 
tion at step 406. As the virtual camera moves toward the target 
location, the virtual camera rotates toward the target location 
at step 408. Steps 406 and 408 are illustrated in FIG. 7. 
0080 FIG. 7 shows a diagram 700 illustrating an angular 
jump trajectory. Diagram 700 shows a virtual camera at an 
initial position 702. The virtual camera moves along a trajec 
tory 706. The virtual camera may start with an initial forward 
Velocity vector. As the virtual camera continues on trajectory 
706, the virtual camera rotates towards a target 708. Rotating 
towards a target 708 may include changing a pitch or yaw of 
the virtual camera. As the virtual camera continues on trajec 
tory 706, the virtual camera may slow down, coming to rest at 
a position 704 facing the target 708. When the virtual camera 
comes to rest, the target 708 may appear at approximately the 
center of the view. The approximate center of the view may 
not be the exact center as small offsets from the center are 
allowed. 
0081. As the virtual camera moves along trajectory 706, 
the virtual camera may roll. The roll may simulate an aircraft 
like turn toward the destination. The virtual camera may start 
trajectory 706 with no roll. The virtual camera's roll may 
increase as it moves along trajectory 706 and may attain the 
largest amount of roll midway through trajectory 706. Then, 
the virtual camera's roll may decrease returning to Zero roll 
when the virtual camera reaches its final position 704. 
0082 In this way, angular jump navigation enables a user 
to easily navigate towards a target location in a three dimen 
sional environment. Additionally, by determining the target 
location based on a double touch gesture, the user can navi 
gate towards the location with only one hand. This is useful 
because often users have one handholding the mobile device, 
leaving only one hand free to navigate in the three dimen 
sional environment. 

Anchored Navigation 
0083. With one free hand to navigate, several user inter 
face gestures may use two fingers. This section describes two 
user interface gestures using two fingers—anchored look 
around and anchored helicopter. Each user interface gesture 
has one finger initially stationary with the other moving. The 
stationary finger may touch the screen before the moving 
finger. The initial relative position of the stationary and mov 
ing fingers may determine whether the user enters an 
anchored look-around navigation mode or an anchored heli 
copter navigation mode. 
I0084 FIG. 8 is a flowchart illustrating a method 800 for 
anchored look-around navigation. Method 800 begins by 
receiving a user input for a two finger touch on a view of the 
mobile device at step 802. One of the two fingers is in motion 
and the direction of motion (e.g. a motion vector) of the 
second finger is received at step 804. The two finger touch is 
illustrated in FIG.9A. 
I0085 FIG.9A shows a diagram 900. Diagram 900 shows 
mobile device 100 with view 102. A user has touched view 
102 with a finger902 and a finger904. Finger902 is initially 
stationary and finger 904 is initially in motion. Finger 902 
may touch the screen at least a certain amount time before 
finger904. As result of the relative position offinger902 and 
904, the user enters an anchored look-around navigation 
mode. In an embodiment, the user enters anchored navigation 
mode when the finger initially moving (finger904) is above 
the finger that is initially stationary (finger902). 
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I0086 Referring back to FIG. 8, once the movement of the 
second finger is received, an orientation of the virtual camera 
is changed according to the movement of the second finger. 
How the virtual camera's orientation is changed is illustrated 
in FIG.9B. 

I0087 FIG.9B shows a diagram 950 illustrating a virtual 
camera looking around in a three dimensional environment. 
Diagram 950 shows three dimensional terrain 210 and virtual 
camera 202. By changing its pitch, camera 202 may look up 
and down as show by an arrow 952. By changing its yaw, 
camera 202 may look left and right as show by an arrow 954. 
I0088. In FIG.9A, when a user moves finger904 to the left 
or right, as shown by arrows 906 and 908, the virtual camera's 
yaw may change to look left or right accordingly. Similarly, 
when a user moves finger904 up or down, as shown by arrows 
906 and 908, the virtual camera's pitch may change to lookup 
or down accordingly. When a user moves his finger at a 
diagonal, as shown by arrow 920, both a pitch and a yaw of the 
virtual camera may change. The pitch and yaw may change 
according to the components of the motion vector along the 
axes of the mobile device. In this way, by moving a finger, a 
user can cause the virtual camera to look-around, viewing the 
three dimensional environment from different perspectives. 
0089. In an alternative embodiment, the virtual camera 
may look to the left and right based on the user input, while 
looking up and down based on an orientation of a mobile 
device. An orientation of the mobile device relative to gravity 
may be received from an accelerometer of the mobile device. 
A pitch of the virtual camera may be changed according to the 
orientation of the mobile device. In this way, the user can look 
up and down by angling the mobile device up and down. 
0090. In an embodiment, an axis of the virtual camera may 
be determined based on the position of the first, stationary 
finger. In an example, a target location may be determined 
based on the position of the stationary finger. The axis is the 
line connecting the virtual camera and the target location. In 
this embodiment, movement of the second finger causes the 
virtual camera to rotate about the axis. 

0091. As mentioned earlier, a user enters an anchored 
look-around mode when the stationary finger is below the 
moving finger. However, when the stationary finger is above 
the moving finger, the user may enter an anchored helicopter 
mode. Anchored helicopter mode is described with respect to 
FIGS. 10 and 11A-B. 

0092 FIG. 10 is a flowchart illustrating a method 1000 for 
anchored helicopter navigation. Method 1000 begins by 
receiving a user input for a two finger touch on a view of the 
mobile device at step 1002. One of the two fingers is in motion 
and the direction of motion (e.g. a motion vector) of the 
second finger is received at step 1004. The two finger touch is 
illustrated in FIG. 11A. 

(0093 FIG. 11A shows a diagram 1100. Diagram 1100 
shows mobile device 100 with view 102. A user has touched 
view 102 with a finger 1102 and a finger 1104. Finger 1102 is 
initially stationary and finger 1104 is initially in motion. A 
user may touch view 102 with a finger 1102 a certain time 
prior to touching the view with a finger 1104. As result of the 
relative position of finger 1102 and 1104, the user enters an 
anchored helicopter mode. As mentioned above, the user may 
enter anchored helicopter mode when the finger initially 
moving (finger 1104) is below the finger that is initially 
stationary (finger 1102). 
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0094) Referring back to FIG. 10, after receiving user input, 
a target location is determined at step 1004. In an embodi 
ment, the target location may be determined based on the 
position of the first, stationary finger. The target location may 
be determined by extending a screen ray as described in FIG. 
6A. Further, the screen ray may be damped as described with 
respect to FIG. 6B. Alternatively, the target location may be 
determined by extending a ray through a center of the virtual 
camera's view frustum. The ray may intersect with a three 
dimensional model at a target location. These examples are 
illustrative, and other methods of determining a target loca 
tion may be used as are known to those of skill in the art. 
0095 Once a target location is determined, a tilt or azi 
muth value relative to the target location is changed according 
to the movement of the second finger at step 1008. Step 1008 
is illustrated in FIG. 11B. 

0096 FIG. 11B shows a diagram 1150 illustrating 
anchored helicopter navigation. Diagram 1150 shows virtual 
camera202 directed towards three dimensional terrain 210. A 
ray 1160 is extended to determine a target 1158 as described 
for step 1006. From target 1158, a vector 1162 directed 
upwards is determined. Relative to vector 1162, virtual cam 
era 202 has a tilt angle 1156 and an azimuth angle 1154. 
Changing tilt angle 1156 causes virtual camera 202 to move 
up or down, and changing azimuth angle 1154 causes virtual 
camera202 to orbit around target 1158 at a constant elevation. 
In an embodiment, changing tilt angle 1156 and azimuth 
angle 1154 does not change the distance between virtual 
camera 202 and target 1158. In this way, changing tilt angle 
1156 and azimuth angle 1154 navigates the virtual camera 
around target 1158 while staying equidistant to target 1158. 
0097. In FIG. 11A, when a user moves finger 1104 left or 
right, as shown by arrows 1108 and 1106, an azimuth angle 
changes causing virtual camera 202 to orbit around the target 
1158 at a constant elevation. Similarly, when a user moves 
finger904 up or down, as shown by arrows 1110 and 1112, a 
tilt angle may change moving the virtual camera up and down 
relative to target 1158. When a user moves his finger at a 
diagonal, as shown by arrow 1116, both the tilt and azimuth 
angles may change. The tilt and azimuth Values may change 
according the components of the motion vector along the axes 
of the mobile device. In this way, by moving a finger, a user 
can cause the virtual camera to move around a target location, 
viewing a target location from different perspectives. An ori 
entation of the virtual camera may also change Such that the 
virtual camera continues to face the target. 
0098. In an example, a user may move finger 1104 down 
and to the right. In this example, both a tilt and azimuth value 
relative to a target location may increase in response to the 
finger movement. As the tilt value increases the virtual cam 
era moves down towards the elevation of the target location. 
Meanwhile, the increasing azimuth value causes the virtual 
camera to rotate around the target location. While the virtual 
camera is moving, the virtual camera may remain oriented 
toward the target location. In this way, a user can easily view 
a feature in the three dimensional environment from different 
perspectives. 
0099. In an embodiment, the distance between the virtual 
camera and the target location may also change. For example, 
the virtual camera may Swoop into the target by moving the 
virtual camera into a target while changing a tilt or azimuth 
value. Also, the virtual camera can move away from the target 
while changing a tilt or azimuth value. 
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0100. In an embodiment, moving finger 1104 left or right 
may change an azimuth angle, while a tilt angle is determined 
according to an orientation of the mobile device. An orienta 
tion of the mobile device relative to gravity may be received 
from an accelerometer of the mobile device. Based on the 
orientation of the mobile device, the tilt angle is determined. 
In this way, the user may move the virtual camera up and 
down by moving the mobile device up and down. 
0101 For instance, a user holding the mobile device and 
viewing a display may move the device relative to the ground. 
As the device moves to face the ground, the virtual camera 
may move above the target and face down toward the target. 
As the device moves to perpendicular to the ground, the 
virtual camera may move to the target's elevation and view 
the target from a ground-level view. 

Dual Finger Look-Around Navigation 

0102. As mentioned earlier, a user may cause a virtual 
camera to look around by moving one finger and keeping 
another stationary. This section describes another gesture that 
may cause a virtual camera to look around. The gesture 
described in this section includes two fingers touching the 
display. In general, two fingers move in approximately the 
same direction by approximately the same distance and the 
virtual camera moves according to the finger movement. 
0103 FIG. 12 shows a diagram 1200 illustrating a two 
finger gesture for looking around in a three dimensional envi 
ronment on a mobile device. Diagram 1200 shows mobile 
device 100 with view 102. Touching view 102 are fingers 
1202 and 1204. With the user touching view 102, user moves 
fingers 1202 and 1204 on view 102 as shown by vectors 1206 
and 1208. Vectors 1206 and 1208 represent the direction and 
distance that a user moves fingers 1202 and 1204. 
0104 Vectors 1206 and 1208 may be in approximately in 
the same direction. Vectors 1206 and 1208 need not be exactly 
parallel. A small angle between directions 1206 and 1208 
may be allowed up to a threshold. Similarly, vectors 1206 and 
1208 may have approximately the same length. A small dif 
ference in the length of vectors 1206 and 1208 may be 
allowed up to a threshold. 
0105 Based on the direction and distance that the user 
moves fingers 1202 and 1204, a virtual camera's orientation 
changes. Fingers 1202 and 1204 have moved slightly differ 
ent directions and distances then the direction and distance 
values may be combined to determine an aggregate vector. In 
an example, the direction and distance values of vectors 1206 
and 1208 may be averaged to determine the aggregate vector. 
Here a vector is described but any type of motion data may be 
used. 

0106. In response to movement offingers 1202 and 1204, 
the virtual camera may change its orientation as illustrated in 
FIG.9B. FIG. 9B shows a diagram 950 with three dimen 
sional terrain 210 and virtual camera 202. Diagram 950 
shows three dimensional terrain 210 and virtual camera 202. 
When the vector offinger movement is to the left or right on 
the mobile device, the virtual camera's yaw may change. 
Changing the virtual camera's yaw causes the camera to look 
left or right as show by arrow 954. Similarly, when the vector 
offinger movement is up or down on the mobile device, the 
virtual camera's pitch may change. Changing the virtual cam 
era's pitch causes the camera to look to up or down as shown 
by arrow 956. 
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0107. When a user moves his finger at a diagonal, both a 
pitch and a yaw of the virtual camera may change. The pitch 
and yaw may change according to the components of the 
vector of the finger movement along the axes of the mobile 
device. In this way, by moving two fingers, a user can cause 
the virtual camera to look-around, viewing the three dimen 
sional environment from different perspectives. 
0108. In an alternative embodiment, the virtual camera 
may look to the left and right based on the user input, while 
looking up and down based on an orientation of a mobile 
device. An orientation of the mobile device relative to gravity 
may be received from an accelerometer of the mobile device. 
A pitch of the virtual camera may be changed according to the 
orientation of the mobile device. In this way, the user can look 
up and down by angling the mobile device up and down. The 
orientation of the mobile device may be determined by an 
accelerometer. The next section describes accelerometer 
navigation in greater detail. 

Accelerometer Navigation 
0109. This section describes navigating a virtual camera 
with an accelerometer in greater detail. FIG. 13 is a flowchart 
illustrating a method 1300 for navigating a virtual camera 
based on an orientation of a mobile device. 
0110 Method 1300 begins with enabling accelerometer 
navigation at Step 1302. Accelerometer navigation may be 
enabled, for example, when a user makes a setting change to 
turn it on or at startup if a default setting is set for accelerom 
eter navigation. In another example, entering a navigation 
mode such as anchored navigation or look-around navigation 
may enable accelerometer navigation. Also, accelerometer 
navigation may be enabled when a change in orientation of 
the mobile device exceeds a threshold. This way minor 
changes in orientation do not unintentionally change the per 
spective of the virtual camera. Also, the accelerometer navi 
gation may be enabled when an orientation of the mobile 
device relative to gravity exceeds a threshold. Ifan orientation 
of the mobile device relative to gravity is below a threshold, 
the orientation may be in a “dead Zone'. 
0111. Once accelerometer navigation is enabled, an orien 
tation of the mobile device is determined at step 1304. In an 
embodiment, an accelerometer determines the direction of 
gravity and an orientation of the mobile device relative to 
gravity. Based on the orientation of the mobile device, the 
virtual camera's position or orientation is changed at Step 
1306. Steps 1304 and 1306 are illustrated in FIGS. 14A-C. 
Further, the accelerometer readings may be damped. 
0112 FIGS. 14A-C each show a mobile device with a 
different orientation. FIG. 14A shows a profile of a mobile 
device 1402 facing the ground. Suppose that an orientation of 
mobile device 1402 is defined relative to a vector normal to 
the plane of the screen of mobile device 1402. An accelerom 
eter of the mobile device detects that gravity is facing straight 
down. In other words, gravity is parallel to the orientation of 
mobile device 1402. As result, the virtual camera is oriented 
straight down at a three dimensional model. Such as a three 
dimensional model of the Earth. With the virtual camera 
facing the ground, the virtual camera may capture an image 
1404 of the ground. 
0113 FIG. 14B shows a profile of a mobile device 1422 at 
an angle relative the ground. An accelerometer of the mobile 
device detects that gravity has an angle 1426 relative to the 
orientation of the mobile device. As result, the virtual cam 
era's pitch may be set to angle 1426. Orienting the virtual 
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camera at angle 1426, an image captured by the virtual cam 
era and displayed to the user may appear as an image 1424. 
0114. Alternatively, the virtual camera's pitch may be 
determined based on angle 1426. In an embodiment, a range 
of angles of the mobile device may interpolate Smoothly to a 
range of angles of the virtual camera. The interpolation may 
be a linear interpolation. In an example, Suppose the range of 
angles of the mobile device is 30 degrees to 90 degrees. That 
range interpolate to a range of angles of the virtual camera of 
0 degrees to 90 degrees. In that example, if a user holds the 
device at 60 degrees, an angle of the virtual camera may be set 
to 45 degrees. This example is merely illustrative. 
0115 FIG. 14C shows a profile of a mobile device 1432 
normal to the ground. An accelerometer of the mobile device 
detects that gravity has an angle 1436 relative to the mobile 
device. As result, the virtual camera's pitch may be set to 
angle 1436. Orienting the virtual camera at angle 1436, an 
image captured by the virtual camera and displayed to the 
user may appear as an image 1434 facing the horizon. 
0116. As illustrated in FIGS. 14A-C, as the user changes 
an orientation of the mobile device, an orientation of the 
virtual camera changes. Thus, as the user directs the mobile 
device toward the horizon, the virtual camera looks toward 
the horizon. As the user directs the mobile device towards the 
sky, the virtual camera looks toward the sky. Finally, as the 
user directs the mobile device towards the ground, the virtual 
camera looks toward the ground. 
0117. In addition to changing an orientation of the virtual 
camera, a position of the virtual camera may also change 
according to an orientation of a mobile device. In an embodi 
ment, a target location and a tilt angle may be determined as 
described with respect to FIGS. 11A-B. As the orientation of 
the mobile device changes, a tilt angle of the virtual camera 
relative to a target location may change. 
0118. In this way, a user can navigate through a three 
dimensional environment by changing an orientation of a 
mobile device. 

Pinch Momentum 

0119 The anchored navigation section discussed a two 
finger gesture with one fingerinitially stationary and the other 
initially in motion. This section describes a two finger gesture 
with both fingers initially in motion. The two finger gesture 
may be referred to as a pinch and is described with respect to 
FIG. 15 and FIGS. 16A-B. A pinch also may be distinguished 
from anchored navigation by the timing of the first and second 
finger touches. For example, when a time between first and 
second fingers is above a threshold, an anchored navigation 
mode may be activated. When a time between first and second 
fingers is above a threshold, the virtual camera may be moved 
with a pinch momentum. In an alternative embodiment, the 
anchored navigation mode may be activated when the time is 
below a threshold, and the virtual camera may be moved with 
a pinch momentum when the time is above a threshold. 
I0120 FIG. 15 is a flowchart illustrating a method 1500 for 
navigating a virtual camera using a pinch. Method 1500 
begins by receiving an input for a user pinch on the view at 
1502. A user pinch is described is illustrated in FIG. 16A. 
I0121 FIG. 16A shows a diagram 1600 illustrating a pinch 
gesture on a mobile device. Diagram 1600 shows mobile 
device 100 with view 102. A user has touched view with 
fingers 1604 and 1602. Both fingers are in motion and their 
relative motion is a speed of the pinch determined in step 
1504. Moving fingers 1604 and 1602 apart as shown with 
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arrows 1612 and 1614 may result in a positive pinch speed, 
whereas moving fingers 1604 and 1602 together as shown 
with arrows 1624 and 1622 may result in a negative pinch 
speed. 
0122 Based on the pinch speed determined in step 1504, a 
virtual camera speed is determined at step 1506. The virtual 
camera speed may be positive (forward) if the pinch speed is 
positive, and the virtual camera speed may be negative (re 
verse) if the pinch speed is negative. In an example, the virtual 
camera speed may be linearly interpolated from the pinch 
speed. This is just an illustrative example and this not meant 
to limit the present invention. 
0123. At step 1508, the virtual camera accelerates to the 
speed determined at step 1506. At step 1510, the virtual 
camera may decelerate gradually. To decelerate the virtual 
camera, a momentum of the virtual camera may be simulated, 
and the virtual camera may be exposed to a simulated air 
resistance. Steps 1508 and 1510 are illustrated in FIG. 16B. 
0.124 FIG.16B shows a diagram 1650 illustrating a virtual 
camera subjected to a pinch momentum. Diagram 1650 
shows a virtual camera starting at a position 1652 and ending 
at a position 1654. Diagram 1650 shows the virtual camera at 
Several points in time to t, t2, ts, t, and ts. As time passed, the 
virtual camera decelerates. 

0.125. In another embodiment, both fingers need not be 
initially in motion. One or both fingers could be initially 
stationary. Further, a pinch may translate the virtual camera or 
cause a virtual camera to Zoom without any momentum. In 
that embodiment, the virtual camera Zooms or translates 
according a distance or speed of the pinch. When the pinch 
gesture is completed, the virtual camera may stop Zooming or 
translating. 
0126. In an embodiment, the virtual camera may be trans 
lated in a straight line. Alternatively, the virtual camera may 
stay stationary and the three dimensional model may move. In 
an example, the three dimensional model may rotate. This 
motion of the three dimensional model relative to the virtual 
camera may be referred to as "panning. 
0127. In another embodiment, the virtual camera is both 
Zoomed (or translated) and rotated. The rotation of the camera 
is based on the angle between the two fingers, and the Zoom is 
based on the distance between the two fingers. These two 
actions can be done simultaneously. Neither finger needs to 
be anchored for this gesture, but either finger may be 
anchored. This embodiment is illustrated in FIG. 16C. 

0128. In FIG.16C, finger 1 and finger 2 are in contact with 
Surface at the same time. Further, finger 1 and finger 2 may be 
in motion at the same time. Rotating finger 1 and finger 2 as 
illustrated by arrows 1671 and 1673 may result in rotating the 
camera around a target point. The target point may be deter 
mined by extending a screen ray as described for FIGS. 6A-B. 
In examples, the screen ray may be determined based on the 
location of one the fingers, such as the first finger to touch the 
screen. Alternatively, the screen ray may be determined based 
on a midpoint between the fingers. In this way, the target point 
is not covered by one of the user's fingers on the display. 
0129. Once the target point is determined, the camera may 
rotate around the target point. In one embodiment, the camera 
may rotate around the target point by changing an azimuth 
value as described for FIG. 11B. In this way, the camera may 
helicopter around a target point, viewing the target from dif 
ferent perspectives. 
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0.130. In one embodiment, an “invisible' line may be 
determined connecting finger 1 and finger 2. When a user 
rotates finger 1 and 2 as illustrated by arrows 1671 and 1673, 
an angle between the invisible line and the display of the 
mobile device changes as well. When the angle between the 
invisible line and the display of the mobile device changes, an 
azimuth angle relative to a target point may change as well. In 
one embodiment, the azimuth angle may change by the same 
amount, or approximately the same amount, as the angle 
between the invisible line and the display of the mobile 
device. In this way, when a user rotates two fingers on the 
display of the mobile device by 360 degrees, the virtual cam 
era helicopters 360 degrees around the target point. 
I0131 Further, changing a distance between finger 1 and 
finger 2, as illustrated with arrow 1679, may change a range of 
virtual camera, e.g., by Zooming or translating the virtual 
camera. In one example, an invisible line connecting finger 1 
and 2 is determined as described above. When the invisible 
line decreases in length, the camera may move away from a 
target point. Similarly, when the invisible line increases in 
length, the camera may move toward a target point, or vice 
Versa. Changing the range is described above with respect to 
FIGS. 16A-B. Further, a momentum may be applied to con 
tinue the gesture as discussed above. A speed of either the 
rotation, the Zoom, or both may diminish gradually after 
removal offingers based on a speed at end of gesture. 
0.132. In one example operation, the user may rotate finger 
1 and 2 counter-clockwise by 90 degrees and may move finger 
1 and 2 apart. In that example, the virtual camera may heli 
copter around the target point by 90 degrees counter-clock 
wise and may translate closer to the target point. In another 
example operation, the user may rotate finger 1 and 2 clock 
wise by 45 degrees and may move finger 1 and 2 closer 
together. In that example, the virtual camera may helicopter 
around the target point by 45 degrees clockwise and may 
translate away from the target point. 
0.133 By Zooming and rotating in a single user interface 
gesture, embodiments enable a user to navigate easily around 
a target point and to view a target from different perspectives. 

Angular Panning 

I0134. This section describes panning a virtual camera 
through a three dimensional environment on a mobile device. 
In general, a user pans by selecting a position on the view of 
the mobile device with a finger. Based on the selected posi 
tion, a target location is determined. As the user drags his 
finger, the position of the three dimensional model relative to 
the virtual camera moves to follow the target location. This 
may be referred to as a touch-and-draggesture. In an embodi 
ment, the three dimensional model rotates to follow the user's 
finger in response to the touch-and-draggesture. 
I0135 FIG. 17 is a flowchart illustrating a method 1700 for 
panning on a mobile device. Method 1700 begins at step 1702 
with receiving a first and second position selected by a user of 
a mobile device. Selecting the first and second positions is 
illustrated in FIG. 18A.. Each of the first and second position 
may be defined by an X and Y coordinates on the view. FIG. 
18A shows a diagram 1800 illustrating panning on a mobile 
device. Diagram 1800 shows mobile device 100 with view 
102. A user touches a position 1802 with his finger and drags 
his finger to a new position 1804. 
0.136 Based on position 1802 and position 1804, first and 
second target points are determined at step 1704. The first and 
second target points may be determined with rays as 



US 2010/0045666 A1 

described with respect to FIG. 6A-B. If the ray is nearly 
tangential to the three dimensional model, the target point 
may need to be damped as described with respect to FIG. 6B. 
Each target point may be defined by, for example, a latitude, 
longitude, and altitude. Altitude (as the term is meant here) 
may be the distance from the target point to a center of the 
three dimensional model. In an embodiment, the first target 
point is determined by intersecting a ray with the three dimen 
sional model and the second target point is determined by 
intersecting a ray with a virtual Surface sphere. Determining 
the target points is illustrated in FIG. 18B. 
0137 FIG. 18B shows a diagram 1800 with virtual camera 
202 facing three dimensional terrain 210. As mentioned ear 
lier, three dimensional terrain 210 may be a portion of a three 
dimensional model. In an embodiment, the first target point 
(target point 1854) may be determined by extending a ray 
1852 to intersect with the three dimensional model at three 
dimensional terrain 210. Based on target point 1854, a virtual 
sphere surface 1862 is determined. Virtual sphere surface 
1862 may have a center at the center of the three dimensional 
model and may be tangent target point 1854. By intersecting 
a second ray 1864 with virtual sphere surface 1862, a target 
point 1856 is determined. Alternatively, a virtual surface may 
not be used and the second target point may be determined by 
intersecting a ray with the three dimensional model. These 
two points, target point 1854 and target point 1856, form a 
geocentric vector relative to the center of the three dimen 
sional model. 
0138 Referring back to FIG. 17, once the target points are 
determined, a rotation axis is determined at step 1706. To 
compute a rotation axis, cross product between the two target 
points may be determined. Referring to FIG. 18B, the two 
target points may be defined by two vectors V1' and V1. The 
rotation axis is computed by taking the cross product between 
V1' and V1 (V1'xV1). Once the rotation axis is determined, 
the three dimensional model is rotated at step 1708. The three 
dimensional model is rotated by an angle C. determined by 
computing the dot product between the two vectors V1' and 
V1 (C.V1'-V1). A rotation matrix is computed based on the 
angle C. and the rotation axis. Finally, the three dimensional 
model is rotated based on the rotation matrix. 
0.139. Upon the completion of the panning motion, the last 
screen space position of the finger may be recorded. Further, 
the panning motion may continue after the user gesture is 
completed. This gives the feeling to the user that he is spin 
ning a globe. The speed of rotation may decrease gradually to 
simulate friction. 
0140. In this way, a target grabbed by a user with his finger 
follows the user's finger movements. To the user, it may feel 
as if he is touching the planet and manipulating it. Due to the 
size of the view, the first and second positions of the finger 
cannot be too far apart. This limits the speed at which a user 
can pan and improves stability of the pangesture. 
0141. There may be several panning modes. When accel 
erometer navigation is enabled and the mobile device is 
angled below a certain value, a touch-and-draggesture may 
have a different behavior. In that case, while the touch-and 
drag gesture in the vertical direction may cause panning as 
described above with respect FIG. 17, a touch-and-dragges 
ture in the horizontal direction may cause the virtual camera 
to look-around. This is illustrated in FIGS. 19A-C. 
0142 FIG. 19A shows a diagram 1900 illustrating a 
mobile device 1904. Mobile device 1904 has an accelerom 
eter that detects its angle B relative to gravity. When the angle 
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B of the mobile device is above a threshold C., a user can pan 
in all directions as illustrated in diagram 1930 in FIG. 19B. 
When the B of the mobile device is below a threshold C., a 
touch-and-grab gesture to the left and right does not pan, but 
causes the virtual camera to look left and right as illustrated in 
diagram 1960 in FIG. 19C. The virtual camera may look to 
the left and right by changing a yaw value of the virtual 
CaCa. 

CONCLUSION 

0143. Note that in the preceding description embodiments 
have for clarity been described with respect to fingers making 
contact with a touch screen. However, any other object, Such 
as a stylus, may be used as is known to those of skill in the art. 
0144. The Summary and Abstract sections may set forth 
one or more but not all exemplary embodiments of the present 
invention as contemplated by the inventor(s), and thus, are not 
intended to limit the present invention and the appended 
claims in any way. 
0145 The present invention has been described above 
with the aid of functional building blocks illustrating the 
implementation of specified functions and relationships 
thereof. The boundaries of these functional building blocks 
have been arbitrarily defined herein for the convenience of the 
description. Alternate boundaries can be defined so long as 
the specified functions and relationships thereof are appro 
priately performed. 
0146 The foregoing description of the specific embodi 
ments will so fully reveal the general nature of the invention 
that others can, by applying knowledge within the skill of the 
art, readily modify and/or adapt for various applications such 
specific embodiments, without undue experimentation, with 
out departing from the general concept of the present inven 
tion. Therefore, Such adaptations and modifications are 
intended to be within the meaning and range of equivalents of 
the disclosed embodiments, based on the teaching and guid 
ance presented herein. It is to be understood that the phrase 
ology or terminology herein is for the purpose of description 
and not of limitation, such that the terminology or phraseol 
ogy of the present specification is to be interpreted by the 
skilled artisan in light of the teachings and guidance. 
0147 The breadth and scope of the present invention 
should not be limited by any of the above-described exem 
plary embodiments, but should be defined only in accordance 
with the following claims and their equivalents. 
What is claimed is: 
1. A computer-implemented method for navigating a vir 

tual camera in a three dimensional environment on a mobile 
device having a touch screen, comprising: 

(a) receiving a first user input indicating that a first object is 
approximately stationary on a touchscreen of the mobile 
device; 

(b) receiving a second user input indicating that a second 
object has moved on the touch screen; and 

(c) changing an orientation of the virtual camera according 
to the second user input. 

2. The method of claim 1, wherein the receiving (a) com 
prises receiving the first user input 

indicating that a first finger is approximately stationary on 
the touch screen, and 

wherein the receiving (b) comprises receiving the second 
user input indicating that a second finger has moved on 
the touch screen. 

3. The method of claim 2, wherein the receiving (b) 
includes receiving a direction of the second finger's motion. 
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4. The method of claim 3, wherein the changing (c) 
includes changing a yaw of the virtual camera when the 
direction is toward the left or right side of the mobile device. 

5. The method of claim 3, wherein the changing (c) 
includes changing a pitch of the virtual camera when the 
direction is toward the top or bottom of the mobile device. 

6. The method of claim 2, further comprising: 
(d) receiving an orientation of the mobile device from an 

accelerometer of the mobile device; and 
(e) changing an orientation of the virtual camera according 

to the orientation of the mobile device. 
7. The method of claim 2, wherein the changing (c) com 

prises changing the orientation of the virtual camera when a 
position of the first finger is initially below a position of the 
second finger, further comprising: 

(d) determining a target location in the three dimensional 
environment; and 

(e) changing a position of the virtual camera according to 
the second user input when the position of the first finger 
is above the position of the second finger, wherein a 
distance between the target location and the position of 
the virtual camera stays approximately constant. 

8. The method of claim 1, further comprising: 
(d) determining an axis of the virtual camera based on the 

first user input, and 
wherein the changing (c) comprises rotating the virtual 

camera about the axis. 
9. A system for navigating a virtual camera in a three 

dimensional environment on a mobile device, comprising: 
a touch receiver that receives a first user input indicating 

that a first object is approximately stationary on a touch 
screen of the mobile device and receives a second user 
input indicating that a second object has moved on the 
touch screen; and 

a look around module that changes an orientation of the 
virtual camera according to the second user input. 

10. The system of claim 9, wherein the first and second 
objects are fingers. 

11. The system of claim 10, wherein the second user input 
includes a direction of the second finger's motion. 

12. The system of claim 10, wherein the look around mod 
ule changes a yaw of the virtual camera when the direction is 
toward the left or right side of the mobile device. 

13. The system of claim 10, wherein the look around mod 
ule changes a pitch of the virtual camera when the direction is 
toward the top or bottom of the mobile device. 

14. The system of claim 10, further comprising: 
an accelerometer that receives an orientation of the mobile 

device from an accelerometer of the mobile device; and 
a navigation module that changes an orientation of the 

virtual camera according to the orientation of the mobile 
device. 

15. The system of claim 10, wherein the look around mod 
ule changes the orientation of the virtual camera when a 
position of the first finger is above a position of the second 
finger, further comprising: 

a target module that determines a target location in the 
three dimensional environment; and 

a helicopter module that changes a position of the virtual 
camera according to the second user input when the 
position of the first finger is below the position of the 
second finger, wherein a distance between the target 
location and the position of the virtual camera stays 
approximately constant. 
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16. A computer-implemented method for navigating a vir 
tual camera in a three dimensional environment on a mobile 
device having a touch screen, comprising: 

(a) receiving a first user input indicating that a first object is 
approximately stationary on a touchscreen of the mobile 
device; 

(b) receiving a second user input indicating that a second 
object has moved on the touch screen; 

(c) determining a target location in the three dimensional 
environment; and 

(d) changing a position of the virtual camera according to 
the second user input, wherein a distance between the 
target location and the position of the virtual camera 
stays approximately constant. 

17. The method of claim 16, wherein the receiving (a) 
comprises receiving the first user input 

indicating that a first finger is approximately stationary on 
the touch screen, and 

wherein the receiving (b) comprises receiving the second 
user input indicating that a second finger has moved on 
the touch screen. 

18. The method of claim 17, wherein the receiving (b) 
includes receiving a direction of the second finger's motion. 

19. The method of claim 18, wherein the changing (d) 
includes changing an azimuth relative to a vector directed 
upwards from the target when the direction is toward the left 
or right of the mobile device. 

20. The method of claim 18, wherein the changing (d) 
includes changing a tilt relative to a vector directed upwards 
from the target when the direction is toward the top or bottom 
of the mobile device. 

21. The method of claim 17, further comprising: 
(e) receiving an orientation of the mobile device from an 

accelerometer of the mobile device; and 
(f) changing a position of the virtual camera according to 

the second orientation of the mobile device, wherein a 
distance between the target location and the position of 
the virtual camera stays approximately constant. 

22. The method of claim 17, wherein the changing (d) 
comprises changing the position of the virtual camera when 
the position of the first finger is initially above the position of 
the second finger, further comprising: 

(e) changing an orientation of the virtual camera according 
to the second user input when the position of the first 
finger is below the position of the second finger. 

23. The method of claim 17, wherein the determining (c) 
comprises determining the target location based on a position 
of the first finger on the touch screen. 

24. The method of claim 23, wherein the determining (c) 
further comprises damping the target location when the posi 
tion of the first finger is close to the horizon. 

25. The method of claim 17, wherein the determining (c) 
comprises determining: 

(i) extending a ray based on a position of the virtual camera 
and a position of the finger, and 

(ii) intersecting the ray with a three dimensional model in 
the three dimensional environment to determine the tar 
get location. 

26. The method of claim 17, further comprising: 
(e) determining a speed to move for the virtual camera 

based on the second input; and wherein the changing (d) 
comprises changing the position of the virtual camera at 
the speed determined in (e) after movement of the sec 
ond object is complete. 
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27. The method of claim 26, further comprising: 
(f) slowing the virtual camera gradually. 
28. A system for navigating a virtual camera in a three 

dimensional environment on a mobile device, comprising: 
a touch receiver that receives a first user input indicating 

that a first object is approximately stationary on a touch 
Screen of the mobile device and a second user input 
indicating that a second object has moved on the touch 
Screen; 

a target module that determines a target location in the 
three dimensional environment; and 

a helicopter module that changes a position of the virtual 
camera according to the second user input, wherein a 
distance between the target location and the position of 
the virtual camera stays approximately constant. 

29. The system of claim 28, wherein the first and second 
objects are fingers. 

30. The system of claim 29, wherein the second user input 
includes a direction of the second finger's motion. 

31. The system of claim 30, wherein the helicopter module 
changes an azimuth relative to a vector directed upwards from 
the target when the direction is toward the left or right of the 
mobile device. 

32. The system of claim 30, wherein the helicopter module 
changes a tilt relative to a vector directed upwards from the 
target when the direction is toward the top or bottom of the 
mobile device. 

33. The system of claim 29, further comprising: 
an accelerometer that receives an orientation of the mobile 

device the mobile device; and 
a navigation module that changes a position of the virtual 

camera according to the second user input, wherein a 
distance between the target location and the position of 
the virtual camera stays approximately constant. 

34. The system of claim 29, wherein the helicopter module 
changes the position of the virtual camera when the position 
of the first finger is above the position of the second finger, 
and further comprising: 

a helicopter module that changes an orientation of the 
virtual camera according to the second user input when 
the position of the first finger is below the position of the 
second finger. 

35. The system of claim 29, wherein the target module 
determines the target location based on a position of the first 
finger on the touch screen. 

36. The system of claim 35, wherein the target module 
damps the target location when the position of the first finger 
is close to the horizon. 

37. The system of claim 29, wherein the target module 
extends a ray based on a position of the virtual camera and a 
position of the finger and intersects the ray with the three 
dimensional environment to determine the target location. 

38. A computer-implemented method for navigating a vir 
tual camera in a three dimensional environment on a mobile 
device having a touch screen, comprising: 

(a) receiving a first user input indicating that a first object is 
approximately stationary on a touchscreen of the mobile 
device; 

(b) receiving a second user input indicating that a second 
object has moved on the touch screen; 

(c) determining a target location in the three dimensional 
environment; 

(d) changing a tilt value of the virtual camera relative to a 
vector directed upwards from the target location; and 
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(e) changing an azimuth value of the virtual camera relative 
to the vector directed upwards from the target location. 

39. A computer-implemented method for navigating a vir 
tual camera in a three dimensional environment on a mobile 
device having a touch screen, comprising: 

(a) receiving a first user input indicating that a first object 
has touched a first point on a touch screen of a mobile 
device; 

(b) receiving a second user input indicating that a second 
object has touched a second point on the touch screen 
after the first object touched the first point on the screen; 
and 

(c) determining a navigation mode from a plurality of 
navigation modes based on the position of the first point 
relative to the second point. 

40. The method of claim 39, wherein the determining (c) 
comprises determining the navigation mode from the plural 
ity of navigation modes, wherein the plurality of navigation 
modes includes a first navigation mode that changes the Vir 
tual camera's position and a second navigation mode that 
changes the virtual camera's orientation. 

41. A computer-implemented method for navigating a vir 
tual camera in a three dimensional environment on a mobile 
device having a touch screen, comprising: 

(a) receiving a first user input indicating that a first object 
has touched a first point on a touch screen of a mobile 
device; 

(b) receiving a second user input indicating that a second 
object has touched a second point on the touch screen 
after the first object touched the first point on the screen; 
and 

(c) determining a navigation mode from a plurality of 
navigation modes based on the position of the first point 
relative to the second point. 

42. A computer-implemented method for navigating a vir 
tual camera in a three dimensional environment on a mobile 
device having a touch screen, comprising: 

(a) receiving a user input indicating that two objects have 
touched the touchscreen of a mobile device and the two 
objects have moved on the touch screen approximately 
the same distance in approximately the same direction; 

(b) determining motion data representing motion of the 
two objects on the touch screen; and 

(c) changing an orientation of the virtual camera according 
to the motion data determined in (b). 

43. The method of claim 42, the determining (b) comprises 
determining vector representing motion of the two objects on 
the touch screen. 

44. The method of claim 43, wherein the changing (c) 
comprises: 

(i) changing a yaw of the virtual camera based on a com 
ponent of the vector in on a left-right axis of the mobile 
device. 

45. The method of claim 44, wherein the changing (c) 
further comprises: 

(ii) changing a pitch of the virtual camera based on a 
component of the vector in on an up-down axis of the 
mobile device. 

46. The method of claim 44, wherein further comprising: 
(d) changing a pitch of the virtual camera based on an 

orientation of the mobile device. 
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