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BRIEF DESCRIPTION OF THE DRAWINGS METHOD AND APPARATUS FOR 
PROVIDING DYNAMIC WARNINGS FOR 

NAVIGATIONS 

INCORPORATION BY REFERENCE ; 
DISCLAIMER 

[ 0001 ] Each of the following applications are hereby 
incorporated by reference : application Ser . No. 15 / 870,268 
filed on Jan. 12 , 2018 ; application Ser . No. 14 / 503,393 filed 
on Sep. 30 , 2014. The Applicant hereby rescinds any dis 
claimer of claim scope in the parent application ( s ) or the 
prosecution history thereof and advises the USPTO that the 
claims in this application may be broader than any claim in 
the parent application ( s ) . 

[ 0006 ] The novel features of the invention are set forth in 
the appended claims . However , for purpose of explanation , 
several embodiments of the invention are set forth in the 
following figures . 
[ 0007 ] FIG . 1 conceptually illustrates a process for pro 
viding dynamic navigation warnings . 
[ 0008 ] FIG . 2 illustrates an example of a scenario in which 
a dynamic navigation warning is provided to a user . 
[ 0009 ] FIG . 3 conceptually illustrates an example of a 
dynamic warning system . 
[ 0010 ] FIG . 4 conceptually illustrates a process for gen 
erating dynamic navigation warnings . 
[ 0011 ] FIG . 5 illustrates different scenarios in which a 
navigation application determines whether to provide a 
navigation warning . 
[ 0012 ] FIG . 6 illustrates different scenarios in which a 
navigation application modifies different aspects of a navi 
gation warning . 
[ 0013 ] FIG . 7 illustrates an example of modifying the 
timing for a navigation warning . 
[ 0014 ] FIG . 8 illustrates an example of an architecture of 
a mobile computing device . 
[ 0015 ] FIG . 9 illustrates a map service operating environ 
ment . 

BACKGROUND 

[ 0002 ] Mapping and navigation applications allow users 
to browse maps and get navigation instructions for different 
routes . Some navigation applications provide warnings for 
users of the application while navigating a route . Despite 
their popularity , the mapping and navigation applications 
and the warnings that they provide have shortcomings that 
cause inconvenience to the users . 

BRIEF SUMMARY 
DETAILED DESCRIPTION 

[ 0003 ] The invention of some embodiments provides a 
navigation application that presents a dynamic set of warn 
ings . The navigation application collects a series of data and 
identifies a set of critical points along the route . The critical 
points of some embodiments are dangerous areas of the 
route based on the collected data . The navigation application 
of some embodiments analyzes the collected data to deter 
mine whether to provide a navigation warning to the user . 
For example , in some embodiments , the navigation appli 
cation analyzes the collected data to determine a safe trav 
eling speed for a particular critical point and determines 
whether to provide a navigation warning to the user based on 
the user's current traveling speed . 
[ 0004 ] In some embodiments , the navigation application 
uses the collected data to determine whether a navigation 
instruction for the critical point should be modified to 
account for different driving conditions . For example , in 
some embodiments the navigation application determines 
that a navigation instruction should be modified when the 
road conditions are particularly poor . The navigation appli 
cation of some embodiments also determines a timing for 
when a navigation instruction should be provided to the user 
based on the collected data to ensure that the instruction is 
presented to the user with sufficient time to safely adjust 
their behavior . 

[ 0005 ] The preceding Summary is intended to serve as a 
brief introduction to some embodiments of the invention . It 
is not meant to be an introduction or overview of all 
inventive subject matter disclosed in this document . The 
Detailed Description that follows and the Drawings that are 
referred to in the Detailed Description will further describe 
the embodiments described in the Summary as well as other 
embodiments . Accordingly , to understand all the embodi 
ments described by this document , a full review of the 
Summary , Detailed Description and the Drawings is needed . 

[ 0016 ] In the following detailed description of the inven 
tion , numerous details , examples , and embodiments of the 
invention are set forth and described . However , it will be 
clear and apparent to one skilled in the art that the invention 
may be practiced without some of the specific details and 
examples discussed . 
[ 0017 ] In order to provide better navigation instructions 
for a user of a navigation application , the navigation appli 
cation of some embodiments provides dynamic navigation 
instructions . The dynamic navigation instructions take vari 
ous factors into account to enable a user to safely maneuver 
through potentially dangerous areas without overwhelming 
the user with unnecessary navigation instructions . 
[ 0018 ] The navigation application of some embodiments 
provides a dynamic set of warnings . The navigation appli 
cation collects a series of data and identifies a set of critical 
points along the route . The critical points of some embodi 
ments are dangerous areas of the route based on the collected 
data . The navigation application of some embodiments 
analyzes the collected data to determine whether to provide 
a navigation warning to the user . In some embodiments , the 
navigation application uses the collected data to determine 
whether a navigation instruction for the critical point should 
be modified to account for different driving conditions . The 
navigation application of some embodiments determines a 
timing for when a navigation instruction should be provided 
to the user , ensuring that the instruction is presented to the 
user with sufficient time to safely adjust their behavior . 
[ 0019 ] FIG . 1 conceptually illustrates a process for pro 
viding dynamic navigation instructions along a route . In 
some embodiments , the process 100 of FIG . 1 is performed 
by a dynamic warning system as described below in FIG . 3 . 
The process 100 may be performed at specified intervals , 
continuously , or may be performed each time new naviga 
tion instructions are received by the navigation application . 
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[ 0020 ] The process 100 collects ( at 105 ) various informa 
tion , such as route and hazard data , external conditions ( i.e. , 
as weather , road conditions , etc. ) as well as internal vehicle 
conditions ( i.e. , speed , tire condition , brake condition , etc. ) . 
The process 100 then uses the received information to 
identify ( at 110 ) a set of critical points along the route . The 
critical points may include hazardous curves , road hazards 
( e.g. , potholes , construction , etc. ) , or other points along the 
route that may require additional attention . The critical 
points may be identified based on road vector data , accident 
data , road hazard data , etc. 
[ 0021 ] The process 100 then calculates ( at 115 ) additional 
information in order to generate the dynamic navigation 
warnings . The additional information in some embodiments 
includes data that can be used in determining what type of 
navigation warning to generate ( e.g. , safe stopping distance , 
visibility , etc. ) . 
[ 0022 ] The process 100 determines ( at 120 ) whether to 
present a navigation warning based on the collected data and 
the calculated information . When the process 100 deter 
mines that a navigation warning is necessary , the process 
100 generates ( at 125 ) a navigation warning for the critical 
point based on the various collected and calculated infor 
mation to provide safe warnings for the user . Generating the 
warning in some embodiments includes determining 
whether to provide a warning at all , modifying a warning 
based on driving conditions , determining what type of 
warning to provide , and determining when to provide the 
warning to the user . 
[ 0023 ] In some embodiments , the timing , instruction , and 
method of providing of a navigation warning may all be 
modified based on the collected and calculated information . 
For example , when a user is traveling in snowy and dark 
conditions , an audio warning may be provided earlier to 
caution the user to drive slower , than when the user is 
traveling in sunny and dry conditions . 
[ 0024 ] When the process 100 determines ( at 120 ) not to 
present a warning , the process 100 ends . Although generat 
ing a new navigation warning for a critical point was 
described , in some embodiments generating a navigation 
warning includes modifying existing warnings based on the 
collected information . 
[ 0025 ] The steps of process 100 may not always be 
performed in the same order . For example , although data 
collection is described in a single step ( step 105 of FIG . 1 ) , 
the data collection of some embodiments may instead take 
place at various different points during the process , or may 
be continually updated as the process is performed . In some 
embodiments , different types of data is collected at different 
points during the process ( e.g. , route data is collected to 
identify critical points , while weather information may not 
be collected until the navigation instructions are generated ) , 
or the same data may be collected and refreshed multiple 
times during the process . 
[ 0026 ] Having described an example process , an example 
of providing a dynamic navigation warning will now be 
described by reference to FIG . 2. FIG . 2 illustrates an 
example of a scenario in which a dynamic navigation 
warning is provided to a user of a navigation application . 
The first stage 201 illustrates a road 205 with a curve 220 , 
a vehicle 210 , and a warning sign 215 . 
[ 0027 ] In the first stage 201 , the vehicle 210 is traveling 
along the road 205. The user is running a navigation 
application on a mobile , device ( e.g. , a smartphone , UPS 

system , etc. ) to get navigation instructions for a particular 
route . The vehicle 210 is approaching the curve 220. The 
navigation application of some embodiments collects data , 
such as weather , vehicle , and road conditions , as well as 
route data to then identify the curve 220 ( or the warning sign 
215 ) as an upcoming critical point . In this example , the 
speed of the vehicle is 55 , which is a safe traveling speed 
based on the current conditions . The navigation application 
of some embodiments also calculates additional condition 
factors , such as a safe stopping distance , visibility , etc. 
[ 0028 ] In the second stage 202 , the vehicle 210 has 
progressed along the road 205 and is closer to the curve 220 . 
The second stage 202 further shows that the user is presented 
with a dynamic navigation warning 225. The navigation 
warning 225 may be dynamic for a variety of reasons . In 
some embodiments , whether the navigation warning is pre 
sented at all is dynamic , based on various environmental and 
vehicle conditions . In some embodiments , the instruction , or 
the timing , or the method of presenting the navigation 
warning is dynamic , changing based on the various envi 
ronmental or vehicle conditions . As examples , a warning 
may only be presented in certain road conditions , or may be 
presented earlier when it is snowing , or may be presented as 
an audio instruction when road visibility is low . In this 
example , the navigation application provides a warning 225 
to reduce the user's speed to 45 mph for the upcoming curve 
220 . 
[ 0029 ] FIG . 3 illustrates an example of a dynamic warning 
system 300 that generates dynamic warnings during navi 
gation . The dynamic warning system 300 of some embodi 
ments runs as an application on a mobile device , such as a 
UPS navigation device , a mobile phone , etc. Although the 
invention is described as a part of a navigation application , 
some embodiments provide warnings outside of a navigation 
application . In some embodiments , the warnings are pro 
vided by a background application that is able to provide 
navigation warnings to a user , even when the user is not 
receiving navigation instructions . 
[ 0030 ] The dynamic warning system 300 includes a data 
collector 305 , a critical point identifier 310 , a calculation 
engine 315 , and a warning generation module 320. The 
dynamic warning system 300 receives inputs from data 
service 335 and external sensors 340 and outputs the gen 
erated dynamic warnings to the output module 345. In some 
embodiments , the output is presented on a display screen of 
the device or as an audio instruction through speakers of the 
device . 
[ 0031 ] In some embodiments , the dynamic warning sys 
tem 300 periodically performs automated processes that 
determine whether to provide and / or modify navigation 
warnings for a route that is being navigated by a user . In 
some embodiments , the processes run periodically or con 
tinuously in the background of the application , only provid 
ing and / or modifying navigation warnings when the 
dynamic warning system 300 determines that the navigation 
warnings are necessary . 
[ 0032 ] The data collector 305 of the dynamic warning 
system 300 collects data from various information sources . 
The various information sources may be internal or external 
to the device on which the dynamic warning system 300 is 
executed . In the example of this figure , data service 335 and 
external sensors 340 are external information sources 
accessed by the data collector 305. The data service 335 
includes multiple data services that may be accessed by the 
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[ 0038 ] The warning generation module 320 uses the cal 
culated and collected information to generate dynamic warn 
ings to present to the user . The warning generation module 
320 determines ( i ) whether it is necessary to provide a 
warning to the user , ( ii ) what type of warning to provide to 
the user , ( iii ) how to modify the instruction for the user , and 
( iv ) when to provide the warning to the user based on the 
collected and calculated information . Some example opera 
tions of the warning generation module 320 will be 
described below by reference to FIGS . 4-7 . 
[ 0039 ] Once the warning generation module 320 has gen 
erated dynamic warnings for the user , it supplies the navi 
gation warning to the output module 345. The output module 
345 then presents the warning to the user ( e.g. , on a display 
screen of the device or as an audio instruction through 
speakers of the device ) . The provision of dynamic naviga 
tion warnings was described generally above . Additional 
details for the different parts of the process will be described 
in the sections below . 
[ 0040 ] Section I describes the data collection process , 
which includes gathering data from the various data sources , 
identifying the critical points , and calculating additional data 
based on the collected data and the critical points . Section II , 
then describes the identification of critical points and the 
calculation of additional condition factors for dynamic navi 
gation warnings . Next Section describes the generation of dynamic warnings for navigation . Finally , Section IV 
describes an example of an electronic device and system 
used to implement the processes of the invention . 

I. Data Collection 

data collector 305 through a network ( such as the Internet ) 
or other communication channels . The data service 335 
provides multiple information services such as weather , 
traffic , navigation , etc. The data service 335 of some 
embodiments also includes data that is obtained or collected 
from other users of the system . The external sensors 340 of 
some embodiments include sensors of a vehicle used for 
navigating a route . Such external sensors 340 are used in 
some embodiments to detect environmental or vehicle con 
ditions , such as road conditions , brake conditions , etc. 
[ 0033 ] In addition to the external information sources , the 
data collector 305 also accesses various internal information 
sources , such as internal sensors 325 and route database 330 . 
The internal sensors 325 of some embodiments include 
sensors located within the device , such as GPS , an acceler 
ometer , a gyroscope , WiFi sensors , etc. The internal sensors 
may be used in the place of the external sensors 340 , or to 
supplement the data received from external sensors 340 to 
detect the environmental and / or vehicle conditions . 
[ 0034 ] The route database 330 stores information about 
the route . The information stored in the route database 330 
of some embodiments includes road hazard information , 
road vector data , accident statistics , etc. Although the route 
database is shown as a local database in the dynamic 
warning system , it should be understood that the route 
database 330 may be an external database ( e.g. , located in 
the vehicle's computer system , accessed through a data 
service 335 , third party vendors , etc. ) . Although FIG . 3 
illustrates an example with several different data sources , in 
some embodi nts , data is not collected from all of the 
illustrated data sources and may be collected from additional 
data sources not shown in this figure . 
[ 0035 ] The critical point identifier 310 receives data col 
lected by the data collector 305 and uses the data to identify 
upcoming critical points along the route . The critical points 
may be determined based on road vector data , accident data , 
road hazard data , etc. The critical points may include haz 
ardous curves , road hazards ( e.g. , potholes , construction , 
etc. ) , or other points along the route that may require 
additional attention . The critical point identifier 310 may 
also identify a critical point based on visibility of a hazard 
or of signage near a particular turn or road feature . 
[ 0036 ] In some embodiments , the critical point identifier 
310 uses the calculation engine 315 to identify additional 
critical points . For example , in some embodiments , the 
critical point identifier 310 uses the calculation engine 315 
to calculate a risk factor for a particular curve based on 
historic accident data or based on the angle of the curve 
calculated based on road vector data . 

[ 0037 ] The calculation engine 315 receives the critical 
points from the critical point identifier 310 , and uses data 
from the data collector 305 to perform various calculations 
necessary to generate dynamic warnings for the received 
critical points . The calculations are based on data from 
several of the information sources . For example , in some 
embodiments , the calculation engine 315 calculates a safe 
stopping factor based on tire and brake conditions of the 
vehicle received from external sensors 340 , weather infor 
mation received from data service 335 , and road conditions 
received from route database 330. The safe stopping factor 
can then be used in some embodiments to identify a safe 
traveling speed or an amount of time necessary to reach a 
safe traveling speed for a particular critical point . 

[ 0041 ] In order to provide dynamic navigation instruc 
tions , the navigation application collects and calculates 
various sets of data . The various sets of data are used at 
several different points of the process and are collected from 
various sources through various methods . The navigation 
application collects several different types of information , 
including route information , vehicle information , and envi 
ronmental information . 
[ 0042 ] Route information may collected various 
sources ( e.g. , from a local database or from a navigation 
service over the Internet , etc. ) . The route information of 
some embodiments includes road vector information , acci 
dent data , road hazard data , traffic data , etc. The collected 
route information is used in some embodiments to identify 
critical points along a route . For example , in some embodi 
ments the navigation application identifies road hazards 
( e.g. , potholes , accidents , etc. ) from a road hazard database 
as critical points . The navigation application of some 
embodiments also performs further calculations or analysis 
on the information to identify the critical points . For 
example , the navigation application of some embodiments 
identifies a road feature ( e.g. , a sharp curve , steep incline , 
etc. ) , as a critical point based on a high accident rate at that 
particular location . 
[ 0043 ] As with the route information , the vehicle infor 
mation is collected from multiple sources . The navigation 
application of some embodiments collects the data directly 
from the vehicle , such as through vehicle sensors or an API 
that communicates with the vehicle computer . In some 
embodiments , the navigation application collects vehicle 
data from other sources , such as through user input ( e.g. , the 
user inputs the year , make , and model of the vehicle ) , or 
through sensors on a mobile device executing the navigation 
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application ( e.g. , detecting the vehicle speed through a GPS 
module on the mobile device ) . The vehicle information of 
some embodiments includes car condition ( e.g. , tire age , 
brake conditions , etc. ) , speed , acceleration profiles , etc. The 
collected vehicle information is used to calculate different 
factors that are useful in generating dynamic warnings . For 
example , in some embodiments , the car conditions and the 
weather are used to determine a braking variable that mea 
sures the ability of the vehicle to slow down or stop in the 
current conditions . 
[ 0044 ] The environmental information describes the con 
ditions of the environment around the vehicle . The environ 
mental data of some embodiments includes weather condi 
tions , ambient light detection , etc. The environmental data 
can be collected from various data sources of the navigation 
application . For example , in some embodiments , wet road 
conditions may be detected by sensors on the vehicle and 
also collected from an external data source , such as an 
Internet weather service . The data is then used to further 
customize the navigation warnings for the current road and 
weather conditions . 

curve is calculated for the vehicle based on the tire and brake 
conditions , as well as weather conditions . The time to reach 
the safe traveling speed may be based on the calculated safe 
traveling speed as well as the distance to the critical point . 
These calculated values are then used to provide dynamic 
navigation warnings by , for example , modifying the timing 
or the instruction for a navigation warning based on the safe 
traveling speed . 
[ 0049 ] In some embodiments , the calculations are based 
on a set of lookup tables that provides weightings or 
adjustment values for different conditions . For example , in 
some embodiments , when the navigation application deter 
mines that it is raining , the navigation application accesses 
a weather lookup table to identify an adjustment value for 
snowy weather . The navigation application uses the adjust 
ment value , or a set of adjustment values , to determine the 
different condition factors such as a safe traveling speed or 
a stopping distance . For example , if the adjustment value for 
snowy weather is 0.8 , and the normal safe traveling speed 
for a particular curve is 45 mph , the navigation application 
may determine that the safe speed for the curve during 
snowy weather is 36 mph . In some embodiments , the speeds 
are rounded to the nearest multiple of 5 ( i.e. , 36 mph would 
be rounded to 35 mph ) . 
[ 0050 ] The navigation application of some embodiments 
uses more involved calculations to determine the different 
condition factors . In some embodiments , rather than simply 
performing a lookup for the current weather conditions , the 
navigation application collects additional weather informa 
tion , such as previous weather conditions to calculate the 
condition factors . For example , the navigation application of 
some embodiments accounts for how long it has been 
raining , or when it detects freezing temperatures , determines 
whether it has rained recently to determine a likelihood for 
black ice or other dangerous road conditions . 

II . Critical Points and Condition Factors 

[ 0045 ] The navigation application uses the various col 
lected sets of data to identify critical points along the route 
and to calculate additional condition factors that may affect 
the nature of a dynamic navigation warning for a particular 
critical point . The navigation application identifies critical 
points along a route that may require additional attention . 
The critical points of some embodiments include hazardous 
road features ( e.g. , sharp curves , steep inclines , etc. ) and 
road hazards ( e.g. , potholes , construction , etc. ) . 
[ 0046 ] In some embodiments , rather than identifying a 
particular road feature as a critical point , the navigation 
application of some embodiments identifies a critical point 
based on visibility of a hazard or of signage near the 
particular road feature . For example , data collected by the 
navigation application may reveal that signage for a par 
ticular sharp curve is not visible until the vehicle is within 
150 m of the curve . In some embodim ts , rather than the 
curve itself , the navigation application would identify the 
visibility point of the signage ( i.e. , 150 m before the curve ) 
as the critical point . Based on the visibility point , the 
navigation application of some embodiments determines a 
safe traveling speed for approaching the curve that allows a 
driver to react to the signage and reach a safe traveling speed 
for the curve itself . 
[ 0047 ] In addition to identifying critical points based on 
the various data sources , the navigation application of some 
embodiments identifies critical points using calculations 
based on road vector data , historic accident data , etc. For 
example , in some embodiments , the navigation application 
analyzes historic accident data to identify locations along the 
route with a high accident rate . 
[ 0048 ] In addition to performing calculations to identify 
critical points , the navigation application performs calcula 
tions to identify additional information , or condition factors , 
based on the collected information and the identified critical 
points in order to provide the dynamic navigation warnings . 
In some embodiments , the navigation application calculates 
condition factors such as a safe traveling speed , an amount 
of time to reach the safe traveling speed for a critical point , 
a stopping distance for the vehicle , etc. For example , in 
some embodiments , a safe traveling speed for a particular 

III . Providing Dynamic Warnings 
[ 0051 ] Based on the collected data and calculated infor 
mation , the navigation application of some embodiments 
generates dynamic navigation warnings , FIG . 4 conceptu 
ally illustrates a process for generating dynamic navigation 
warnings . FIG . 4 will be described with reference to FIGS . 
5-7 . The process 400 of some embodiments is performed by 
the warning generation module 320 as described above with 
reference to FIG . 3 . 
[ 0052 ] The process 400 receives ( at 405 ) the information 
collected and calculated as described above in Sections I and 
II . The process 400 determines ( at 410 ) whether a navigation 
warning should be provided to the user . In some embodi 
ments , determining whether to provide a navigation warning 
is based on the collected and calculated information . For 
example , when the vehicle is already traveling at the safe 
traveling speed for a particular curve , the navigation appli 
cation may determine that no navigation warning is neces 
sary . When the process 400 determines ( at 410 ) not to 
provide a navigation warning , the process 400 returns to step 
405 . 
[ 0053 ] FIG . 5 illustrates different scenarios in which a 
navigation application determines whether to provide a 
navigation warning . The navigation application performs the 
determination based on various types of data that are col 
lected . In the first scenario 501 , the vehicle 510 is traveling 
along the road 505 at 55 mph . The weather is sunny and the 
roads are dry , so the navigation application determines that 
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55 mph is a safe speed for the approaching curve 520. In the 
first scenario 501 , the navigation application determines that 
a navigation warning is not necessary and does not provide 
a navigation warning for the user . 
[ 0054 ] The second scenario 502 illustrates an example in 
which the vehicle is speeding along at 75 mph . As the 
vehicle is traveling at a speed that is beyond a safe threshold 
for the approaching curve 520 , the navigation application 
determines that a navigation warning is desired and presents 
a navigation warning 525. The navigation warning 525 
advises the user to reduce their speed to 55 mph . 
[ 0055 ] The third scenario 503 illustrates an example in 
which the road conditions are good , but because it is a 
cloudy night , visibility is affected . In some embodiments , 
the navigation application would not normally provide a 
navigation warning because the user is already traveling at 
a safe traveling speed with enough time to slow down after 
seeing the sign 515. However , in this scenario , the naviga 
tion application determines that a navigation warning should 
be provided because the signage 515 regarding the upcom 
ing curve 520 may not be clearly visible due to the dark . The 
navigation application provides a navigation warning 525 , 
warning the user to reduce their speed to 55 mph . 
[ 0056 ] The fourth scenario 504 illustrates an example in 
which the navigation application determines whether to 
provide a navigation warning based on the weather . In some 
embodiments , the navigation application determines to pro 
vide a navigation warning when the instruction for the 
warning is different than warnings provided by street signs 
or with the route data . In the example of the fourth scenario 
504 , the weather is rainy and results in poor road conditions . 
Based on the weather , as well as the braking and tire 
condition of the vehicle , the navigation application deter 
mines that a safe speed for the upcoming curve 520 is lower 
than the presented sign 515 and provides a navigation 
warning 525 with an instruction advising the user to slow 
down to 45 mph . In addition to determining that a navigation 
warning should be provided , in the example of stage 504 , the 
navigation instruction for the navigation warning was also 
modified based on the road conditions . Examples of modi 
fying the navigation instructions for a navigation warning 
are described below with reference to FIG . 6 . 
[ 0057 ] Referring back to FIG . 4 , when the process deter 
mines ( at 410 ) to provide a navigation warning , the process 
400 determines whether to modify ( at 415 ) the navigation 
warning . The navigation warning may be modified in dif 
ferent ways based on the various collected in formation . 
[ 0058 ] FIG . 6 illustrates different scenarios in which a 
navigation application modifies different aspects of a navi 
gation warning . In the first scenario 601 , the vehicle 610 is 
traveling along the road 605. A standard navigation warning 
625 is provided at a default time or distance prior to the 
critical point , i.e. , curve 620. In the first scenario 601 , the 
navigation instruction of the navigation warning 625 advises 
the driver to slow down to 55 mph . In some embodiments , 
this is a default instruction that is received as a part of the 
route . 
[ 0059 ] In the second scenario 602 , unlike the first scenario 
601 , the weather is poor , indicating possibly slick road 
conditions . The navigation application calculates a safe 
traveling speed based on the environmental data and deter 
mines that the default instruction to drive at 55 mph is no 
longer appropriate . The navigation application modifies the 
navigation instruction of the navigation warning 625 , advis 

ing the user to slow down to 45 mph , rather than 55 mph . 
The navigation application of some embodiments modifies 
the instruction of the navigation warning based on the 
collected and calculated information to allow a user to travel 
at a safe speed through the critical points along the route . 
[ 0060 ] As another example of modifying the instruction of 
a navigation warning , the navigation application of some 
embodiments modifies the instruction of a navigation warn 
ing to advise the user to travel in a particular lane along the 
route . For example , when a pothole is identified along the 
route ( e.g. , through a road hazards database ) , the navigation 
application of some embodiments modifies the instruction of 
a navigation warning to advise a user to travel in a particular 
lane along the road . In some embodiments , rather than 
modifying an existing instruction , the navigation application 
provides a new instruction to direct the user to move to a 
specified lane . 
[ 0061 ] In the third scenario 603 , like the second scenario 
602 , the weather is poor and the navigation application 
provides navigation instruction 625. However , in the third 
scenario 603 , the vehicle is traveling at night . The navigation 
application determines that the weather and the time of day 
have affected visibility , requiring increased attention to the 
road . In some embodiments , when the navigation applica 
tion determines that increased attention is required on the 
road , the navigation application not only modifies the 
instruction of the navigation warning ( e.g. , reducing the 
recommended speed from 55 mph to 45 mph ) , but also 
modifies the way that the warning is provided . For example , 
in some embodiments , the navigation application provides 
an audio warning rather than ( or in addition to ) a warning on 
the screen of the device , even when the navigation applica 
tion is not set to provide audio navigation instructions . By 
modifying the way that the warning is provided , the navi 
gation application is able to emphasize the importance of an 
upcoming critical point and to provide safer instructions 
because the user does not have to watch the display screen 
of the device . 
[ 0062 ] Referring back to FIG . 4 , the process 400 then 
determines ( at 425 ) whether to modify the timing fir the 
navigation warning . As with determining whether to modify 
the warning instruction at step 415 , the process 400 takes the 
collected and calculated information and determines 
whether to change the timing for a navigation warning . In 
some embodiments , the timing for the navigation warning is 
not modified and is presented at a set time or distance before 
reaching a critical point . When the process 400 determines 
( at 425 ) not to modify the timing for the warning instruction , 
the process continues to step 435 and provides the naviga 
tion warning . 
[ 0063 ] When the process 400 determines ( at 425 ) to 
modify the timing for the navigation warning , the process 
modifies ( at 430 ) the timing for the navigation warning . The 
timing for the navigation warning of some embodiments is 
modified based on route , vehicle or environmental condi 
tions in order to give the driver enough time to safely 
decelerate to the sale traveling speed . In some embodiments , 
the process 400 analyzes the safe traveling speed for a 
critical point and the time or distance necessary to reach the 
safe traveling speed in order to calculate a time or distance 
prior to the critical point at which to provide the navigation 
warning . As another example , in some embodiments , each 
navigation warning has a default time or distance before the 
critical point at which the warning is presented . The process 
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400 then uses adjustment values to weight the different 
environmental or vehicle conditions to shorten or lengthen 
the time or distance before the critical point at which the 
warning is presented . 
[ 0064 ] FIG . 7 illustrates an example of modifying the 
timing for a navigation warning . The first scenario 701 
illustrates an example in which , on a sunny day , a first 
warning 725 is provided for the user . The first warning 725 
includes an instruction to reduce the speed to 55 mph . The 
first warning 725 may be a default warning that is set to 
display at a particular time or distance before a critical point 
and is unmodified because the weather and road conditions 
are good . 
[ 0065 ] The second scenario 702 illustrates an example in 
which , like the example of scenario 502 of FIG . 5 , the 
instruction for navigation warning 725 is modified to advise 
the user to reduce speed to 45 mph . However , in this 
scenario , in addition to modifying the instruction , the navi gation warning is provided to the user at an earlier point in 
time than the warning 725 that is provided in the first 
scenario 701. In this example , the navigation application 
determines that the roads may be slick due to the rain , and 
in addition to identifying a lower safe travel speed , the 
navigation application also determines that it will take 
longer to decelerate to the safe traveling speed . The navi 
gation application of some embodiments uses an adjustment 
value based on the various condition factors to modify the 
navigation warning to be presented to the user at an earlier 
time or at a greater distance before the critical point . While 
in this example , both the instruction and the timing of the 
navigation warning are modified , in sonie embodiments , 
only one or neither of the modifications may be performed 
on the navigation warning . 
[ 0066 ] The process 400 provides ( at 435 ) the navigation 
warnings . The navigation warnings of some embodiments 
are provided on a display screen of a device , through 
speakers of either the audio device or the vehicle , or a 
combination of the two , or through any other method of 
output . 

distinct software inventions . In some embodiments , multiple 
software inventions can also be implemented as separate 
programs . Finally , any combination of separate programs 
that together implement a software invention described here 
is within the scope of the invention . In some embodiments , 
the software programs , when installed to operate on one or 
more electronic systems , define one or more specific 
machine implementations that execute and perform the 
operations of the software programs . 
[ 0069 ] The mapping and navigation applications of some 
embodiments operate on mobile devices , such as smart 
phones ( e.g. , iPhones® ) and tablets ( e.g. , iPads® ) . FIG . 8 is 
an example of an architecture 800 of such a mobile com 
puting device . Examples of mobile computing devices 
include smartphones , tablets , laptops , etc. As shown , the 
mobile computing device 800 includes one or more pro 
cessing units 805 , a memory interface 810 and a peripherals 
interface 815 . 
[ 0070 ] The peripherals face 815 is coupled to various 
sensors and subsystems , including a camera subsystem 820 , 
a wireless communication subsystem ( s ) 825 , an audio sub 
system 830 , an I / O subsystem 835 , etc. The peripherals 
interface 815 enables communication between the process 
ing units 805 and various peripherals . For example , an 
orientation sensor 845 ( e.g. , a gyroscope ) and an accelera 
tion sensor 850 ( e.g. , an accelerometer ) is coupled to the 
peripherals interface 815 to facilitate orientation and accel 
eration functions . 
[ 0071 ] The camera subsystem 820 is coupled to one or 
more optical sensors 840 ( e.g. , a charged coupled device 
( CCD ) optical sensor , a complementary metal - oxide - semi 
conductor ( CMOS ) optical sensor , etc. ) . The camera sub 
system 820 coupled with the optical sensors 840 facilitates 
camera functions , such as image and / or video data captur 
ing . The wireless communication subsystem 825 serves to 
facilitate communication functions . In some embodiments , 
the wireless communication subsystem 825 includes radio 
frequency receivers and transmitters , and optical receivers 
and transmitters ( not shown in FIG . 8 ) . These receivers and 
transmitters of some embodiments are implemented to oper 
ate over one or more communication networks such as a 
GSM network , a Wi - Fi network , a Bluetooth network , etc. 
The audio subsystem 830 is coupled to a speaker to output 
audio ( e.g. , to output voice navigation instructions ) . Addi 
tionally , the audio subsystem 830 is coupled to a microphone 
to facilitate voice - enabled functions , such as voice recogni 
tion ( e.g. , for searching ) , digital recording , etc. 
[ 0072 ] Conjunctively , or alternatively , some embodiments 
also include a wired communication subsystem to facilitate 
communication functions with a vehicle's electronic system . 
In some embodiments , the wired communication system 
includes a USB connector for connecting the mobile device 
to a vehicle electronic system . The interface of some 
embodiments for communicating with a vehicle electronic 
system is described in further detail in U.S. Patent Publica 
tions 2009/0284476 , 2010/0293462 , 2011/0145863 , 2011 / 
0246891 , and 2011/085003 , which are incorporated herein 
by reference . 
[ 0073 ] The I / O subsystem 835 involves the transfer 
between input / output peripheral devices , such as a display , 
a touch screen , etc. , and the data bus of the processing units 
805 through the peripherals interface 815. The I / O subsys 
tem 835 includes a touch - screen controller 855 and other 
input controllers 860 to facilitate the transfer between input / 

IV . Electronic Device and System 
[ 0067 ] Many of the above - described features and applica 
tions are implemented as software processes that are speci 
fied as a set of instructions recorded on a computer or 
machine readable storage medium ( also referred to as com 
puter or machine readable medium ) . When these instruc 
tions are executed by one or more computational or pro 
cessing unit ( s ) ( e.g. , one or more processors , cores of 
processors , or other processing units ) , they cause the pro 
cessing unit ( s ) to perform the actions indicated in the 
instructions . Examples of computer readable media include , 
but are not limited to , CD - ROMs , flash drives , random 
access memory ( RAM ) chips , hard drives , erasable pro 
grammable read - only memories ( EPROMs ) , electrically 
erasable programmable read - only memories ( EEPROMs ) , 
etc. The computer readable media does not include carrier 
waves and electronic signals passing wirelessly or over 
wired connections . 
[ 0068 ] In this specification , the term “ software ” is meant 
to include firmware residing in read - only memory or appli 
cations stored in magnetic storage which can be read into 
memory for processing by a processor . Also , in some 
embodiments , multiple software inventions can be imple 
mented as sub - parts of a larger program while remaining 
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output peripheral devices and the data bus of the processing 
units 805. As shown , the touch - screen controller 855 is 
coupled to a touch screen 865. The touch - screen controller 
855 detects contact and movement on the touch screen 865 
using any of multiple touch sensitivity technologies . The 
other input controllers 860 are coupled to other input / control 
devices , such as one or more buttons . Some embodiments 
include a near - touch sensitive screen and a corresponding 
controller that can detect near - touch interactions instead of 
or in addition to touch interactions . 
[ 0074 ] The memory interface 810 is coupled to memory 
870. In some embodiments , the memory 870 includes vola 
tile memory ( e.g. , high - speed random access memory ) , 
non - volatile memory ( e.g. , flash memory ) , a combination of 
volatile and non - volatile memory , and / or any other type of 
memory . As illustrated in FIG . 8 , the memory 870 stores an 
operating system ( OS ) 872. The OS 872 includes instruc 
tions for handling basic system services and for performing 
hardware dependent tasks . 
[ 0075 ] The memory 870 also includes communication 
instructions 874 to facilitate communicating with one or 
more additional devices ; graphical user interface instruc 
tions 876 to facilitate graphic user interface processing ; 
image processing instructions 878 to facilitate image - related 
processing and functions ; input processing instructions 880 
to facilitate input - related ( e.g. , touch input ) processes and 
functions ; audio processing instructions 882 to facilitate 
audio - related processes and functions , and camera instruc 
tions 884 to facilitate camera - related processes and func 
tions . The instructions described above are merely exem 
plary and the memory 870 includes additional and / or other 
instructions in some embodiments . For instance , the 
memory for a smartphone may include phone instructions to 
facilitate phone - related processes and functions . Addition 
ally , the memory may include instructions for a mapping and 
navigation application as well as other applications . The 
above - identified instructions need not be implemented as 
separate software programs or modules . Various functions of 
the mobile computing device can be implemented in hard 
ware and / or in software , including in one or more signal 
processing and / or application specific integrated circuits . 
[ 0076 ] While the components illustrated in FIG . 8 are 
shown as separate components , one of ordinary skill in the 
art will recognize that two or more components may be 
integrated into one or more integrated circuits . In addition , 
two or more components may be coupled together by one or 
more communication buses or signal lines . Also , while many 
of the functions have been described as being performed by 
one component , one of ordinary skill in the art will realize 
that the functions described with respect to FIG . 8 may be 
split into two or more integrated circuits . 
[ 0077 ] Some , embodiments include electronic compo 
nents , such as microprocessors , storage and memory that 
store computer program instructions in a machine - readable 
or computer - readable medium ( alternatively referred to as 
computer - readable storage media , machine - readable media , 
or machine - readable storage media ) . Some examples of such 
machine - readable media include RAM , ROM , read - only 
compact discs ( CD - ROM ) , recordable compact discs ( CD 
R ) , rewritable compact discs ( CD - RW ) , read - only digital 
versatile discs ( e.g. , DVD - ROM , dual - layer DVD - ROM ) , a 
variety of recordable / rewritable DVDs ( e.g. , DVD - RAM , 
DVD - RW , DVD + RW , etc. ) , flash memory ( e.g. , SD cards , 
mini - SD cards , micro - SD cards , etc ) , magnetic and / or solid 

state hard drives , read - only and recordable Blu - Ray discs , 
ultra density optical discs , any other optical or magnetic 
media , and floppy disks . The machine - readable media may 
store a program that is executable by at least one processing 
unit and includes sets of instructions for performing various 
operations . Examples of programs or code include machine 
code , such as is produced by a compiler , and files including 
higher - level code that are executed by a computer , an 
electronic component , or a microprocessor using an inter 
preter . 
[ 0078 ] While the above discussion primarily refers to 
microprocessor or multi - core processors that execute soft 
ware , some embodiments are performed by one or more 
integrated circuits , such as application specific integrated 
circuits ( ASICs ) , customized ASICs or field programmable 
gate arrays ( FPGAs ) . In some embodiments , such integrated 
circuits execute instructions that are stored on the circuit 
itself . In addition , some embodiments execute software 
stored in programmable logic devices ( PLDs ) , ROM , or 
RAM devices . 
[ 0079 ] As used in this specification and any claims of this application , the terms " computer ” , “ server ” , “ processor ” , 
and “ memory ” all refer to electronic or other technological 
devices . These terms exclude people or groups of people . 
For the purposes of the specification , the terms display or 
displaying means displaying on an electronic device . As 
used in this specification and any claims of this application , 
the terms “ computer readable medium , ” “ computer readable 
media , ” and “ machine readable medium ” are entirely 
restricted to tangible , physical objects that store information 
in a form that is readable by a computer . These terms 
exclude any wireless signals , wired download signals , and 
any other ephemeral signals . 
[ 0080 ] As mentioned above , various embodiments may 
operate within a map service operating environment . FIG . 9 
illustrates a map service operating , environment , according 
to some embodiments . A map service 930 ( also referred to 
as mapping service ) may provide map services for one or 
more client devices 902a - 902c in communication with the 
map service 930 through various communication methods 
and protocols . A map service 930 in some embodiments 
provides map information and other map - related data , such 
as two - dimensional map image data ( e.g. , aerial view of 
roads utilizing satellite imagery ) , three - dimensional map 
image data ( e.g. , traversable map with three - dimensional 
features , such as buildings ) , route and direction calculation 
( e.g. , ferry route calculations or directions between two 
points for a pedestrian ) , real - time navigation data ( e.g. , 
turn - by - turn visual navigation data in two or three dimen 
sions ) , location data ( e.g. , where is the client device cur 
rently located ) , and other geographic data ( e.g. , wireless 
network coverage , weather , traffic information , or nearby 
points - of - interest ) . In various embodiments , the map service 
data may include localized labels for different countries or 
regions ; localized labels may be utilized to present map 
labels ( e.g. , street names , city names , points of interest ) in 
different languages on client devices . Client devices 902a 
902c may utilize these map services by obtaining map 
service data . Client devices 902a - 902c may implement 
various techniques to process map service data . Client 
devices 902a - 902c may then provide map services to vari 
ous entities , including , but not limited to , users , internal 
software or hardware modules , and / or other systems or 
devices external to the client devices 902a - 902c . 
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[ 0081 ] In some embodiments , a map service is imple 
mented by one or more nodes in a distributed computing 
system . Each node may be assigned one or more services or 
components of a map service . Some nodes may be assigned 
the same map service or component of a map service , A load 
balancing node in some embodiments distributes access or 
requests to other nodes within a map service . In some 
embodiments a map service is implemented as a single 
system , such as a single server . Different modules or hard 
ware devices within a server may implement one or more of 
the various services provided by a map service . 
[ 0082 ] A map service in some embodiments provides map 
services by generating map service data in various formats . 
In some embodiments , one format of map service data is 
map image data . Map image data provides image data to a 
client device so that the client device may process the image 
data ( e.g. , rendering and / or displaying the image data as a 
two - dimensional or three - dimensional map ) . Map image 
data , whether in two or three dimensions , may specify one 
or more map tiles . À map tile may be a portion of a larger 
map image . Assembling together the map tiles of a map 
produces the original map . Tiles may be generated from map 
image data , routing or navigation data , or any other map 
service data . In some embodiments map tiles are raster 
based map tiles , with tile sizes ranging from any size both 
larger and smaller than a commonly - used 256 pixel by 256 
pixel tile . Raster - based map tiles may be encoded in any 
number of standard digital image representations including , 
but not limited to , Bitmap ( .bmp ) , Graphics Interchange 
Format ( .gif ) , Joint Photographic Experts Group ( .jpg , jpeg , 
etc. ) , Portable Networks Graphic ( .png ) , or Tagged Image 
File Format ( .tiff ) . In some embodiments , map tiles are 
vector - based map tiles , encoded using vector graphics , 
including , but not limited to , Scalable Vector Graphics ( .svg ) 
or a Drawing File ( .drw ) . Some embodiments also include 
tiles with a combination of vector and raster data . Metadata 
or other information pertaining to the map tile may also be 
included within or along with a map tile , providing further 
map service data to a client device . In various embodiments , 
a map tile is encoded for transport utilizing various stan 
dards and / or protocols , some of which are described in 
examples below . 
[ 0083 ] In various embodiments , map tiles may be con 
structed from image data of different resolutions depending 
on zoom level . For instance , for low zoom level ( e.g. , world 
or globe view ) , the resolution of map or image data need not 
be as high relative to the resolution at a high zoom level 
( e.g. , city or street level ) . For example , when in a globe 
view , there may be no need to render street level artifacts as 
such objects would be so small as to be negligible in many 

Some embodiments also analyze map tiles for specified 
features that may be associated with certain map styles that 
contain style identifiers . 
[ 0085 ] Other map services generate map service data 
relying upon various data formats separate from a map tile 
in some embodiments . For instance , map services that 
provide location data may utilize data formats conforming to 
location service protocols , such as , but not limited to , Radio 
Resource Location services Protocol ( RRLP ) , TIA 801 for 
Code Division Multiple Access ( CDMA ) , Radio Resource 
Control ( RRC ) position protocol , or LTE Positioning Pro 
tocol ( LPP ) . Embodiments may also receive or request data 
from client devices identifying device capabilities or attri 
butes ( e.g. , hardware specifications or operating system 
version ) or communication capabilities ( e.g. , device com 
munication bandwidth as determined by wireless signal 
strength or wire or wireless network type ) . 
[ 0086 ] A map service may obtain map service data from 
internal or external sources . For example , satellite imagery 
used in map image data may be obtained from external 
services , or internal systems , storage devices , or nodes . 
Other examples may include , but are not limited to , GPS 
assistance servers , wireless network coverage databases , 
business or personal directories , weather data , government 
information ( e.g. , construction updates or road name 
changes ) , or traffic reports . Some embodiments of a map 
service may update map service data ( e.g. , wireless network 
coverage ) for analyzing future requests from client devices . 
[ 0087 ] Various embodiments of a map service may 
respond to client device requests for map services . These 
requests may be a request for a specific map or portion of a 
map . Some embodiments format requests for a map as 
requests for certain map tiles . In some embodiments , 
requests also supply the map service with starting locations 
( or current locations ) and destination locations for a route 
calculation . A client device may also request map service 
rendering information , such as map textures or style sheets . 
In at least some embodiments , requests are also one of a 
series of requests implementing turn - by - turn navigation . 
Requests for other geographic data may include , but are not 
limited to , current location , wireless network coverage , 
weather , traffic information , or nearby points - of - interest . 
[ 0088 ] A map service , in some embodiments , analyzes 
client device requests to optimize a device or map service 
operation . For instance , a map service may recognize that 
the location of a client device is in an area of poor commu 
nications ( e.g. , weak wireless signal ) and send more map 
service data to supply a client device in the event of loss in 
communication or send instructions to utilize different client 
hardware ( e.g. , orientation sensors ) or software ( e.g. , utilize 
wireless location services or Wi - Fi positioning instead of 
GPS - based services ) . In another example , a map service 
may analyze a client device request for vector - based map 
image data and determine that raster - based map data better 
optimizes the map image data according to the image's 
complexity . Embodiments of other map services may per 
form similar analysis on client device requests and as such 
the above examples are not intended to be limiting . 
[ 0089 ] Various embodiments of client devices ( e.g. , client 
devices 902a - 902c ) are implemented on different portable 
multifunction device types . Client devices 902a - 902c utilize 
map service 930 through various communication methods 
and protocols . In some embodiments , client devices 902a 
902c obtain map service data from map service 930. Client 

cases . 

[ 0084 ] A map service in some embodiments performs 
various techniques to analyze a map tile before encoding the 
tile for transport . This analysis may optimize map service 
performance for both client devices and a map service . In 
some embodiments map tiles are analyzed for complexity , 
according to vector - based graphic techniques , and con 
structed utilizing complex and non - complex layers . Map 
tiles may also be analyzed for common image data or 
patterns that may be rendered as image textures and con 
structed by relying on image masks . In some embodiments , 
raster - based image data in a map tile contains certain mask 
values , which are associated with one or more textures . 
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devices 902a - 902c request or receive map service data . 
Client devices 902a - 902c then process map service data 
( e.g. , render and / or display the data ) and may send the data 
to another software or hardware module on the device or to 
an external device or system . 
[ 0090 ] A client device , according to some embodiments , 
implements techniques to render and / or display maps . These 
maps may be requested or received in various formats , such 
as map tiles described above . A client device may render a 
map in two - dimensional or three - dimensional views . Some 
embodiments of a client device display a rendered map and 
allow a user , system , or device providing input to manipulate 
a virtual camera in the map , changing the map display 
according to the virtual camera's position , orientation , and 
field - of - view . Various tortes and input devices are imple 
mented to manipulate a virtual camera . In some embodi 
ments , touch input , through certain single or combination 
gestures ( e.g. , touch - and - hold or a swipe ) manipulate the 
virtual camera . Other embodiments allow manipulation of 
the device's physical location to manipulate a virtual cam 
era . For instance , a client device may be tilted up from its 
current position to manipulate the virtual camera to rotate 
up . In another example , a client device may be tilted forward 
from its current position to move the virtual camera forward . 
Other input devices to the client device may be implemented 
including , but not limited to , auditory input ( e.g. , spoken 
words ) , a physical keyboard , mouse , and / or a joystick . 
[ 0091 ] Some embodiments provide various visual feed 
back to virtual camera manipulations , such as displaying an 
animation of possible virtual camera manipulations when 
transitioning from two - dimensional map views to three 
dimensional map views . Some embodiments also allow 
input to select a map feature or object ( e.g. , a building ) and 
highlight the object , producing a blur effect that maintains 
the virtual camera's perception of three - dimensional space . 
[ 0092 ] In some embodiments , a client device implements 
a navigation system ( e.g. , turn - by - turn navigation ) . A navi 
gation system provides directions or route information , 
which may be displayed to a user . Some embodiments of a 
client device request directions or a route calculation from a 
map service . A client device may receive map image data 
and route data from a map service . In some embodiments , a 
client device implements a turn - by - turn navigation system , 
which provides real - time route and direction information 
based upon location information and route information 
received from a map service and / or other location system , 
such as Global Positioning Satellite ( OPS ) . A client device 
may display map image data that reflects the current location 
of the client device and update the map image data in 
real - time . A navigation system may provide auditory or 
visual directions to follow a certain route . 
[ 0093 ] A virtual camera is implemented to manipulate 
navigation map data according to some embodiments . Some 
embodiments of client devices allow the device to adjust the 
virtual camera display orientation to bias toward the route 
destination . Some embodiments also allow virtual camera to 
navigation turns simulating the inertial motion of the virtual 

provides rendering directions for image data containing style 
identifiers . In another example , common image textures may 
be stored to decrease the amount of map image data trans 
ferred from a map service . Client devices in different 
embodiments implement various modeling techniques to 
render two - dimensional and three - dimensional map image 
data , examples of which include , but are not limited to : 
generating three - dimensional buildings out of two - dimen 
sional building footprint data ; modeling two - dimensional 
and three - dimensional map objects to determine the client 
device communication environment ; generating models to 
determine whether map labels are seen from a certain virtual 
camera position ; and generating models to smooth transi 
tions between map image data . Some embodiments of client 
devices also order or prioritize map service data in certain 
techniques . For instance , a client device detects the motion 
or velocity of a virtual camera , which if exceeding certain 
threshold values , lower - detail image data is loaded and 
rendered of certain areas . Other examples include : rendering 
vector - based curves as a series of points , preloading map 
image data for areas of poor communication with a map 
service , adapting textures based on display zoom level , or 
rendering map image data according to complexity . 
[ 0095 ] In some embodiments , client devices communicate 
utilizing various data formats separate from a map tile . For 
instance , some client devices implement Assisted Global 
Positioning Satellites ( A - GPS ) and communicate with loca 
tion services that utilize data formats conforming to location 
service protocols , such as , but not limited to , Radio 
Resource Location services Protocol ( RRLP ) , TIA 801 for 
Code Division Multiple Access ( CDMA ) , Radio Resource 
Control ( RRC ) position protocol , or LTE Positioning Pro 
tocol ( LPP ) , Client devices may also receive OPS signals 
directly , Embodiments may also send data , with without 
solicitation from a map service , identifying the client 
device's capabilities or attributes ( e.g. , hardware specifica 
tions or operating system version ) or communication capa 
bilities ( e.g. , device communication bandwidth as deter 
mined by wireless signal strength or wire or wireless 
network type ) . 
[ 0096 ] FIG . 9 illustrates one possible embodiment of an 
operating environment 900 for a map service 930 and client 
devices 902a - 902c . In some embodiments , devices 902a , 
902b , and 902c communicate over one or more wire or 
wireless networks 910. For example , wireless network 910 , 
such as a cellular network , can communicate with a wide 
area network ( WAN ) 920 , such as the Internet , by use of 
gateway 914 , A gateway 914 in some embodiments provides 
a packet oriented mobile data service , such as General 
Packet Radio Service ( GPRS ) , or other mobile data service 
allowing wireless networks to transmit data to other net 
works , such as wide area network 920. Likewise , access 
device 912 ( e.g. , IEEE 802.11.g wireless access device ) 
provides communication access to WAN 920. Devices 902a 
and 902b can be any portable electronic or computing device 
capable of communicating with a map service , Device 9020 
can be any non - portable electronic or computing device 
capable of communicating with a map service . 
[ 0097 ] In some embodiments , both voice and data com 
munications are established over wireless network 910 and 
access device 912. For instance , device 902a can place and 
receive phone calls ( e.g. , using voice over Internet Protocol 
( VoIP ) protocols ) , send and receive e - mail messages ( e.g. , 
using Simple Mail Transfer Protocol ( SMTP ) or Post Office 

camera . 

[ 0094 ] Client devices implement various techniques to 
utilize map service data from map service . Some embodi 
ments implement some techniques to optimize rendering of 
two - dimensional and three - dimensional map image data . In 
some embodiments , a client device locally stores rendering 
information . For instance , a client stores a style sheet which 
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peer to 

Protocol ( POP3 ) ) , and retrieve electronic documents and / or 
streams , such as web pages , photographs , and videos , over 
wireless network 910 , gateway 914 , and WAN 920 ( e.g. , 
using Transmission Control Protocol / Internet Protocol 
( TCP / IP ) or User Datagram Protocol ( UDP ) ) . Likewise , in 
some implementations , devices 902b and 902c can place and 
receive phone calls , send and receive e - mail messages , and 
retrieve electronic documents over access device 912 and 
WAN 920. In various embodiments , any of the illustrated 
client device may communicate with map service 930 and / or 
other service ( s ) 950 using a persistent connection estab 
lished in accordance with one or more security protocols , 
such as the Secure Sockets Layer ( SSL ) protocol or the 
Transport Layer Security ( TLS ) protocol . 
[ 0098 ] Devices 902a and 902b can also establish commu 
nications by other means . For example , wireless device 902a 
can communicate with other wireless devices ( e.g. , other 
devices 902b , cell phones , etc. ) over the wireless network 
910. Likewise devices 902a and 902b can establish peer 
to - peer communications 940 ( e.g. , a personal area network ) 
by use of one or more communication subsystems , such as 
Bluetooth® communication from Bluetooth Special interest 
Group , Inc. of Kirkland , Wash . Device 902c can also estab 
lish peer communications with devices 902a or 902b 
( not shown ) . Other communication protocols and topologies 
can also be implemented . Devices 902a and 902b may also 
receive Global Positioning Satellite ( GPS ) signals from UPS 
satellites 960 . 
[ 0099 ] Devices 902a , 902b , and 902c can communicate 
with map service 930 over the one or more wire and / or 
wireless networks , 910 or 912. For instance , map service 
930 can provide a map service data to rendering devices 
902a , 902b , and 902c . Map service 930 may also commu 
nicate with other services 950 to obtain data to implement 
map services . Map service 930 and other services 950 may 
also receive GPS signals from UPS satellites 960 . 
[ 0100 ] In various embodiments , map service 930 and / or 
other service ( s ) 950 are configured to process search 
requests from any of client devices . Search requests may 
include but are not limited to queries for business , address , 
residential locations , points of interest , or some combination 
thereof . Map service 930 and / or other service ( s ) 950 may be 
configured to return results related to a variety of parameters 
including but not limited to a location entered into an 
address bar or other text entry field ( including abbreviations 
and / or other shorthand notation ) , a current map view ( e.g. , 
user may be viewing one location on the multifunction 
device while residing in another location ) , current location 
of the user ( e.g. , in cases where the current map view did not 
include search results ) , and the current route ( if any ) . In 
various embodiments , these parameters may affect the com 
position of the search results ( and / or the ordering of the 
search results ) based on different priority weightings . In 
various embodiments , the search results that are returned 
may be a subset of results selected based on specific criteria 
include but not limited to a quantity of times the search 
result ( e.g . , a particular point of interest ) has been requested , 
a measure of quality associated with the search result ( e.g. , 
highest user or editorial review rating ) , and / or the volume of 
reviews for the search results ( e.g. , the number of times the 
search result has been review or rated ) . 
[ 0101 ] In various embodiments , map service 930 and / or 
other service ( s ) 950 are configured to provide auto - complete 
search results that are displayed on the client device , such as 

within the mapping application . For instance , auto - complete 
search results may populate a portion of the screen as the 
user enters one or more search keywords on the multifunc 
tion device . In some cases , this feature may save the user 
time as the desired search result may be displayed before the 
user enters the full search query . In various embodiments , 
the auto complete search results may be search results found 
by the client on the client device ( e.g. , bookmarks or 
contacts ) , search results found elsewhere ( e.g. , from the 
Internet ) by map service 930 and / or other service ( s ) 950 , 
and / or some combination thereof . As is the case with com 
mands , any of the search queries may be entered by the user 
via voice or through typing . The multifunction device may 
be configured to display search results graphically within 
any of the map display described herein . For instance , a pin 
or other graphical indicator may specify locations of search 
results as points of interest . In various embodiments , respon 
sive to a user selection of one of these points of interest ( e.g. , 
a touch selection , such as a tap ) , the multifunction device is 
configured to display additional information about the 
selected point of interest including but not limited to ratings , 
reviews or review snippets , hours of operation , store status 
open for business , permanently closed , etc. ) , and / or images 
of a storefront for the point of interest . In various embodi 
ments , any of this information may be displayed on a 
graphical information card that is displayed in response to 
the user's selection of the point of interest . 
[ 0102 ] In various embodiments , map service 930 and / or 
other service ( s ) 950 provide one or more feedback mecha 
nisms to receive feedback from client devices 902a - 902c . 
For instance , client devices may provide feedback on search 
results to map service 930 and / or other service ( s ) 950 ( e.g. , 
feedback specifying ratings , reviews , temporary or perma 
nent business closures , errors etc. ) ; this feedback may be 
used to update information about points of interest in order 
to provide more accurate or more up - to - date search results 
in the future . In some embodiments , map service 930 and / or 
other service ( s ) 950 may provide testing information to the 
client device ( e.g. , an A / B test ) to determine which search 
results are best . For instance , at random intervals , the client 
device may receive and present two search results to a user 
and allow the user to indicate the best result . The client 
device may report the test results to map service 930 and / or 
other service ( s ) 950 to improve future search results based 
on the chosen testing technique , such as an A / B test tech 
nique in which a baseline control sample is compared to a 
variety of single - variable test samples in order to improve 
results . 
[ 0103 ] While the invention has been described with ref 
erence to numerous specific details , one of ordinary skill in 
the art will recognize that the invention can be embodied in 
other specific forms without departing from the spirit of the 
invention . For instance , many of the figures illustrate various 
touch gestures ( e.g. , taps , double taps , swipe gestures , press 
and hold gestures , etc. ) . However , many of the illustrated 
operations could be performed via different touch gestures 
( e.g. , a swipe instead of a tap , etc. ) or by non - touch input 
( e.g. , using a cursor controller , a keyboard , a touchpad / 
trackpad , a near - touch sensitive screen , etc. ) . 
[ 0104 ] Also , numerous examples were provided above for 
using the predicted destinations , predicted routes , or data 
regarding the predicted destinations or routes to drive the 
operations of one or more applications . However , one of 
ordinary skill will realize that such predictions or associated 
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data can be used to inform many other applications not 
described above . For example , a weather application or a 
notification manager can use the predicted destination or 
route information to provide weather at a predicted desti 
nation or along a predicted mute . Many other examples of 
informing the operation of many other applications with 
predicted route , destination or related data exist . Thus , one 
of ordinary skill in the art would understand that the inven 
tion is not to be limited by the foregoing illustrative details , 
but rather is to be defined by the appended claims . 
What is claimed is : 
1. A method implemented by a navigation system , the 

method comprising : 
obtaining , by the navigation system , vehicle condition 

data from one or more vehicle sensors of a vehicle 
traveling along a route , the vehicle condition data 
including a current speed of the vehicle and vehicle 
maintenance condition data ; 

based on the vehicle condition data , generating , by the 
navigation system , a safe traveling speed for the 
vehicle relative to an upcoming location on the route ; 

determining , by the navigation system , that the current 
speed of the vehicle exceeds the safe traveling speed 
for the upcoming location ; and 

based on the determination , presenting , by the navigation 
system , a first warning that includes the safe traveling 
speed . 

2. The method of claim 1 , further comprising : 
based on the vehicle condition data , generating , by the 

navigation system , a safe braking distance for the 
vehicle relative to the upcoming location ; and 

generating the safe traveling speed based on the safe 
braking distance . 

3. The method of claim 2 , further comprising : 
storing a first warning distance , the first warning distance 

representing a default warning distance at which the 
first warning is to be presented ; 

determining , based on the vehicle condition data , that the 
vehicle will fail to reach the safe traveling speed if the 
first warning is presented at the first warning distance ; 

determining , based on the vehicle condition data , that the 
vehicle can reach the safe traveling speed from a 
second warning distance to the upcoming location , the 
second warning distance being greater than the first 
warning distance ; and 

presenting the first warning at the second warning dis 
tance from the upcoming location . 

4. The method of claim 1 , wherein the vehicle mainte 
nance condition data includes tire condition data for the 
vehicle . 

5. The method of claim 1 , wherein the vehicle mainte 
nance condition data includes brake condition data for the 
vehicle . 

6. The method of claim 1 , wherein the vehicle condition 
data includes acceleration profile data for the vehicle . 

7. The method of claim 1 , further comprising : 
receiving , by the navigation system , road hazard data for 

the route , the road hazard data including data for an 
upcoming pothole in a first lane along the route ; and 

responsive to receiving the road hazard data , presenting , 
by the navigation system ; a second warning instructing 
a driver to travel in a second lane of the route , the 
second lane of the route being distinct from the first 
lane . 

8. A navigation system comprising : 
a display device ; 
one or more processing units ; and 
a non - transitory machine readable medium storing a pro 
gram comprising instructions for : 

obtaining , by the navigation system , vehicle condition 
data from one or more vehicle sensors of a vehicle 
traveling along a route , the vehicle condition data 
including a current speed of the vehicle and vehicle 
maintenance condition data ; 

based on the vehicle condition data , generating , by the 
navigation system , a safe traveling speed for the 
vehicle relative to an upcoming location on the route ; 

determining , by the navigation system , that the current 
speed of the vehicle exceeds the safe traveling speed 
for the upcoming location ; and 

based on the determination , presenting , by the navigation 
system , a first warning that includes the safe traveling 
speed . 

9. The system of claim 8 , wherein the program further 
comprises instructions for : 

based on the vehicle condition data , generating , by the 
navigation system , a safe braking distance for the 
vehicle relative to the upcoming location ; and 

generating the safe traveling speed based on the safe 
braking distance . 

10. The system of claim 9 , wherein the program further 
comprises instructions for : 

storing a first warning distance , the first warning distance 
representing a default warning distance at which the 
first warning is to be presented ; 

determining ; based on the vehicle condition data ; that the 
vehicle will fail to reach the safe traveling speed if the 
first warning is presented at the first warning distance ; 

determining , based on the vehicle condition data , that the 
vehicle can reach the safe traveling speed from a 
second warning distance to the upcoming location , the 
second warning distance being greater than the first 
warning distance ; and 

presenting the first warning at the second warning dis 
tance from the upcoming location . 

11. The system of claim 8 , wherein the vehicle mainte 
nance condition data includes tire condition data for the 
vehicle . 

12. The system of claim 8 , wherein the vehicle mainte 
nance condition data includes brake condition data for the 
vehicle . 

13. The system of claim 8 , wherein the vehicle condition 
data includes acceleration profile data for the vehicle . 

14. The system of claim 8 , wherein the program further 
comprises instructions for : 

receiving ; by the navigation system , road hazard data for 
the route , the road hazard data including data for an 
upcoming pothole in a first lane along the route ; and 

responsive to receiving the road hazard data , presenting , 
by the navigation system , a second warning instructing 
a driver to travel in a second lane of the route , the 
second lane of the route being distinct from the first 
lane . 

15. A non - transitory machine readable medium storing a 
program executed by at least one processing unit of a 
computing device , the program comprising instructions for : 

obtaining , by the navigation system , vehicle condition 
data from one or more vehicle sensors of a vehicle 
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traveling along a route , the vehicle condition data 
including a current speed of the vehicle and vehicle 
maintenance condition data ; 

based on the vehicle condition data , generating , by the 
navigation system , a safe traveling speed for the 
vehicle relative to an upcoming location on the route ; 

determining , by the navigation system , that the current 
speed of the vehicle exceeds the safe traveling speed 
for the upcoming location , and 

based on the determination , presenting , by the navigation 
system , a first warning that includes the safe traveling 
speed . 

16. The non - transitory machine readable medium of claim 
15 , wherein the program comprises instructions for : 

based on the vehicle condition data , generating , by the 
navigation system , a safe braking distance for the 
vehicle relative to the upcoming location ; and 

generating the safe traveling speed based on the safe 
braking distance . 

17. The non - transitory machine readable medium of claim 
16 , wherein the program comprises instructions for : 

storing a first warning distance , the first warning distance 
representing a default warning distance at which the 
first warning is to be presented ; 

determining , based on the vehicle condition data , that the 
vehicle will fail to reach the safe traveling speed if the 
first warning is presented at the first warning distance ; 

determining , based on the vehicle condition data , that the 
vehicle can reach the safe traveling speed from a 
second warning distance to the upcoming location ; the 
second warning distance being greater than the first 
warning distance ; and 

presenting the first warning at the second warning dis 
tance from the upcoming location . 

18. The non - transitory machine readable medium of claim 
15 , wherein the vehicle maintenance condition data includes 
tire condition data for the vehicle . 

19. The non - transitory machine readable medium of claim 
15 , wherein the vehicle maintenance condition data includes 
brake condition data for the vehicle . 

20. The non - transitory machine readable medium of claim 
15 , wherein the vehicle condition data includes acceleration 
profile data for the vehicle . 


