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(57) ABSTRACT 

Methods, systems, and apparatus, including computer pro 
grams encoded on a computer storage medium, for provid 
ing binaural navigational cures. In one aspect, a method 
includes presenting audio media in a non-directional play 
back state that presents the audible media in an original 
format, iteratively determining a navigational heading rela 
tive to a current navigational course, the navigational head 
ing indicative of a direction to face to proceed along a 
navigational route, and for each iteration, determining 
whether a change is required to the current navigational 
course based on the navigational heading. For each deter 
mination that a change is not required to the current navi 
gational course, presenting the audio media in the non 
directional playback state, and for each determination that a 
change is required to the current navigational course, chang 
ing the non-directional playback State to a directional play 
back state that presents the audible media in a modified 
format that is directional from the navigational heading. 

21 Claims, 8 Drawing Sheets 
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BINAURAL NAVIGATION CUES 

BACKGROUND 

This specification relates to navigational cues. 
Navigating a city or a space can be frustrating and 

daunting. Recent advances in technology enable naviga 
tional instruction describing how to get from one geographic 
location to another geographic location. Generally, naviga 
tion technology uses the global positioning system (GPS), 
compasses, and maps. More recent technology uses mobile 
devices (e.g., Smart phones, tablets, etc.) with integrated 
GPS, digital maps, and magnetometers. These mobile 
devices allow users to get navigational directions when the 
user is away from their home (e.g., in the car, at the grocery 
store, walking around a city). In addition, many of the 
mobile devices that provide navigational directions give 
notifications of up-coming changes in direction by way of 
audio cues that are Superimposed over audio that is currently 
being provided by the system, e.g., by way of Voice notifi 
cation to turn in a certain direction that is Superimposed over 

S1C. 

SUMMARY 

This specification describes technologies relating to bin 
aural navigation cues. 

In general, one innovative aspect of the Subject matter 
described in this specification can be embodied in methods 
that include the actions of presenting audio media in a 
non-directional playback state that presents the audio media 
in an original format over a plurality of audio channels, 
iteratively determining a navigational heading relative to a 
current navigational course, the navigational heading indica 
tive of a direction to face to proceed along a navigational 
route, and for each iteration, determining whether a change 
is required to the current navigational course based on the 
navigational heading. For each determination that a change 
is not required to the current navigational course, presenting 
the audio media in the non-directional playback stat, and for 
each determination that a change is required to the current 
navigational course, changing the non-directional playback 
state to a directional playback state that presents the audible 
media in a modified format that is directional from the 
navigational heading. Other embodiments of this aspect 
include corresponding systems, apparatus, and computer 
programs, configured to perform the actions of the methods, 
encoded on computer storage devices. 

Particular embodiments of the subject matter described in 
this specification can be implemented so as to realize one or 
more of the following advantages. The systems and methods 
disclosed herein enable directions to be provided to user 
without interrupting playback of a media file. By providing 
binaural navigational cues, the systems and methods offer an 
intuitive mechanism to deliver navigational instructions to a 
user. The binaural navigational cues provides cues in spatial 
relation to a specific destination using spatialized Sound that 
makes the presentation of audio media to appear to be 
originating from a source that is in the direction that the user 
is to be heading. Because people naturally localizing Sound, 
the providing of spatial navigational cues to the user results 
in a lighter cognitive load than when the user is provided 
Vocal or other navigational cues that are Superimposed over 
existing audio. 
The details of one or more embodiments of the subject 

matter described in this specification are set forth in the 
accompanying drawings and the description below. Other 
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2 
features, aspects, and advantages of the Subject matter will 
become apparent from the description, the drawings, and the 
claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A is an illustration of an example binaural cue 
system that provides binaural navigational cues. 

FIG. 1B is an illustration of an example route. 
FIG. 1C is a flow diagram describing a process for 

providing navigational cues when a navigational route is 
mapped. 

FIG. 1D is a flow diagram describing a process for 
providing navigational cues in response to an interaction 
with an interactive digital map. 

FIG. 2A is an illustration of a waypoint region around a 
waypoint and one implementation of providing binaural 
navigational cues. 

FIG. 2B is a flow diagram describing an iterative process 
for determining when to provide navigational cues. 

FIG. 2C is an illustration of a waypoint region around a 
waypoint and another implementation of providing binaural 
navigational cues. 

FIG. 3 is an illustration of a map and another implemen 
tation of providing binaural navigational cues. 

Like reference numbers and designations in the various 
drawings indicate like elements. 

DETAILED DESCRIPTION 

Overview 
Systems and methods for delivering binaural navigational 

cues provide audible navigational directions for a mapped 
navigational route. In some implementations, audio (e.g., 
from a media file) that is presented to a user is modified to 
provide the binaural navigational cues. For example, the 
binaural navigational cues can include modifying the audio 
that is presented to appear to Sound 3-dimensional and 
appear to come from the direction that a user is intended to 
pursue. By spatializing the playback of a media file, the 
present systems and methods can change to a directional 
playback state that presents the audible media such that it 
appears to be presented (e.g., heard) from a specific direc 
tion. 

Providing binaural navigational cues can help users who 
are following a navigational route (e.g., in a vehicle, trav 
eling on foot, etc.) intuitively navigate towards a desired 
destination. The presentation of the audible media does not 
have to be interrupted to notify a user that a change is 
required in a current navigational course. For example, the 
audible media can be presented to a user in the audible 
media's original recorded format (e.g., unmodified from the 
original recording, as presented live, etc.). Upon determin 
ing that a change in the current navigational course is 
required, the present systems and methods modify the play 
back of the audible media to present the audible media as to 
appear as though the Sound is coming from the determined 
navigational heading (e.g., the direction the user should alter 
their current course). 

In some implementations, the binaural navigational cues 
can provide intermittent or constant notifications that enable 
the user to consistently recognize their current position 
relative to a predefined position. In addition, the present 
systems and methods can facilitate providing binaural navi 
gational cues when the user engages an interactive map. For 
example, a user may click on a geographic location on an 
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interactive map and an audible cue may presented to the user 
in the direction of the geographic location. 

These features and other features will be discussed in 
more detail below. 
Example Operating Environment 
FIG. 1A is an illustration of example binaural cue system 

100 that provides binaural navigational cues. The example 
binaural cue system 100 can include a pair of headphones 
102 and a user device 104. Typically a user will be listening 
to audio media by use of the headphones 102 and user device 
104. The audio media may be pre-recorded audio media 
(e.g., podcast, music, movie, etc.), or live broadcast audio 
media (e.g., radio broadcast, television broadcast, etc.). 

Typically, the headphones 102 enable playback of audio 
media to be presented in Stereophonic sound (e.g., Stereo). 
Stereophonic sound enables Sound reproduction that can 
create the appearance of Sound directionality and audible 
perspective. 

In some implementations, the headphones 102 can be a 
Smart set of headphones that include an inertial motion unit 
106. The inertial motion unit includes an accelerometer 110, 
a gyroscope 108, and a compass 112. The Smart headphones 
enable the example binaural cue system to determine head 
orientation and where the user is looking (e.g., heading and 
absolute heading) in real-time. 
The accelerometer 110 can measure proper acceleration. 

The gyroscope 108 can track rotation. Combining the func 
tions of the accelerometer 110 and the gyroscope 108, the 
binaural navigational system 100 can determine the position 
of the binaural navigational system 100, as well as the ability 
to track the system's movement. The compass 112 can 
determine which way the binaural navigational system 100 
is facing with respect to cardinal north. As will be explained 
in more detail below, these inertial motion unit 106, gyro 
scope 108, accelerometer 110 and compass 112 are optional 
and can be omitted. However, if included, these devices can 
further enhance the provisioning of navigational cues using 
the user device 104. 

The user device 104 can be a mobile phone, a tablet, a 
global positioning device with audio playback capabilities, 
or any other suitable device that can provide a digital map 
and audio playback. The user device works together with the 
headphones 102 to present the audio media and binaural 
navigational cues. The user device 104 includes a global 
positioning system (GPS) unit 114 that gives the user device 
104 the ability to use GPS to facilitate the binaural naviga 
tional system's determination of the current geographic 
location of the user device 104. 
The user device includes an audio navigation system 116 

that has the ability to modify the playback of audible media 
from a non-directional playback state to a spatialized play 
back (e.g., directional playback state) of the audible media. 
In some implementations, the audio navigation system 116 
can use a spatialization algorithm to produce a virtual sound 
that can make the Sound appear as if it is coming from any 
direction within 360 degrees around the user. For example, 
the audio navigation system 116 can use a head-related 
transfer function (HRTF) to modify the presentation of audio 
from a non-directional playback state to a directional play 
back state, as will be described in more detail below. The 
HRTF characterizes how a user perceives sound for a given 
point in space. 
An example use case of the system 100 is described with 

reference to FIG. 1B, which illustrates an example naviga 
tional route. FIG. 1B is also described in the context of FIG. 
1C, which is a flow diagram describing a process 180 for 
providing navigational cues when a navigational route is 
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4 
mapped. The map 150 may be, for example, a digital map 
used to map and give directions for a navigational route from 
one location to a destination. For example, a user may decide 
to walk from home 152 to a theater 162. 
The user can input the start point as the user's home 152 

address and the destination as the theater 162 address. 
Typically, the digital map 100 will determine the best 
navigational route (e.g., fastest route, shortest route, etc.) to 
travel from the home 152 to the theater 162. As illustrated 
in FIG. 1B, the navigational route 153 is determined to have 
a change in navigational heading at four different locations 
(e.g., waypoints) 1, 2, 3, and 4 before ending at the theater 
162. 
The user then begins her walk to the theater 162. At this 

time, for example, the user device presents the audio media 
in a non-directional playback State (182). A non-directional 
playback State is a state in which the audio media is 
presented in an original format over two or more audio 
channels, and is not directionally related to the user's route. 
Thus, while stereo audio may be perceived to have direc 
tional sources, such as a bass predominantly weighted on 
one channel, for example, the directional sources are non 
directional in the sense that they are presented according to 
the original recording or reception, and not modified to 
signal a navigational cue. 

In some implementations, each waypoint 1, 2, 3, 4 can 
have a respectively associated waypoint region 154-160 that 
is used to determine when to begin providing a binaural 
navigational cue to indicate an upcoming change in navi 
gational heading as determined by the binaural navigational 
cue system 100. Further details regarding different imple 
mentations of providing navigational cues upon entering a 
waypoint region 154-160 will be described in further detail 
in connection with FIGS. 2A, 2B, and 2C. 

Using the GPS unit 114 within the user device and signals 
received from the inertial motion unit 106, the user device 
can determine current geographical location 164 and current 
navigational heading 166. Based on the determination of the 
current geographical location and the current navigational 
heading, the binaural navigational cue system 100 can 
determine whether a change to the current navigational 
course is necessary. 
As the user navigates along the navigational route towards 

the waypoint 1, the binaural navigational system iteratively 
determines a navigational heading relative to a current 
navigational course, the navigational heading indicative of a 
direction to face to proceed along a navigational route (184). 
For example, every n seconds, e.g., n=2, or Some other time 
period, the system 100 determines the user's heading and 
location relative to the navigation course 153. For each 
determination, the system also determines whether a change 
is required to the current navigational course based on the 
navigational heading (186). 

In this example, if the user has not reached waypoint 1 at 
the intersection 168, the binaural navigational cue system 
100 determines that the user is to continue along the current 
navigational course. For example, each determination that a 
change is not required to the current navigational course 
results in continuation presentation the audio media in the 
non-directional playback state (182). 

If the user has reached waypoint 1 at the intersection 168 
(or another waypoint position along the route where a 
change in navigational course is necessary to proceed along 
the navigational route), the binaural navigational system 
indicates a determined navigational heading. For example, 
for each determination that a change is required to the 
current navigational course, the system 100 changes the 
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non-directional playback State to a directional playback State 
that presents the audible media in a modified format so that 
playback is directional from the navigational heading (188). 
In some implementations, the modified format is achieved 
by modulating a sound level of at least one of the audio 
channels. In other implementations, a head-related transfer 
function (HRTF) is used to modify the presentation of audio 
from a non-directional playback state to a directional play 
back state. Other appropriate modifications of the audio can 
be used to cause the audio to have a directionality from the 
navigational heading. A change in the current navigational 
course can include changing a current navigational heading 
to a determined navigational heading and proceeding for 
ward along the determined navigational heading. For 
example, assume the user is walking east and reaches the 
way point 1. A determined navigational heading would thus 
be 90 degrees in the left direction from the current naviga 
tional heading (i.e., a left turn, so that the user is heading 
north). Thus, the user would receive a binaural navigational 
cue as an instruction to change headings 90 degrees in a left 
direction. The playback of the audio media file would 
change from the non-directional playback state to the direc 
tional playback state. To indicate a change in heading that is 
90 degrees left, the directional playback state may modify 
the playback of the audio media to only play in the left ear 
of the headphones 102, indicating for the user to turn left. 

In some implementations in which only a GPS system is 
used, route corrections may not be sensed until the user has 
taken several steps in the new direction. Once the user's new 
route is determined, the presentation of audio will resume to 
the non-directional state if the user is heading in the direc 
tion of the navigational route. Alternatively, if the user is not 
heading in the correct direction, then the audio is again 
adjusted to indicate the route correction. In some implemen 
tations, when a user is heading in a direction 180 degrees 
from a current route, the audio presentation may paused or 
shut off to indicate the user is required to turn around to head 
in the correct direction. 

In implementations in which the system 100 can deter 
mine a user's current facing, e.g., by using gyroscopic and 
inertia sensors, navigational cue may be adjusted more 
quickly. For example, if a user becomes confused about the 
direction in which she needs to be heading, she can pause 
and slowly turn until she determines the correct heading 
from the changing navigation cues. 

In some implementations, the user's distance from a route 
may also result in a navigational cue, even if the user is 
heading in a correct direction. For example, in FIG. 1B, the 
user symbol 164' indicates the user has strayed from the path 
153 by at least a threshold distance D. Once the user's 
location is at least a distance D from the path 153, the system 
100 causes the user device to present audio in a directional 
state to correct the user's course. The navigational cue may 
in the form of an absolute correction that indicates the 
shortest path the user must take to get back on course, as 
indicated by the user symbol 164". Alternatively, the system 
100 may instead calculate a new route and resume naviga 
tion from the user's current location on the new route. 

In some implementations, the map 150 of FIG. 1B can be 
displayed on the user device 104 as an interactive map that 
can have items highlighted, marked, the map moved, etc. by 
the touch of a user's finger. 

In some implementations, upon the user interacting with 
the map 150 by touching a location on the screen of the user 
device 104, the binaural navigational cue system 100 can 
provide binaural cues indicating the navigational heading of 
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6 
the location. The binaural navigational system can provide 
an audible cue that appears to come from the direction that 
the location is positioned. 

In some implementations, the system 100 can provide a 
navigational cue that indicates a straight line direction from 
a user's current location to a destination location. For 
example, in FIG. 1B, the line 155 indicates a direction to a 
location from the user's current position. The general direc 
tion can be sensed by, for example, interacting with the 
digital map by pressing on a destination location. 

FIG. 1D is a flow diagram 190 describing a process for 
providing navigational cues in response to an interaction 
with an interactive digital map. For example, the binaural 
navigational system receives an indication of an interaction 
with a geographical location depicted on the interactive map 
(192). Here, the user may press on the theater 162 location. 
Upon receiving the indication of the user interaction, the 
binaural navigational cue system determines a direct navi 
gational heading from the current location of the geographic 
location (194). For example, given the user's current posi 
tion, the system 100 determines the theater 162 is located in 
the direction of the line 155, e.g., at a heading of approxi 
mate 70 degrees from absolute North. The binaural naviga 
tional system 100 changes the non-directional playback State 
to a directional playback state that presents the audible 
media in a modified format that modulates a sound level of 
at least one of the audio channels so that playback is 
directional from the direct navigational heading (196). In 
Some instances, this can help users who are walking deter 
mine where they are and which direction they are facing 
relative to a potential known landmark. 

In the example above, the navigational cues occurred 
when the user was near a waypoint. However, in some 
implementations, navigational cues may begin when a user 
enters a waypoint region that Surrounds a waypoint. As a 
user proceeds along a navigational route and upon entering 
a waypoint region, the binaural navigational cue system 100 
recognizes that the user device 104 is within the waypoint 
region, and begins to provide binaural cues indicating a 
necessary change in navigational heading is approaching. 

FIG. 2A is an illustration of a waypoint region 154 around 
a waypoint 230 and one implementation of providing bin 
aural navigational cues. In this implementation, the binaural 
navigational cue system 100 gradually modifies the audio 
media playback in the determined navigational headings 
direction to assist the user in knowing when the change in 
the navigational heading is required. The amount of modi 
fication is dependent on the user's position within the 
waypoint region and relative to the waypoint. The radius of 
the waypoint region can be fixed, e.g., 10 meters, or can be 
set to a value specified by the user. 

For example, once the user is within the waypoint region 
154, the binaural navigational cue system 100 iteratively 
modifies the direction the audio media is perceived as the 
user gets closer to the waypoint, which is the center of the 
waypoint region 154. The process illustrated in FIG. 2B of 
modifying the audio as a user traverses a waypoint region is 
a flow diagram 240 describing an iterative process for 
determining when to provide navigational cues, will be 
discussed in connection with FIG. 2A. 

In this instance, a user, who is presented with audio media 
utilizing the user device 104, is in an initial position 202, 
which is outside of the waypoint region 154, with an 
example current heading of 90 degrees. 
The binaural navigational system 100 determines whether 

a current position is within a waypoint region 154 (242). At 
the initial position 202, the current position is outside of the 
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waypoint region 154 (244). Thus, the binaural navigational 
system 100 determines that a change to the current naviga 
tional course is not required (246). Audio is thus presented 
in a non-directional format. At the next iteration, the bin 
aural navigational system 100 determines again whether a 
current position is within a waypoint region 154 (242). The 
process 240 continues as the user walks eastward. 
As the user proceeds to the second position 204, the 

binaural navigational cue system 100 determines whether a 
current position is within a waypoint region 154 (242). At 
the second position 202, the current position is inside of the 
waypoint region 154 (244) and the binaural navigational cue 
system 100 determines that a change to the navigational 
course is required (248). Accordingly, the binaural naviga 
tional cue system 100 modifies the playback state of the 
audio media to the directional playback state. With the 
current position within the waypoint region 154, the binaural 
navigational system 100 iteratively changes the navigational 
heading based on a changing of the current position in the 
waypoint region 154 (249). 

At the second position 204, the determined navigational 
heading is approximately 30 degrees 214. Thus, the binaural 
navigational is the audio media being played in the direc 
tional playback state such that the audio media is perceived 
to appear as though the source of the audio file is 30 degrees 
north relative to the 90 degree navigational heading, e.g., 60 
degrees from true north. 
As the current position approaches the left-hand turn 224 

and the current navigational course has not changed. Such 
that the current navigational course is still proceeding in the 
direction of 90 degrees, the determined navigational heading 
continues to increase towards the determined 90 degree 
navigational heading 218. For example, at the third position 
206, the determined navigational heading is 50 degrees 216. 
Thus, the audio file is still in the directional playback state 
and the source of the audio file is perceived to come from 50 
degrees north relative to the 90 degree navigational heading. 
As the current position reaches the fourth position 208, 

the determined navigational heading is 90 degrees 218. The 
audio media will appear to be played back from the 90 
degree navigational heading 218. In some instances, the 
playback may only be played in the left ear of the head 
phones 102. In other instances, the playback may be louder 
in the left ear and seem distant in the right ear. The 
appearance of the audio media playback originating from 
Some point in space 90 degrees counter-clockwise indicates 
to the user to make a left-hand turn 224 at that intersection. 

If the user continued on to the fifth position 210 or the six 
position 212, the navigational heading would modify to 
directions 220 and 222, respectively. The directional state of 
playback would modify the audio media to sound as if it 
were coming from 120 degrees or 150 degrees which would 
appear to be behind the head of the user. Playing the audio 
media to appear as if it were coming from behind the user 
indicates that the determined navigation heading to continue 
along the navigational route was passed and is now behind 
the current position. 
Once the binaural navigational cue system 100 determines 

that the current navigational course is following the deter 
mined navigational heading, as in position eight 214, the 
audio may be again presented in a non-directional State. In 
other implementations, the binaural navigational cue system 
100 may set an absolute direction (e.g., magnetic north) as 
0 degrees and determine Subsequent navigational headings 
from 0-360 degrees relative to 0 degrees consistently being 
defined by the absolute direction. 
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In some implementations, the binaural navigational cue 

may be an audible voice that dictates the intended direction 
to the user with the Sound of the voice appearing to come 
from the determined navigational heading. For example, the 
binaural navigational system 100, in response to determin 
ing the navigational heading, can provide a directional voice 
that describes the manner in which to alter the current 
navigational course in the direction of the navigational 
heading and that is directional from the navigational head 
ing. 

Providing binaural navigational cues when the current 
position enters a waypoint region indicates to the user that 
a change in the navigational course is approaching. If the 
playback state remains in the non-directional playback State 
(i.e., the audio media is being presented in its original 
format), the user understands that the current navigational 
course is correct. If the user changes the navigational 
heading without indication from the binaural navigational 
cue system, the playback State can change to the directional 
playback State to correct the navigational course and/or 
navigational heading back to the proper navigational route. 

FIG. 2C is an illustration of a waypoint region 154 around 
a waypoint 230 and another implementation of providing 
binaural navigational cues. Similar to FIG. 2A, the initial 
position 252 is outside of the waypoint region and the 
current navigational heading is described as 90 degrees. 
Likewise, the binaural navigational system 100 is in the 
non-directional playback State, where the audio music is 
presented in its original format. 
As the current position moves to the second position 254, 

which is inside of the waypoint region 154. The determined 
navigational heading 262 is 90 degrees. Accordingly, the 
binaural navigational cue system 100 modifies the playback 
state of the audio media from the non-directional playback 
state to the directional playback state. Modifying the play 
back state presents the audio media to the user Such that the 
audio media appears to originate from a point in space 90 
degrees counter-clockwise from the initial position's navi 
gational heading (e.g., originating from 0 degrees, or true 
north). 

In this implementation, presenting the media appearing to 
originate from a source that is north indicates that the user 
is to take the next left-hand turn 224. As shown in FIG. 2C, 
as the current position progresses to the third and fourth 
position 256 and 258, the determined navigational heading 
264 and 266 remain 90 degrees counter-clockwise which 
continues to indicate the user of the determined change of 
navigational heading is approaching. 

FIG. 3 is an illustration of a map 300 and another 
implementation of providing binaural navigational cues. The 
binaural navigational cue system 100 presents an audible 
sound in addition to the presentation of the audible media, 
where the audible sound is directional from a cardinal 
direction to which the current navigational course is relative. 
The audible sound can indicate the position of a known 
cardinal direction (e.g., north, South, east, west, etc.) or 
geographic location (e.g., a known landmark, the user's 
home, etc.). For example, an audible sound can be presented 
to the user such that the sound is perceived to come from the 
direction of north 302. 
The audible sound can be a distinct sound that is audibly 

different than the audio file that is presented to the user (e.g., 
a low hum, a buZZ, a beep, etc.). In some implementations, 
the audible Sound is presented intermittently according to a 
predetermined time interval. For example, the audible sound 
can be presented every 30 seconds, 1 minute, 15 seconds, at 
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the end of a song, etc. In other implementations, the audible 
Sound can be played constantly under the playback of the 
audio media. 

FIG. 3 shows a user that can be in the initial position 304 
and cardinal north 302. Accordingly, the user hears an 
audible sound that is perceived to come from the same 
direction 312 as cardinal north 302. As the user proceeds to 
the second and third position 306, 308, the audible sound is 
still perceived to come from the same direction 314, 316, 
which would be to the user's left or 90 degrees relative to the 
user. Upon the user changing navigational course and navi 
gational heading, as shown at the fourth position 310, the 
audible sound is still coming from the same direction 318, 
but due to the change in navigational heading the Sound 
appears to come from behind the user or at 180 degrees 
relative to the user. 

In situations in which the systems discussed here collect 
personal information about users, or may make use of 
personal information, the users may be provided with an 
opportunity to control whether applications or features col 
lect user information (e.g., information about a user's Social 
network, social actions or activities, profession, a user's 
preferences, or a user's current location), or to control 
whether and/or how to receive content that may be more 
relevant to the user. In addition, certain data may be treated 
in one or more ways before it is stored or used, so that 
personally identifiable information is removed. For 
example, a user's identity may be treated so that no person 
ally identifiable information can be determined for the user, 
or a user's geographic location may be generalized where 
location information is obtained (such as to a city, ZIP code, 
or state level), so that a particular location of a user cannot 
be determined. Thus, the user may have control over how 
information is collected about the user and used by a content 
SeVe. 

Embodiments of the subject matter and the operations 
described in this specification can be implemented in digital 
electronic circuitry, or in computer Software, firmware, or 
hardware, including the structures disclosed in this specifi 
cation and their structural equivalents, or in combinations of 
one or more of them. Embodiments of the subject matter 
described in this specification can be implemented as one or 
more computer programs, i.e., one or more modules of 
computer program instructions, encoded on computer Stor 
age medium for execution by, or to control the operation of 
data processing apparatus. 
A computer storage medium can be, or be included in, a 

computer-readable storage device, a computer-readable Stor 
age Substrate, a random or serial access memory array or 
device, or a combination of one or more of them. Moreover, 
while a computer storage medium is not a propagated signal, 
a computer storage medium can be a source or destination of 
computer program instructions encoded in an artificially 
generated propagated signal. The computer storage medium 
can also be, or be included in, one or more separate physical 
components or media (e.g., multiple CDs, disks, or other 
storage devices). 
The operations described in this specification can be 

implemented as operations performed by a data processing 
apparatus on data stored on one or more computer-readable 
storage devices or received from other sources. 
The term “data processing apparatus' encompasses all 

kinds of apparatus, devices, and machines for processing 
data, including by way of example a programmable proces 
Sor, a computer, a system on a chip, or multiple ones, or 
combinations, of the foregoing. The apparatus can include 
special purpose logic circuitry, e.g., an FPGA (field pro 
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10 
grammable gate array) or an ASIC (application-specific 
integrated circuit). The apparatus can also include, in addi 
tion to hardware, code that creates an execution environment 
for the computer program in question, e.g., code that con 
stitutes processor firmware, a protocol stack, a database 
management system, an operating system, a cross-platform 
runtime environment, a virtual machine, or a combination of 
one or more of them. The apparatus and execution environ 
ment can realize various different computing model infra 
structures, such as web services, distributed computing and 
grid computing infrastructures. 
A computer program (also known as a program, Software, 

Software application, Script, or code) can be written in any 
form of programming language, including compiled or 
interpreted languages, declarative or procedural languages, 
and it can be deployed in any form, including as a stand 
alone program or as a module, component, Subroutine, 
object, or other unit Suitable for use in a computing envi 
ronment. A computer program may, but need not, correspond 
to a file in a file system. A program can be stored in a portion 
of a file that holds other programs or data (e.g., one or more 
Scripts stored in a markup language document), in a single 
file dedicated to the program in question, or in multiple 
coordinated files (e.g., files that store one or more modules, 
Sub-programs, or portions of code). A computer program can 
be deployed to be executed on one computer or on multiple 
computers that are located at one site or distributed across 
multiple sites and interconnected by a communication net 
work. 
The processes and logic flows described in this specifi 

cation can be performed by one or more programmable 
processors executing one or more computer programs to 
perform actions by operating on input data and generating 
output. The processes and logic flows can also be performed 
by, and apparatus can also be implemented as, special 
purpose logic circuitry, e.g., a FPGA (field programmable 
gate array) or an ASIC (application-specific integrated cir 
cuit). 

Processors suitable for the execution of a computer pro 
gram include, by way of example, both general and special 
purpose microprocessors, and any one or more processors of 
any kind of digital computer. Generally, a processor will 
receive instructions and data from a read-only memory or a 
random access memory or both. The essential elements of a 
computer are a processor for performing actions in accor 
dance with instructions and one or more memory devices for 
storing instructions and data. Generally, a computer will also 
include, or be operatively coupled to receive data from or 
transfer data to, or both, one or more mass storage devices 
for storing data, e.g., magnetic, magneto-optical disks, or 
optical disks. However, a computer need not have Such 
devices. Moreover, a computer can be embedded in another 
device, e.g., a mobile telephone, a personal digital assistant 
(PDA), a mobile audio or video player, a game console, a 
Global Positioning System (GPS) receiver, or a portable 
storage device (e.g., a universal serial bus (USB) flash 
drive), to name just a few. Devices suitable for storing 
computer program instructions and data include all forms of 
non-volatile memory, media and memory devices, including 
by way of example semiconductor memory devices, e.g., 
EPROM, EEPROM, and flash memory devices; magnetic 
disks, e.g., internal hard disks or removable disks; magneto 
optical disks; and CD-ROM and DVD-ROM disks. The 
processor and the memory can be Supplemented by, or 
incorporated in, special purpose logic circuitry. 
To provide for interaction with a user, embodiments of the 

Subject matter described in this specification can be imple 



US 9,464,912 B1 
11 

mented on a computer having a display device, e.g., a CRT 
(cathode ray tube) or LCD (liquid crystal display) monitor, 
for displaying information to the user and a keyboard and a 
pointing device, e.g., a mouse or a trackball, by which the 
user can provide input to the computer. Other kinds of 
devices can be used to provide for interaction with a user as 
well; for example, feedback provided to the user can be any 
form of sensory feedback, e.g., visual feedback, auditory 
feedback, or tactile feedback; and input from the user can be 
received in any form, including acoustic, speech, or tactile 
input. In addition, a computer can interact with a user by 
sending documents to and receiving documents from a 
device that is used by the user; for example, by sending web 
pages to a web browser on a users user device in response 
to requests received from the web browser. 

Embodiments of the subject matter described in this 
specification can be implemented in a computing system that 
includes a back-end component, e.g., as a data server, or that 
includes a middleware component, e.g., an application 
server, or that includes a front-end component, e.g., a user 
computer having a graphical user interface or a Web browser 
through which a user can interact with an implementation of 
the Subject matter described in this specification, or any 
combination of one or more such back-end, middleware, or 
front-end components. The components of the system can be 
interconnected by any form or medium of digital data 
communication, e.g., a communication network. Examples 
of communication networks include a local area network 
(“LAN”) and a wide area network (“WAN”), an inter 
network (e.g., the Internet), and peer-to-peer networks (e.g., 
ad hoc peer-to-peer networks). 
The computing system can include users and servers. A 

user and server are generally remote from each other and 
typically interact through a communication network. The 
relationship of user and server arises by virtue of computer 
programs running on the respective computers and having a 
user-server relationship to each other. In some embodiments, 
a server transmits data (e.g., an HTML page) to a user device 
(e.g., for purposes of displaying data to and receiving user 
input from a user interacting with the user device). Data 
generated at the user device (e.g., a result of the user 
interaction) can be received from the user device at the 
SeVe. 

While this specification contains many specific imple 
mentation details, these should not be construed as limita 
tions on the scope of any features or of what may be claimed, 
but rather as descriptions of features specific to particular 
embodiments. Certain features that are described in this 
specification in the context of separate embodiments can 
also be implemented in combination in a single embodi 
ment. Conversely, various features that are described in the 
context of a single embodiment can also be implemented in 
multiple embodiments separately or in any suitable Subcom 
bination. Moreover, although features may be described 
above as acting in certain combinations and even initially 
claimed as such, one or more features from a claimed 
combination can in Some cases be excised from the combi 
nation, and the claimed combination may be directed to a 
Subcombination or variation of a Subcombination. 

Similarly, while operations are depicted in the drawings in 
a particular order, this should not be understood as requiring 
that such operations be performed in the particular order 
shown or in sequential order, or that all illustrated operations 
be performed, to achieve desirable results. In certain cir 
cumstances, multitasking and parallel processing may be 
advantageous. Moreover, the separation of various system 
components in the embodiments described above should not 
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12 
be understood as requiring such separation in all embodi 
ments, and it should be understood that the described 
program components and systems can generally be inte 
grated together in a single Software product or packaged into 
multiple software products. 

Thus, particular embodiments of the subject matter have 
been described. Other embodiments are within the scope of 
the following claims. In some cases, the actions recited in 
the claims can be performed in a different order and still 
achieve desirable results. In addition, the processes depicted 
in the accompanying figures do not necessarily require the 
particular order shown, or sequential order, to achieve 
desirable results. In certain implementations, multitasking 
and parallel processing may be advantageous. 

What is claimed is: 
1. A computer-implemented method, comprising: 
presenting audio media in a non-directional playback state 

that presents an audio media in an original format over 
a plurality of audio channels, wherein the presentation 
in the original format over the plurality of channels is 
not directionally related to a navigational route; 

iteratively determining a navigational heading relative to 
a current navigational course, the navigational heading 
indicative of a direction to face to proceed along the 
navigational route, and for each iteration, determining 
whether a change is required to the current navigational 
course based on the navigational heading: 

for each determination that a change is not required to the 
current navigational course, presenting the audio media 
in the non-directional playback State; and 

for each determination that a change is required to the 
current navigational course, changing the non-direc 
tional playback State to a directional playback state that 
presents the audio media in a modified format that is 
directional from the navigational heading. 

2. The computer-implemented method of claim 1, further 
comprising presenting an audible Sound in addition to the 
presentation of the audio media, where the audible sound is 
directional from a cardinal direction to which the current 
navigational course is relative. 

3. The computer-implemented method of claim 2, 
wherein the audible sound is presented intermittently 
according to a predetermined time interval. 

4. The computer-implemented method of claim 1, further 
comprising, in response to determining the navigational 
heading, providing a directional Voice that describes a 
manner in which to alter the current navigational course in 
the direction of the navigational heading and that is direc 
tional from the navigational heading. 

5. The computer-implemented method of claim 1, 
wherein the audio media comprises pre-recorded audio 
media. 

6. The computer-implemented method of claim 1, 
wherein the audio media comprises live broadcast audio 
media. 

7. The computer-implemented method of claim 1, further 
comprising: 

receiving an indication of an interaction with a geographi 
cal location depicted on an interactive map: 

determining a direct navigational heading from a current 
location of the geographic location; and 

changing the non-directional playback state to a direc 
tional playback state that presents the audio media in a 
modified format that modulates a sound level of at least 
one of the audio channels so that playback is directional 
from the direct navigational heading. 
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8. The computer-implemented method of claim 1, 
wherein iteratively determining the navigational heading 
relative to the current navigational course, comprises, for 
each iteration: 

determining whether a current position is within a way 
point region; 

if the current position is not within the waypoint region, 
determining that the change is not required to the 
current navigational course; and 

if the current position is within the waypoint region, 
determining that the change is required to the current 
navigational course. 

9. The computer-implemented method of claim 8. 
wherein when the current position is within the waypoint 
region, iteratively changing the navigational heading based 
on a changing of the current position in the waypoint region. 

10. The computer-implemented method of claim 1, 
wherein the modified format comprises modulating a sound 
level of at least one of the audio channels. 

11. A system, comprising: 
a processing apparatus configured to: 

present audio media in a non-directional playback state 
that presents an audio media in an original format 
over a plurality of audio channels, wherein the 
presentation in the original format over the plurality 
of channels is not directionally related to a naviga 
tional route; 

iteratively determine a navigational heading relative to 
a current navigational course, the navigational head 
ing indicative of a direction to face to proceed along 
the navigational route, and for each iteration, deter 
mining whether a change is required to the current 
navigational course based on the navigational head 
ing: 

for each determination that a change is not required to 
the current navigational course, present the audio 
media in the non-directional playback state; and 

for each determination that a change is required to the 
current navigational course, change the non-direc 
tional playback state to a directional playback state 
that presents the audible media in a modified format 
that is directional from the navigational heading. 

12. The system of claim 11, further comprising presenting 
an audible sound in addition to the presentation of the audio 
media, where the audible sound is directional from a cardi 
nal direction to which the current navigational course is 
relative. 

13. The system of claim 12, wherein the audible sound is 
presented intermittently according to a predetermined time 
interval. 

14. The system of claim 11, further comprising, in 
response to determining the navigational heading, providing 
a directional voice that describes a manner in which to alter 
the current navigational course in the direction of the 
navigational heading and that is directional from the navi 
gational heading. 
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15. The system of claim 11, wherein the audio media 

comprises pre-recorded audio media. 
16. The system of claim 11, wherein the audio media 

comprises live broadcast audio media. 
17. The system of claim 11, further comprising: 
receive an indication of an interaction with a geographical 

location depicted on an interactive map: 
determine a direct navigational heading from a current 

location of the geographic location; and 
change the non-directional playback state to a directional 

playback state that presents the audio media in a 
modified format that modulates a sound level of at least 
one of the audio channels so that playback is directional 
from the direct navigational heading. 

18. The system of claim 11, wherein iteratively determin 
ing the navigational heading relative to the current naviga 
tional course, comprises, for each iteration: 

determining whether a current position is within a way 
point region; 

if the current position is not within the waypoint region, 
determining that the change is not required to the 
current navigational course; and 

if the current position is within the waypoint region, 
determining that the change is required to the current 
navigational course. 

19. The system of claim 18, wherein when the current 
position is within the waypoint region, iteratively changing 
the navigational heading based on a changing of the current 
position in the waypoint region. 

20. The system of claim 11, wherein the modified format 
comprises modulating the audio by a head-related transfer 
function (HRTF). 

21. A non-transitory computer readable medium storing 
instructions executable by a data processing apparatus and 
upon such execution cause the data processing apparatus to 
perform operations comprising: 

present audio media in a non-directional playback state 
that presents the audio media in an original format over 
a plurality of audio channels, wherein the presentation 
in the original format over the plurality of channels is 
not directionally related to a navigational route; 

iteratively determine a navigational heading relative to a 
current navigational course, the navigational heading 
indicative of a direction to face to proceed along the 
navigational route, and for each iteration, determining 
whether a change is required to the current navigational 
course based on the navigational heading: 

for each determination that a change is not required to the 
current navigational course, present the audio media in 
the non-directional playback state; and 

for each determination that a change is required to the 
current navigational course, change the non-directional 
playback state to a directional playback state that 
presents the audio media in a modified format that is 
directional from the navigational heading. 


