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(54) PROVIDING ALTERNATIVE ROAD NAVIGATION INSTRUCTIONS FOR DRIVERS ON 
UNFAMILIAR ROADS

(57) Techniques for providing driving instructions for
drivers on unfamiliar roads. A navigation system (110)
stores "breadcrumbs," or indicators of road segments on
which a particular vehicle has previously driven. The sys-
tem detects whether a vehicle has turned off of a "familiar"
road by examining these breadcrumbs. If the navigation
system determines that the current position of the vehicle
is associated with a road segment for which a number of

breadcrumbs below a particular threshold are stored,
then the navigation system determines that the vehicle
is on an unfamiliar road. The navigation system identifies
a secondary path and presents that path to the driver to
return the driver to the familiar road. The secondary path
may be identified in a manner that avoids obstacles by
examining traffic information or distance information.
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Description

BACKGROUND

TECHNICAL FIELD

[0001] The present disclosure relates to in-vehicle nav-
igation systems, and more specifically, to providing al-
ternative road navigation instructions for drivers on un-
familiar roads.

BACKGROUND

[0002] Navigation systems in vehicles, such as auto-
mobiles, provide instructions to drivers for driving to se-
lected destinations. Generally, such navigation systems
analyze map data that includes road information to find
one or more desirable paths to the selected destination.
The navigation system may consider various data about
road networks, such as mileage, travel time, speed limits,
traffic, and disaster information in calculating such paths
and then selecting one path for which to display naviga-
tion. Once the navigation system has selected such a
path, the navigation system determines the current loca-
tion of the vehicle and displays a map with indications to
the driver for how the driver should proceed down roads
in order to follow the calculated path. As the driver pro-
ceeds down the path, the navigation system updates the
map being displayed to reflect current vehicle location.
[0003] One limitation of current navigation systems is
that such navigation systems generally only provide nav-
igation instructions upon receiving a specific request from
an end-user, such as the driver. More specifically, at first,
an end-user initializes the navigation system. The navi-
gation system subsequently prompts the end-user for a
destination. Then, upon receiving an appropriate com-
mand from the end user to begin providing navigation,
the navigation system calculates a path to the entered
destination and begins providing driving instructions to
the driver. Such navigation systems generally do not pro-
vide driving instructions unless specifically requested to
do so by a driver. However, when a driver is driving, the
driver is generally unable to provide such a request. Thus,
while a driver is driving, the driver is generally unable to
obtain new driving instructions.
[0004] As the foregoing illustrates, a more flexible nav-
igation system for providing navigation assistance would
be useful.

SUMMARY

[0005] A computer-implemented method for providing
driving instructions is provided. The computer-imple-
mented method includes determining that a vehicle has
turned from a first path that is deemed to be a known
path onto a first road segment for which a first number
of recorded position indicators is below a first threshold.
The computer-implemented method also includes deter-

mining a location along a first path at which to return the
vehicle. The computer-implemented method further in-
cludes identifying a second path that returns the vehicle
to the first path at the location. The computer-implement-
ed method also includes displaying driving instructions
associated with the second path that returns the vehicle
to the first path.
[0006] A navigation system is also provided. The nav-
igation system includes a global positioning system re-
ceiver (GPS receiver) configured to obtain location infor-
mation for a vehicle. The navigation system also includes
a central processing unit that is coupled to the GPS re-
ceiver. The central processing unit is configured to record
position indicators based on the location information re-
ceived from the GPS receiver as the vehicle travels along
a road. The central processing unit is also configured to
identify that the vehicle has deviated from a first path
deemed to be a known path based on the position indi-
cators. The central processing unit is further configured
to provide driving instructions upon identifying that the
vehicle has deviated from the first path.
[0007] A non-transitory computer-readable medium
storing instructions that, when executed by a processor,
cause the processor to perform certain steps. The steps
include recording a set of position indicators that each
indicates a previous location of a vehicle on one or more
road segments. The steps also include determining that
the vehicle has exited a first path that is deemed to be a
known path based on the set of position indicators. The
steps further include identifying a second path that re-
turns the vehicle to the first path. The steps also include
outputting driving instructions for the second path.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF 
THE DRAWINGS

[0008]

Figure 1A illustrates a passenger compartment of a
vehicle including a navigation system, according to
various embodiments;

Figure 1B is a more detailed illustration of the navi-
gation system of Figure 1A, according to various em-
bodiments;

Figure 2 is a more detailed illustration of the naviga-
tion software of Figure 1B, according to various em-
bodiments;

Figure 3 illustrates a portion of a road map illustrating
a distance-based mode for providing an alternative
driving path, according to various embodiments;

Figure 4 illustrates a portion of a road map illustrating
a traffic-based mode for providing an alternative
path, according to various embodiments;
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Figure 5 is a flow diagram of method steps for iden-
tifying an alternative navigation path based on a dis-
tance-based mode, according to various embodi-
ments; and

Figure 6 is a flow diagram of method steps for iden-
tifying an alternative navigation path based on a traf-
fic-based mode, according to various embodiments.

DETAILED DESCRIPTION OF THE DRAWINGS

[0009] In the following, reference is made to embodi-
ments presented in this disclosure. However, the scope
of the present disclosure is not limited to specific de-
scribed embodiments. Instead, any combination of the
following features and elements, whether related to dif-
ferent embodiments or not, is contemplated to implement
and practice contemplated embodiments. Furthermore,
although embodiments disclosed herein may achieve ad-
vantages over other possible solutions or over the prior
art, whether or not a particular advantage is achieved by
a given embodiment is not limiting of the scope of the
present disclosure. Thus, the following aspects, features,
embodiments and advantages are merely illustrative and
are not considered elements or limitations of the append-
ed claims except where explicitly recited in a claim(s).
[0010] Figure 1A illustrates a passenger compartment
100 of a vehicle including a navigation system 110, ac-
cording to various embodiments. As shown, the passen-
ger compartment 100 includes a navigation system 110
positioned proximate a dashboard 102 providing various
instrumentation for a driver of a vehicle.
[0011] In operation, the navigation system 110 pro-
vides navigation information to a driver operating a ve-
hicle. Specifically, the navigation system 110 is config-
ured to accept input from a driver or other person (an
"end-user") including a destination location, to analyze
road information, to calculate or determine one or more
driving paths for the driver, to display such driving paths
overlaid on a map, and to output associated driving in-
structions to the driver. In some embodiments, the nav-
igation system 110 is be configured to analyze various
information in order to determine one or more "desirable"
paths to provide to the driver, where "desirable" generally
refers to a path with the lowest or nearly the lowest total
driving time, the lowest or nearly the lowest total mileage,
the lowest or nearly the lowest cumulative toll require-
ments, or the like. Further, in some embodiments, the
navigation system 110 is be configured to receive and
analyze traffic information or other road-condition infor-
mation (such as accidents, construction, and the like) in
calculating such paths. In some embodiments, the nav-
igation system 110 is configured to calculate and provide
several alternative routes and to allow the driver to select
one such path.
[0012] As stated above, the navigation system 110 dis-
plays a map for the driver and also displays path infor-
mation associated with the chosen path. The path infor-

mation includes an indication of which roads the driver
should proceed down and the amount of vehicle traffic
on those roads. As the vehicle progresses down a par-
ticular path as directed by the driver, the navigation sys-
tem 110 updates the displayed map to indicate the next
driving steps the driver is to follow.
[0013] Although the navigation system 110 is illustrat-
ed as being embedded in and in the center of the dash-
board 102, the navigation system 110 may alternatively
be located in other parts of the passenger compartment
100 and/or may be a standalone module. Other variations
in location and configuration are possible as well.
[0014] Figure 1B is a more detailed illustration of the
navigation system 110 of Figure 1A, according to various
embodiments. As shown, the navigation system 110 in-
cludes a central processing unit (CPU) 170, graphics
processing unit (GPU) 172, system memory 174, storage
160, remote communicator 150, input devices 112, and
display device 114. The remote communicator 150 com-
municates with remote navigation data system 190 as
described in more detail below.
[0015] The CPU 170 generally comprises a program-
mable processor that executes program instructions to
manipulate input data. The CPU 170 may include any
number of processing cores, memories, and other mod-
ules for facilitating program execution. System memory
174 generally comprises storage chips such as random
access memory (RAM) chips that store applications and
data for processing by CPU 170.
[0016] System memory 174 stores navigation software
140, which includes software for identifying and display-
ing driving paths. The GPU 172 generally comprises a
programmable or fixed function processor that accepts
commands and data from CPU 170 and generates pixels
for display on display device 114. The input devices 112
may include various types of input devices, such as but-
tons, a microphone, cameras, a touch-based input device
integrated with display device 114 (i.e., a touch screen),
and other input devices for providing input information to
the CPU 170.
[0017] In various embodiments, storage 160 includes
non-volatile memory such as optical drives, magnetic
drives, flash drives, or other storage. Remote communi-
cator 150 includes modules for communications with one
or more remote navigation data systems 190. In various
embodiments, remote communicator 150 includes a
wired or wireless communication module such as a com-
munication module based on the IEEE 802.11 standard,
based on the Bluetooth standard, based on one or more
cellular networking technology standards, or based on
other wired or wireless communications technologies.
The remote navigation data systems 190 are remote sys-
tems that provide navigation information such as driving
routes, traffic information, disaster information (e.g., an
accident, road closing, or the like), weather information,
and other information about road conditions, vehicle con-
ditions, or the like. In various embodiments, the remote
navigation data system 190 includes servers that are
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coupled to a computer network such as the Internet, and
thus is accessible via a remote communicator 150 that
is coupled to a computer network such as the Internet.
The receiver 116 using data such as global positioning
system (GPS) data or other data determines global po-
sition of the vehicle (navigation system 110, driver, and
so on). The GPS receiver 116 operates based on one or
more of the global positioning system of manmade Earth
satellites, various electromagnetic spectrum signals
(such as cellular tower signals, wireless internet signals,
and the like), or other signals or measurements, and/or
on a combination of the above items. In various embod-
iments, the navigation software 140 accesses global po-
sitioning information from GPS receiver 116 in order to
determine a current location of the vehicle.
[0018] In operation, the CPU 170 is the master proc-
essor of the navigation system 110, controlling and co-
ordinating operation of other system components. In par-
ticular, the CPU 170 receives input via input devices 112
and executes navigation software 140, stored in system
memory 174, to output navigation information to display
device 114.
[0019] Figure 2 is a more detailed illustration of the
navigation software 140 of Figure 1B, according to vari-
ous embodiments. As shown, the navigation software
140 includes a map data module 202, a disaster module
206, a traffic module 208, a path evaluator module 210,
a map drawing module 204, a path overlay module 212,
a traffic overlay module 214, and an alternate path mod-
ule 220.
[0020] The map data module 202 fetches map data
from storage 160 or another location (such as a net-
worked computer like the remote navigation data system
190). The map data module 202 forwards the map data
to the path evaluator module 210 and to the map drawing
module 204. Some embodiments of the navigation soft-
ware 140 do not include map data module 202, and path
evaluator module 210 and map drawing module 204 di-
rectly fetch map data.
[0021] Disaster module 206 fetches disaster data from
remote navigation data system 190 via the remote com-
municator 150. The disaster data includes information
about disasters such as whether an accident has oc-
curred, where the accident has occurred, whether a road
closing exists, and the like. The disaster module 206 for-
wards the disaster information to the path evaluator mod-
ule 210. Some embodiments of navigation software 140
do not include disaster module 206. In such embodi-
ments, path evaluator 210 either directly fetches disaster
information from remote navigation data system 190 via
remote communicator 150 or does not evaluate disaster
information. In some embodiments, the path evaluator
module 210 analyzes the disaster information in order to
calculate a driving path.
[0022] Traffic module 208 fetches traffic information
from remote navigation data system 190 via remote com-
municator 150 and forwards the traffic information to the
path evaluator module 210 as well as the traffic overlay

module 214. The traffic information includes information
such as the amount of congestion on various roads, and
the like. Alternate path module 220 fetches alternate
paths from remote navigation data system 190 via remote
communicator 150 and forwards the paths to path eval-
uator module 210. These alternate paths represent paths
not calculated by path evaluator module 210 but that path
evaluator module 210 may nonetheless decide to present
to a driver as a path to the destination point that the driver
entered.
[0023] The path evaluator module 210 calculates or
otherwise identifies (i.e., from a database, from memory,
or the like) paths for display to a driver based on the map
information provided by map data module 202. In some
embodiments, the path evaluator module 210 also ex-
amines disaster information, traffic information, and al-
ternate path information to generate the paths. In gener-
al, the path evaluator module 210 examines road data
from within map information and evaluates various infor-
mation included in that road data, such as distances,
speed limits, tolls, or the like, to determine one or more
"desirable" paths. As disclosed above, a "desirable" path
refers to a path with the lowest or nearly the lowest total
driving time, the lowest or nearly the lowest total mileage,
the lowest or nearly the lowest cumulative toll require-
ments, or a path having one or more other "optimal" fea-
tures.
[0024] In some embodiments, road data is data that is
stored in the map information and that is stored as a
graph that includes nodes and road segments connecting
the nodes. The road segments represent subdivisions of
roads. In various embodiments, these road segments are
delineated based on where intersections exist, where
speed limit changes exist, and/or based on other road
features. Nodes represent locations between the differ-
ent road segments and may represent, for example and
without limitation, intersections in the roads, locations
where the speed limit changes, or other road features.
In some embodiments, various additional data about the
characteristics of the road segments and nodes in the
stored road data are also stored in the road data. For
example and without limitation, in some embodiments,
the navigation system 110 stores data regarding the
speed limit, the direction of traffic flow, whether the road
segment is designated as one-way, and so on. In addition
to this "fixed" road information, in some embodiments,
when evaluating paths, the path evaluator module 210
obtains time-variant information like traffic data including
indications such as whether there is low congestion, high
congestion, or a full stop. In various embodiments, the
traffic data includes more detailed information such as
the speed of traffic, and the like.
[0025] The path evaluator module 210 evaluates the
graph information associated with the map, along with
other obtained information, to calculate one or more "de-
sirable" paths from a starting point to a destination, by
attempting to minimize values (such as travel time, mile-
age, and the like) associated with the road segments. In
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some embodiments, the path evaluator module 210 im-
plements shortest path algorithms for calculating such
paths. The path evaluator module 210 also accepts al-
ternative path data from alternative path module 220 or
from local memory (or directly from remote navigation
data system 190 via remote communicator 150 if alter-
nate path module 220 is not present). In order to choose
a particular path to display for a driver, path evaluator
module 210 compares various data for these alternative
paths (such as transit time, mileage, toll information, and
the like) to the paths calculated by the path evaluator
module 210. Path evaluator module 210 presents one or
more of these alternative paths as a substitute for or in
addition to any calculated paths to the driver for naviga-
tion if the path evaluator module 210 determines that
these alternative paths are "more desirable" than the cal-
culated paths. In some embodiments, the driver may se-
lect one of these paths as the path to be presented by
navigation software 140 for navigation while the driver is
driving.
[0026] The map drawing module 204, path overlay
module 212, and traffic overlay module 214 work together
to present navigation information to a driver. More spe-
cifically, the map drawing module 204 receives map data
from the map data module 202 and draws a portion of
the map data surrounding the current location of the ve-
hicle. The map drawing module 204 may include a
maneuver module that provides instructions to the driver.
In other words, the maneuver module may describe next
actions that the driver should take such as "turn left." The
instructions provided by maneuver module may be one
or both of visual and verbal. In some embodiments, the
map driver module does not include the maneuver mod-
ule and the maneuver module is included as a standalone
module in navigation software 140. The path overlay
module 212 draws the path selected by the user, high-
lighting roads and indicates other road information (such
as speed limits, direction of traffic, and the like) regarding
the roads in the vicinity of the driver. The traffic overlay
module 214 draws traffic information over the roads
drawn by the map drawing module 204. In embodiments
that do not include the traffic overlay module 214 and/or
that do not fetch traffic data from remote navigation data
system 190, no traffic information is drawn. The output
from the map drawing module 204, path overlay module
212, and, if present, the traffic overlay module 214, to-
gether constitute the map output 216. Display device 114
displays this map output upon being commanded by, for
example and without limitation, the CPU 170 or GPU 172.
[0027] As the vehicle travels down roads, the bread-
crumb recording module 218 records "breadcrumbs" (al-
so referred to herein as "position descriptors"). Each
breadcrumb is an indication of the current position of the
vehicle and also includes the direction of the vehicle and
the time of day and date at which the vehicle was at that
position. Thus, as a driver drives on a particular road, the
breadcrumb recording module 218 records breadcrumbs
corresponding to the position and time of the vehicle on

the road. The breadcrumb recording module 218 may
store the breadcrumbs locally (e.g., in storage 160) or
remotely (e.g., in one or more remote navigation data
systems 190). In some embodiments, the breadcrumb
recording module 218 stores a large number of bread-
crumbs over a long period of time. In some embodiments,
the breadcrumb recording module 218 stores bread-
crumbs during the entire lifetime of the navigation system
110. If the breadcrumbs are stored remotely, in the re-
mote navigation data system 190, then the breadcrumbs
may be associated with a user account associated with
the driver. Thus, in some embodiments, at least some
breadcrumbs date back to before the driver of the vehicle
obtained the navigation system 110 (for example and
without limitation, if stored by a previous navigation sys-
tem associated with the user account).
[0028] Over the course of operation, the navigation
software 140 identifies paths that are familiar to or are
known to the driver of the vehicle (referred to herein as
"known paths"). More specifically, in addition to recording
breadcrumbs, the breadcrumb recording module 218
identifies and records known paths based on the record-
ed breadcrumbs. The breadcrumb recording module 218
identifies known paths based on strings of breadcrumbs
that are recorded consecutively in time. These strings of
breadcrumbs are deemed to be a known path if, for each
road segment along the length of these strings of bread-
crumbs, a number of breadcrumbs greater than or equal
to a threshold number are stored. The breadcrumb re-
cording module 218 records these known paths in local
storage (e.g., storage 160) or in remote storage (e.g., in
remote navigation data system 190).
[0029] While a driver is driving the vehicle, the naviga-
tion software 140 monitors the current location of the ve-
hicle and the stored breadcrumbs to determine whether
the vehicle has deviated from a known path. In some
embodiments, the navigation software 140 makes such
a determination while the navigation software 140 is al-
ready presenting navigation information to a driver (i.e.,
displaying a map and/or instructions regarding how to
arrive at a particular destination point). In other embod-
iments, the navigation software 140 makes such a de-
termination while the navigation software 140 is not pre-
senting navigation information to the driver. In such em-
bodiments, the navigation software 140 presents navi-
gation information to the driver without being prompted
by the driver. Further, in such embodiments, the naviga-
tion software 140 was not already presenting navigation
information to the driver when the navigation software
140 determines that new navigation information should
be presented to the driver. When the navigation software
140 determines that the vehicle has deviated from a
known path, the navigation software 140 calculates a
new path and displays new navigation information asso-
ciated with the new path to the driver to assist the driver
with returning to a known path. The process of calculating
such a new path is described in greater detail below.
[0030] In addition to being triggered when the driver
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has deviated from a known path, in some embodiments,
the navigation software 140 calculates a new path when
the driver is following a known path, but when certain
undesirable conditions arise on that known path. For ex-
ample and without limitation, in some embodiments,
when the navigation software 140 detects an obstacle
such as traffic congestion on the known path, the navi-
gation software 140 calculates one or more new paths
to present to the driver as alternate paths. In other em-
bodiments, the navigation software 140 calculates new
paths when the navigation software 140 detects an ac-
cident, road construction, road closures, or other adverse
road conditions.
[0031] In order to detect a deviation from a known path,
the path evaluator module 210 periodically examines the
stored known paths to determine whether the vehicle is
currently on a road that is not included in a known path.
Alternatively, the path evaluator module 210 may exam-
ine the breadcrumbs stored by the breadcrumb recording
module 218. If the path evaluator module 210 determines
that a number of breadcrumbs is less than a particular
threshold number for the current road segment (the road
segment that the vehicle is currently on), then the path
evaluator module 210 determines that the vehicle has
deviated from a known path. Of course, if the path eval-
uator module 210 determines that a number of bread-
crumbs greater than or equal to the threshold number
are stored for the current segment, then the path evalu-
ator module 210 does not determine that the vehicle has
deviated from a known path.
[0032] As stated above, upon determining that the ve-
hicle has deviated from a known path, the path evaluator
module 210 searches for an alternative path for the driver.
Such an alternative path routes the vehicle back to the
known path.
[0033] If the navigation software 140 is already provid-
ing navigation to the driver when the driver turns off that
path, then the navigation software 140 routes the driver
back to that path. If the navigation software is not provid-
ing navigation to the driver when the driver turns off a
path, then the navigation software 140 routes the driver
based on a "predicted path." The term "main path" as
used below refers collectively to both the "predicted path"
and the path that the navigation software 140 is display-
ing to the driver when the driver turns off this path.
[0034] A predicted path is a path that the path evaluator
module 210 determines that the vehicle was driving on
when the vehicle turned off the known path if no naviga-
tion is being provided by the navigation software 140. In
some embodiments, the path evaluator module 210 an-
alyzes stored breadcrumbs and/or known paths to deter-
mine a predicted path. In some embodiments, the path
evaluator module 210 identifies a predicted path as be-
ginning at the location at which the driver turned on the
vehicle and ending at a predicted destination. Such a
predicated path follows a stored known path. The known
path is the path that the driver was driving on prior to
turning onto a road segment for which fewer than a

threshold number of breadcrumbs are stored. More spe-
cifically, the path evaluator module 210 matches the path
that the driver was driving on to a known path that is
stored. The predicted destination is the most common
location along that known path at which the driver turns
off the vehicle. In various embodiments, the path evalu-
ator module 210 analyzes the age of breadcrumbs, giving
preference to newer breadcrumbs, in order to identify a
predicted path. More specifically, the path evaluator mod-
ule 210 chooses a known path for which breadcrumbs
are the most recent.
[0035] To route the vehicle back to the main path, the
path evaluator module 210 may search for an alternative
path for the driver in one of two modes. In a first mode,
a distance-based mode, the path evaluator module 210
routes a vehicle back to the main path at a return point
that is at least a specified distance along that main path
from the point at which the vehicle turned off that main
path. In a second mode, a traffic-based mode, the path
evaluator module 210 routes a vehicle back to the main
path at a return point on the main path at which traffic
congestion is below a particular threshold, in order to
help the vehicle avoid obstacles that may be causing the
traffic congestion. Each of these modes is described in
more detail below.
[0036] In the first mode, the distance-based mode, the
path evaluator module 210 calculates a new path that
returns the vehicle to the main path at a point that is not
less than a fixed distance along the main path from where
the driver turned off that main path. This "fixed" distance
may be constant, or may be dynamically adjusted based
on a variety of factors such as distance to destination,
speed of traffic, speed limit of the road, or other factors.
The path evaluator module 210 calculates this new path
with the restriction that this new path is not allowed to
follow the main path for at least a predetermined distance
from the point at which the driver turned off of the known
road.
[0037] The second mode, the traffic-based mode, is
similar to the distance-based mode. Specifically, in the
second mode, the traffic-based mode, the path evaluator
module 210 calculates a new path that returns the vehicle
to the main path. However, unlike the distance-based
mode, the path evaluator module 210 does not calculate
a new path that returns to the main path a fixed distance
down that main path. Instead, in the traffic-based mode,
the path evaluator module 210 examines traffic informa-
tion to determine a point on the main path at which traffic
congestion is below a threshold value. The path evaluator
module 210 calculates a new path that returns the vehicle
to the main path at a point that is at least as far down the
main path as the determined point on the main path at
which traffic congestion is below the threshold value.
Traffic congestion may be measured in any number of
ways. In one example, traffic congestion is measured by
determining how much slower traffic is traveling than the
speed limit. The distance-based mode is discussed in
more detail with respect to Figure 3 and the traffic-based
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mode is discussed in more detail with respect to Figure 4.
[0038] The path evaluator module 210 may route the
vehicle back to the main path at a point that is further
along the main path than either a point that is a fixed
distance past the point at which the vehicle turned off the
road or the first point on the main path for which traffic is
below a particular traffic threshold. Further, the path eval-
uator module 210 may simply route the vehicle to the
intended destination for that vehicle. If the main path is
the path that was being presented to the driver when the
vehicle turned off of the main path, then the intended
destination is the destination for that path. If the main
path is a predicted path, then the intended destination is
the location along that predicted path where the vehicle
most frequently shuts off.
[0039] The architecture for the navigation software 140
shown in figure 2 is illustrative and various alternatives
are possible. Functionality described as being performed
by one particular module may instead be performed by
another module. Additionally, in some embodiments, not
all of the functionality described above is performed. Fur-
ther, in various embodiments, the illustrated interconnec-
tion between modules may be varied.
[0040] Figure 3 illustrates a portion of a road map 300
illustrating the distance-based mode for providing an al-
ternative driving path, according to various embodi-
ments. As shown, the road map 300 includes a first path
302 that is known to a driver (as indicated by bread-
crumbs 310) and a second path 304 that is not known to
the driver (as indicated by the fact that no breadcrumbs
310 exist on second path 304). Additional roads 305 that
are not part of either the first path 302 or the second path
304 are shown as well.
[0041] As indicated by turning arrow 322, vehicle 320
is currently in the process of turning onto a road associ-
ated with the second path 304. When the vehicle 320
turns onto that road, the path evaluator module 210 de-
tects that the vehicle 320 is on a road segment for which
fewer than a threshold number of breadcrumbs are
stored. In response, the path evaluator module 210 cal-
culates an alternate path for the vehicle to follow. As de-
scribed above, the path evaluator module 210 may cal-
culate an alternative path by identifying a point on the
first path 302 (the "main path") based on a fixed distance
330 along that main path from the point at which the ve-
hicle turned off the main path 302. The point that the path
evaluator module 210 obtains by following the main path
302 for at least the fixed distance is set as the destination
point for navigation.
[0042] To generate a new path for the driver, the path
evaluator module 210 begins with the current location of
the vehicle 320, and determines a path to the destination
point described above, with the condition that the path
cannot pass through the main path until the vehicle 320
arrives at that destination point. Thus the path evaluator
determines that the new path is second path 304, which,
when followed by the driver, results in the driver being
on the first path 302 after at least the fixed distance 330.

[0043] Figure 4 illustrates a portion of a road map 400
illustrating the traffic-based mode for providing an alter-
native path, according to various embodiments. As
shown, the road map 400 includes a first path 402 that
is known to a driver (as indicated by breadcrumbs 310)
and a second path 404 that is not known to the driver (as
indicated by the absence of breadcrumbs 310 on second
path 404). Additional roads 405 that are not part of either
the first path 402 or the second path 404 are shown as
well.
[0044] As with Figure 3, turning arrow 422 indicates
that vehicle 320 is currently in the process of turning onto
a road associated with the second path 404. Also as with
Figure 3, when the vehicle 320 turns onto that road, the
path evaluator module 210 detects that the vehicle 320
is on a road for which a number of breadcrumbs below
a threshold are stored. At this point, the navigation soft-
ware 140 calculates a path to a destination point.
[0045] The navigation software 140 determines the
destination point based on traffic data received from traf-
fic module 208. More specifically, the path evaluator
module 210 determines that traffic congestion (indicated
with traffic congestion markers 406) along the path that
the vehicle 320 turned off of is above a particular thresh-
old for a certain distance along that path. The path eval-
uator module 210 identifies a location on the first path
402 path at which the traffic congestion is below the
threshold. The path evaluator module 210 sets the point
at which the traffic returns to being below the threshold
to be the destination for a new path that the path evaluator
module 210 generates. The path evaluator module 210
generates this new path and presents this new path to
the driver of the vehicle 320 for navigation. The path eval-
uator module 210 generates this path, with the condition
that the path cannot travel along the first path 402 where
the traffic data indicates that traffic congestion is above
a threshold.
[0046] In some embodiments, determining the point at
which traffic is below a threshold includes examining traf-
fic flow for the side of the road that is opposite to the side
the driver was driving on when the driver turned off the
road and identifying the starting point of the traffic con-
gestion on that side of the road. The starting point of that
congestion is the point at which traffic is below a thresh-
old.
[0047] In the example illustrated in Figure 4, when the
vehicle 320 turns off the first path 402, the path evaluator
module 210 determines that the vehicle is on a road on
which the driver has not yet traveled. More specifically,
the path evaluator module 210 determines that the vehi-
cle is on a road for which a number of breadcrumbs 310
less than a threshold number are stored. The path eval-
uator module 210 thus examines traffic data for the first
path 402 and determines a point along the first path 402
after which traffic congestion is below a particular thresh-
old. The path evaluator module 210 then calculates a
path from the location of the vehicle 320 to this deter-
mined point and displays that path to the driver for the
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driver to follow.
[0048] The decision of whether to use the distance-
based mode or the traffic-based mode may be based on
a variety of factors. In one example, the navigation soft-
ware 140 presents the driver with a choice of the two
modes and selects one of the modes based on the choice
of the driver. In another example, the navigation software
140 defaults to the traffic-based mode if traffic information
is available and otherwise is set to the distance-based
mode.
[0049] In both the distance-based mode and the traffic-
based mode, the navigation software 140 calculates a
path to a particular destination point that is determined
either via a distance (distance-based mode) or via traffic
information (traffic-based mode). In one alternative em-
bodiment, the path evaluator module 210 determines the
destination point as the first familiar intersection past ei-
ther the fixed distance in distance-based mode or the
point at which the traffic falls below a traffic threshold in
the traffic-based mode. A familiar intersection is an inter-
section for which the number of breadcrumbs stored for
that intersection is above a threshold for at least two per-
pendicular directions.
[0050] Figure 5 is a flow diagram of method steps for
identifying an alternative navigation path based on a dis-
tance-based mode, according to various embodiments.
Although the method steps are described in conjunction
with the systems of Figures 1A-3, persons skilled in the
art will understand that any system configured to perform
the method steps, in any order, falls within the scope of
the present disclosure.
[0051] As shown, a method 500 begins at step 502, at
which a path evaluator module 210 determines that a
current position of a vehicle is associated with a number
of breadcrumbs below a breadcrumb threshold. The
breadcrumb threshold may be 1 or may be a higher
number and may be modifiable. At step 504, the path
evaluator module 210 identifies a main path off of which
the vehicle turned. At step 506, the path evaluator module
210 determines a destination point that is a threshold
distance along the main path from the point at which the
vehicle turned. At step 508, the path evaluator module
210 identifies a path that intersects the first path at or
after the destination point.
[0052] Figure 6 is a flow diagram of method steps for
identifying an alternative navigation path based on a traf-
fic-based mode, according to various embodiments. Al-
though the method steps are described in conjunction
with the systems of Figures 1A-2 and 4, persons skilled
in the art will understand that any system configured to
perform the method steps, in any order, falls within the
scope of the present disclosure.
[0053] As shown, a method 600 begins at step 602, at
which a path evaluator module 210 determines that a
current position of a vehicle is associated with a number
of breadcrumbs below a breadcrumb threshold. As de-
scribed above, the breadcrumb threshold may be 1 or
may be a higher number and may be modifiable. At step

604, the path evaluator module 210 identifies a main path
off of which a vehicle turned. At step 606, the path eval-
uator module 210 determines a destination point on the
main path at which traffic congestion is below a traffic
threshold. For this purpose, the path evaluator module
210 may fetch traffic data from the remote navigation
data system 190 (e.g., via the traffic module 208). The
purpose of fetching traffic information is so that the driver
is not placed back onto the main path at a point with
undesirably high traffic congestion. At step 608, the path
evaluator module 210 identifies a path from the current
position of the vehicle to the destination point that inter-
sects the first path at or after the destination point.
[0054] In sum, techniques are provided for displaying
alternative navigation routes to drivers. A breadcrumb
recording module stores breadcrumbs for a vehicle and
also stores known or predicted paths. While a vehicle is
traveling down a known road, if the vehicle turns off of
that road onto a road for which a number of breadcrumbs
lower than a breadcrumb threshold are stored, then nav-
igation software searches for an alternative route. The
alternative route may be calculated in either a distance-
based mode or a traffic-based mode. In the distance-
based mode, the navigation software returns the vehicle
to a point on the known path that the vehicle turned off
of that is a fixed distance past that point. In the traffic-
based mode, the navigation software returns the vehicle
to a point on the known that that the vehicle turned off of
that is past detected traffic.
[0055] One advantage of the disclosed techniques is
that they provide driving instructions for alternative paths
to a driver that turns off of a known path. By providing
such alternative paths, the techniques assist the driver
with avoiding obstacles (traffic, construction, or the like)
that may have caused the driver to turn from that known
path. Another advantage is that, by providing driving in-
structions when a driver is determined to be on an "un-
known" path, the techniques disclosed herein allow a
driver to learn driving instructions for new paths that are
unknown to the driver and thus serve as a teaching aid.
[0056] The descriptions of the various embodiments
have been presented for purposes of illustration, but are
not intended to be exhaustive or limited to the embodi-
ments disclosed. Many modifications and variations will
be apparent to those of ordinary skill in the art without
departing from the scope and spirit of the described em-
bodiments.
[0057] Aspects of the present embodiments may be
embodied as a system, method or computer program
product. Accordingly, aspects of the present disclosure
may take the form of an entirely hardware embodiment,
an entirely software embodiment (including firmware,
resident software, micro-code, etc.) or an embodiment
combining software and hardware aspects that may all
generally be referred to herein as a "circuit," "module" or
"system." Furthermore, aspects of the present disclosure
may take the form of a computer program product em-
bodied in one or more computer readable medium(s)
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having computer readable program code embodied ther-
eon.
[0058] Any combination of one or more computer read-
able medium(s) may be utilized. The computer readable
medium may be a computer readable signal medium or
a computer readable storage medium. A computer read-
able storage medium may be, for example, but not limited
to, an electronic, magnetic, optical, electromagnetic, in-
frared, or semiconductor system, apparatus, or device,
or any suitable combination of the foregoing. More spe-
cific examples (a non-exhaustive list) of the computer
readable storage medium would include the following:
an electrical connection having one or more wires, a port-
able computer diskette, a hard disk, a random access
memory (RAM), a read-only memory (ROM), an erasable
programmable read-only memory (EPROM or Flash
memory), an optical fiber, a portable compact disc read-
only memory (CD-ROM), an optical storage device, a
magnetic storage device, or any suitable combination of
the foregoing. In the context of this document, a computer
readable storage medium may be any tangible medium
that can contain, or store a program for use by or in con-
nection with an instruction execution system, apparatus,
or device.
[0059] Aspects of the present disclosure are described
above with reference to flowchart illustrations and/or
block diagrams of methods, apparatus (systems) and
computer program products according to embodiments
of the disclosure. It will be understood that each block of
the flowchart illustrations and/or block diagrams, and
combinations of blocks in the flowchart illustrations
and/or block diagrams, can be implemented by computer
program instructions. These computer program instruc-
tions may be provided to a processor of a general pur-
pose computer, special purpose computer, or other pro-
grammable data processing apparatus to produce a ma-
chine, such that the instructions, which execute via the
processor of the computer or other programmable data
processing apparatus, create means for implementing
the functions/acts specified in the flowchart and/or block
diagram block or blocks.
[0060] Embodiments of the disclosure may be provid-
ed to end users through a cloud computing infrastructure.
Cloud computing generally refers to the provision of scal-
able computing resources as a service over a network.
More formally, cloud computing may be defined as a com-
puting capability that provides an abstraction between
the computing resource and its underlying technical ar-
chitecture (e.g., servers, storage, networks), enabling
convenient, on-demand network access to a shared pool
of configurable computing resources that can be rapidly
provisioned and released with minimal management ef-
fort or service provider interaction. Thus, cloud comput-
ing allows a user to access virtual computing resources
(e.g., storage, data, applications, and even complete vir-
tualized computing systems) in "the cloud," without re-
gard for the underlying physical systems (or locations of
those systems) used to provide the computing resources.

[0061] Typically, cloud computing resources are pro-
vided to a user on a pay-per-use basis, where users are
charged only for the computing resources actually used
(e.g. an amount of storage space consumed by a user
or a number of virtualized systems instantiated by the
user). A user can access any of the resources that reside
in the cloud at any time, and from anywhere across the
Internet. In context of the present disclosure, a user may
access applications (e.g., video processing and/or
speech analysis applications) or related data available
in the cloud.
[0062] The flowchart and block diagrams in the Figures
illustrate the architecture, functionality, and operation of
possible implementations of systems, methods and com-
puter program products according to various embodi-
ments of the present disclosure. In this regard, each block
in the flowchart or block diagrams may represent a mod-
ule, segment, or portion of code, which comprises one
or more executable instructions for implementing the
specified logical function(s). It should also be noted that,
in some alternative implementations, the functions noted
in the block may occur out of the order noted in the figures.
For example, two blocks shown in succession may, in
fact, be executed substantially concurrently, or the blocks
may sometimes be executed in the reverse order, de-
pending upon the functionality involved. It will also be
noted that each block of the block diagrams and/or flow-
chart illustration, and combinations of blocks in the block
diagrams and/or flowchart illustration, can be implement-
ed by special purpose hardware-based systems that per-
form the specified functions or acts, or combinations of
special purpose hardware and computer instructions.
[0063] While the preceding is directed to embodiments
of the present disclosure, other and further embodiments
of the disclosure may be devised without departing from
the basic scope thereof, and the scope thereof is deter-
mined by the claims that follow.

Claims

1. A method implemented via navigation software ex-
ecuting in a vehicle navigation system (110), the
method comprising:

determining, while the navigation software is not
providing navigation information to a driver of
the vehicle, that the vehicle has turned from a
first path that is deemed to be a known path onto
a first road segment for which a first number of
recorded position indicators is below a first
threshold;
determining a location along a first path at which
to return the vehicle;
identifying a second path that returns the vehicle
to the first path at the location; and
displaying driving instructions associated with
the second path that returns the vehicle to the
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first path.

2. The method of claim 1, wherein determining the lo-
cation along the first path at which to return the ve-
hicle comprises determining the location based on
a distance along the first path.

3. The method of claim 2, wherein determining the lo-
cation based on the distance along the first path com-
prises identifying a location on the first path that is
at least a threshold distance along the first path from
a point at which the vehicle deviated from the first
path.

4. The method of any of the preceding claims, wherein
determining the location along the first path at which
to return the vehicle comprises determining the lo-
cation based on traffic along the first path.

5. The method of claim 4, wherein determining the lo-
cation based on traffic along the first path comprises
identifying a location on the first path that is farther
along the first path than a point at which the vehicle
deviated from the first path and for which associated
traffic data indicates that a traffic level is below a
traffic threshold.

6. The method of any of the preceding claims, further
comprising identifying the first path based on a plu-
rality of recorded position descriptors.

7. The method of claim 6, wherein the identified first
path comprises a predicted path and a number of
the recorded position descriptors at each segment
along the first path is above a second threshold.

8. The method of any of the preceding claims, wherein
determining that the vehicle has entered the first road
segment comprises determining that the vehicle has
entered the first road segment while a navigation
system is not activated for the vehicle.

9. The method of any of the preceding claims, wherein
the second path comprises a path that extends from
where the vehicle left the first path to the location
along the path at which to return the vehicle.

10. A navigation system (110) in a vehicle, the navigation
system comprising:

a receiver (116) configured to obtain location in-
formation for the vehicle;
a processing unit (170) coupled to the receiver
(116) and configured to:

record position indicators based on the lo-
cation information received from the receiv-
er (116) as the vehicle travels along a road;

determine, while the navigation system
(110) is not providing navigation information
to a driver of the vehicle, that the vehicle
has deviated from a first path deemed to be
a known path based on the position indica-
tors; and
provide driving instructions upon identifying
that the vehicle has deviated from the first
path.

11. The navigation system (110) of claim 10, wherein
the position indicators record a location at which the
vehicle has previously been and an associated
timestamp that indicates a time at which the vehicle
was at the recorded location.

12. The navigation system of claim 11, wherein the
processing unit (170) is configured to identify that
the vehicle has deviated from the first path and has
entered a second path deemed to be an unknown
path by determining that a number of position indi-
cators for the second path is below a threshold
number of position indicators.

13. The navigation system of any of claims 10 to 12,
wherein the processing unit (170) is configured to
provide driving instructions upon identifying that the
vehicle has deviated from the first path by identifying
a second path that extends from a deviation point at
which the vehicle has deviated from the first path to
a destination point on the first path.

14. The navigation system of claim 13, wherein the
processing unit (170) is configured to calculate the
destination point based on a predefined distance
from the deviation point, or based on traffic along the
first path.

15. A computer program comprising program code to be
executed by at least one processing unit (170) of a
navigation system, wherein execution of the pro-
gram code causes the at least one processing unit
(170) to execute a method according to any of claims
1 to 9.
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