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1. 

ADAPTIVE NAVIGATION AND 
LOCATION-BASED SERVICES BASED ON 

USER BEHAVOR PATTERNS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates generally to adaptive driver guid 

ance in a vehicle navigation system and, more particularly, 
to adaptive guidance for navigation and location-based 
services, where driver behavior—including gaze direction, 
facial expressions, speech and biometric responses—is 
monitored by a variety of sensors, and the timing and 
frequency of navigation guidance may be increased, 
decreased or modified based on the driver behavior patterns. 

2. Discussion of the Related Art 
Navigation systems have become increasingly popular 

with vehicle drivers in recent years, as the functionality and 
reliability of such systems have improved dramatically. 
Many new vehicles include a navigation system delivered as 
original equipment by the vehicle manufacturer, which is 
typically integrated with a telematics system and vehicle 
audio/visual systems. Other types of navigation systems 
include stand-alone devices which can be purchased and 
simply placed in a vehicle, and even Smartphones equipped 
with navigation application software. With all of these types 
of navigation systems, route planning, visual map display 
and turn-by-turn driver guidance are available. Many navi 
gation systems also include location-based services (LBS), 
where suggestions are provided to a driver about activities, 
promotions or other conveniences at a location. Collectively, 
these features have made navigation systems virtually indis 
pensable to many drivers. 

However, different drivers have different preferences for 
how navigation and LBS guidance is provided. Some drivers 
prefer frequent, somewhat repetitive guidance, which pro 
vides a sense of assurance that they are on the right route. 
Other drivers prefer minimal guidance, and become annoyed 
if the navigation system repeats any information. Many 
drivers prefer navigation guidance somewhere in between 
the repetitive and the minimal. Furthermore, most drivers do 
not take the time to configure a navigation system with 
guidance preferences. In addition, there are situations where 
additional or modified guidance would be helpful to any 
driver, regardless of his or her general preferences. These 
situations include confusing roadway configurations, 
adverse traffic and weather conditions, and changes in driver 
emotional state. 

SUMMARY OF THE INVENTION 

In accordance with the teachings of the present invention, 
a method and system are disclosed for adaptive driver 
guidance for navigation and location-based services based 
on user behavior patterns. A driver-facing camera and a gaZe 
tracking system determine the location of the driver's visual 
focus while an outside-facing camera detects and interprets 
external driving situations, a microphone and a speech 
analyzer identify driver vocalizations, and driver-proximate 
sensors and the driver-facing camera detect driver emotions. 
The driver's visual focus, the driver vocalizations and the 
driver emotions, along with vehicle system parameters from 
a data bus, are used to evaluate driver satisfaction with 
navigation guidance and determine driver behavior patterns. 
An adaptive navigation guidance engine modifies navigation 
guidance content and timing based on the driversatisfaction 
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2 
and behavior patterns. Adaptation of guidance for location 
based services is also provided. 

Additional features of the present invention will become 
apparent from the following description and appended 
claims, taken in conjunction with the accompanying draw 
1ngS. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an illustration of a roadway scenario where 
drivers frequently make mistakes when attempting to follow 
navigational guidance; 

FIG. 2 is a schematic diagram of a vehicle including a 
navigation system which is configured to provide adaptive 
guidance based on user behavior; 

FIG. 3 is an illustration of a roadway scenario where a 
driver's visual focus is on a road sign which does not 
correspond to an intended navigation route; 

FIG. 4 is an illustration of a roadway scenario where a 
driver's visual focus is on a road sign which does correspond 
to an intended navigation route, but the vehicle is beginning 
a turn to a wrong route; 

FIG. 5 is a block diagram of a system for providing 
adaptive navigation and location-based services based on 
user behavior patterns; and 

FIG. 6 is a flowchart diagram of a method for providing 
adaptive navigation and location-based services based on 
user behavior patterns. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

The following discussion of the embodiments of the 
invention directed to adaptive user guidance for navigation 
and location-based services based on user behavior patterns 
is merely exemplary in nature, and is in no way intended to 
limit the invention or its applications or uses. 
Many vehicle drivers use navigation systems to provide 

route guidance and maps, including turn-by-turn naviga 
tional guidance. Navigation systems used by drivers include 
systems integrated with the vehicle by the vehicle manufac 
turer, hand-held systems which the driver simply places in 
the vehicle, and even Smart phones equipped with a navi 
gation application. As discussed in detail below, navigation 
systems which are integrated with the vehicle can take 
advantage of sensors and data available onboard the vehicle 
to assess driver behavior and adapt the guidance being 
provided. 

With any type of navigation system, errors are inevitable. 
This includes system errors and driver errors. System errors 
occur when the navigation system provides inaccurate or 
untimely information, or fails to provide information, due to 
a loss of Global Positioning System (GPS) satellite signals 
or for other reasons. Driver errors occur when a driver 
misunderstands or fails to follow navigation instructions, 
and makes a wrong turn, misses a turn, etc. Driver errors also 
result from failure to comprehend of the driving situation— 
i.e., the traffic, the road conditions, the weather, visibility 
conditions, etc. Some drivers, under Some circumstances, 
are more prone to making driving or navigational errors than 
others. Similarly, Some driving routes and roadway locations 
also experience a relatively high frequency of navigational 
errors. Driver behavior data can be used to help mitigate 
driver errors, both in error-likely locations and otherwise. 
Driver behavior data can be also used to better tune the 
navigation system to interact with the driver. This adjust 
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ment is not merely to help mitigate driver errors but to 
improve the user interaction with the automated system. 

FIG. 1 is a plan view illustration of a roadway scenario 10 
where drivers may frequently make mistakes when attempt 
ing to follow navigation guidance. The scenario 10 includes 
a northbound lane 12 which intersects an east-west cross 
road 14. A vehicle 16 is traveling on the northbound lane 12, 
and the driver is receiving navigation guidance from a 
navigation system. When approaching the crossroad 14, the 
driver of the vehicle 16 is faced with several choices. The 
vehicle 16 can make a right turn 18, make a left turn 20, or 
continue straight ahead at 22. The three aforementioned 
choices are to be expected by the driver of the vehicle 16. 
However, the scenario 10 also includes a fourth navigation 
choice—namely a diagonal left 24 onto road 26. The diago 
nal left 24 may be an unexpected option to the driver, and 
furthermore, it may be difficult to see. If the navigation 
system in the vehicle 16 simply instructs the driver, for 
example, "after 500 meters, turn left’, the driver could 
mistakenly make the left turn 20 onto the crossroad 14. 

Other roadway geometries which are similarly susceptible 
to driver navigation errors can easily be envisioned. Such 
error-likely types of roadways include double exit lanes, 
where two exit lanes split from a multi-lane expressway and 
then further split right and left, and roads with two closely 
spaced intersections. Driving errors are also likely at any 
roadway location where an interchange or intersection is 
difficult to see—such as where visibility of a turn or exit is 
obstructed by a tree, a sign, a railing or a hill. 
The objective of a navigation system is to guide a driver 

safely and efficiently to the prescribed destination. A driver 
who makes a wrong turn or other navigation error is not 
likely to be satisfied with the navigation system. On the 
other hand, a driver who feels irritated by the guidance 
commands is also not likely to be satisfied with the navi 
gation system. The techniques described below have been 
developed to not only reduce the incidence of driver errors 
(of the type illustrated in FIG. 1) through adaptive guidance, 
but also to conform to a driver's guidance preferences, 
through the monitoring of driver behavior. The techniques 
are also applied to location-based services (LBS) which may 
be provided by a navigation system. 

FIG. 2 is a schematic diagram of a vehicle 100 including 
an adaptive navigation system 102 which is configured to 
provide adaptive guidance to a driver 104 based on driver 
behavior. The adaptive navigation system 102 includes a 
processor 106 and a display 108. The navigation system 102 
also includes at least one speaker 110 for providing audio 
output in the vehicle 100, and at least one microphone 112 
for receiving audio input from the driver 104. Using the 
processor 106, the display 108, the speaker 110 and the 
microphone 112, the navigation system 102 can provide 
basic navigation guidance to a destination as would be 
provided by any typical navigation system. 
The processor 106 is illustrated in FIG. 2 and described 

herein as a discrete element, however, such illustration is for 
ease of description and it should be recognized that the 
functions performed by this element may be combined in 
one or more devices, e.g., implemented in Software, hard 
ware, and/or application-specific integrated circuitry. The 
processor 106 may be a special-purpose or general-purpose 
digital computer comprising a microprocessor or central 
processing unit, storage mediums comprising non-volatile 
memory including read only memory and electrically pro 
grammable read only memory, random access memory, a 
high speed clock, analog to digital and digital to analog 
circuitry, and input/output circuitry and devices and appro 
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4 
priate signal conditioning and buffer circuitry. The processor 
106 has a set of processing algorithms, described in the 
methods discussed below, comprising resident program 
instructions and calibrations stored in the non-volatile 
memory and executed to provide the respective functions. 
The algorithms may be executed during preset time-based 
loop cycles, or the algorithms may be executed in response 
to occurrence of an event. 
The display 108 may be shared with a vehicle infotain 

ment system, climate control interface, or for other purposes 
in the vehicle 100. The display 108 is commonly a touch 
screen design, where options can be displayed on screen and 
selections made by the driver 104 touching the screen of the 
display 108. 

In addition to the microphone 112, the adaptive naviga 
tion system 102 includes other devices for monitoring user 
behavior. One or more sensor 114 is placed in close prox 
imity to the driver 104, and may monitor any number of 
biometric response parameters, such as skin perspiration, 
blood pressure, heart rate, and brain wave patterns. The 
sensor 114 could be placed in a driver's seat, in an arm rest, 
on the steering wheel, and/or any other Suitable location. A 
driver-facing camera 116 continuously records images of the 
driver's face, which may be used to determine the direction 
of the driver's visual focus (what the driver is looking at), 
and may also be used for assessing the driver's facial 
expression. 
One or more outward-facing cameras 118 continuously 

record images of scenes outside the vehicle, which can be 
used to locate and read road signs, locate and identify exit 
and turn lanes, assess traffic and weather conditions around 
the vehicle 100, and for any other suitable purpose. A vehicle 
data bus 120 carries data to and from many Sub-systems in 
the vehicle 100. The data bus 120 may be a CAN (Controller 
Area Network) bus, another communications bus, or a 
combination thereof. As will be discussed below, the data 
bus 120 provides data from systems such as powertrain, 
steering and braking to the navigation system 102 for 
adaptive guidance purposes. 
The vehicle 100, and the navigation system 102 specifi 

cally, can communicate wirelessly with a cellular service 
122 and the Internet 124. Vehicle Internet access may be 
achieved via the cellular service 122, or it may bypass the 
cellular service 122 and reach the Internet 124 via some 
other form of wireless communication, such as vehicle-to 
infrastructure communications using Dedicated Short Range 
Communications (DSRC) or external Wi-Fi, for example. 
The cellular service 122 may also be used to reach a 
telematics service, which provides amenities such as live 
navigation and concierge services, and also may be used to 
aggregate the correlations between navigation situations and 
driver behavior discussed below. 
As indicated by the variety of sensors provided in the 

adaptive navigation system 102 discussed above, driver 
behavior can be monitored based on many different types of 
input data. Examples relating to a driver's external visual 
focus or “gaZe’ will be discussed first. Other types of driver 
monitoring data, and examples relating thereto, will be 
discussed later in this disclosure. These other types of driver 
monitoring data include driver speech utterances, driver 
emotions and facial expressions, driving patterns detected 
from parameters on the data bus 120, and other behavior 
patterns such as those involving button presses, Screen 
selections, preferences, etc. 

FIG. 3 is an illustration of a roadway scenario 130 where 
a driver's visual focus is on a road sign which does not 
correspond to an intended navigation route. In the scenario 
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130, the driver 104 has entered a destination into the 
navigation system 102. The vehicle 100 is approaching a 
combination intersection and interchange, where multiple 
crossroads and highway entrance ramps are present. In the 
scenario 130, it is determined by analysis of images from the 
driver-facing camera 116 that the driver's vision is focused 
on a road sign 132, as indicated by dashed line 134. 
Similarly, images from the outward-facing cameras 118 can 
be used to determine what exists at the location where the 
driver's vision is directed, and in this scenario, identify and 
read the road sign 132. 

Meanwhile, the navigation system 102 recognizes that the 
vehicle 100 is steering onto the entrance ramp to the right, 
as indicated by vector 136. Technology for determining a 
vehicle's actual and predicted path is known in the art, 
including using Global Positioning System (GPS) signals, 
lane tracking systems, vehicle dynamics sensors and other 
techniques. The route depicted by the vector 136 corre 
sponds to a road sign 138, which advises of a different route 
than the road sign 132 at which the driver 104 is looking. 
Regardless of the driver's intended destination, the mis 
match between the driver's visual focus, or “gaZe’, and the 
driving direction of the vehicle 100 may be used by the 
adaptive navigation system 102 as a trigger to provide an ad 
hoc guidance command. For example, the navigation system 
102 could tell the driver 104, “We’re not going to Sacra 
mento; bear right for South Lake Tahoe'. 

In the example described above, it is not necessary that 
the driver 104 stare at the road sign 132 continuously for 
several seconds. If the drivers focus is placed on the sign 
132 for a certain minimum amount of time—either in a 
single gaze or cumulatively over multiple glances then the 
navigation system 102 can conclude that the driver 104 is 
conscious of the content of the sign 132. 

FIG. 4 is an illustration of a roadway scenario 150 where 
a driver's visual focus is on a road sign which corresponds 
to an intended navigation route, but the vehicle is beginning 
a turn to a wrong route. In the scenario 150, the driver 104 
has again entered a destination into the navigation system 
102, and the vehicle 100 is again approaching a combination 
intersection and interchange where multiple crossroads and 
highway entrance ramps are present. In the scenario 150, it 
is determined by analysis of images from the driver-facing 
camera 116 that the driver's vision is alternately focused on 
two targets; an upcoming entrance ramp, as indicated by 
dashed line 152, and a road sign 154, as indicated by dashed 
line 156. 

Meanwhile, the navigation system 102 recognizes that the 
vehicle 100 is turning right onto a crossroad, as indicated by 
vector 158. The route depicted by the vector 158 does not 
correspond to the road sign 154. Regardless of the driver's 
intended destination, the mismatch between the driver's two 
points of visual focus and the driving direction of the vehicle 
100 may be used by the adaptive navigation system 102 as 
a trigger to provide an ad hoc guidance command. For 
example, the navigation system 102 could tell the driver 
104, “Don’t turn right here; continue straight ahead and then 
bear right for South Lake Tahoe'. 
An additional example for a case where an adaptive 

navigation system disambiguates an ambiguous road situa 
tion is one which doesn't use external cameras. In this case 
a map of the terrain exists and driving behavior can be 
recorded for large numbers of drivers (e.g., using solutions 
Such as Waze, Google, and other collaborative navigation 
Solutions). In this case particular areas junctions, cross 
roads, intersections—on the terrain can be identified as 
"ambiguous” as told by data generated by many users. In 
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6 
this case an 'ambiguous” or problematic terrain can be 
selected and hesitant or error prone behavior can be identi 
fied. Once this behavior is identified in relation to the 
ambiguous terrain, the system can preempt problems by 
adaptive navigational Solutions. 

In addition to the examples above where the driver's 
external gaze is factored into navigation guidance, there are 
situations where the driver's gaze internal to the vehicle 100 
may also be relevant to guidance adaptation. For example, if 
the driver repeatedly glances at, or stares at, the navigation 
system display 108, this may be taken as an indication that 
the driver is not confident that he or she is on the correct 
route. In this situation, it may be desirable to provide ad hoc 
guidance communications indicating that the vehicle 100 is 
still on the correct route, and where and when the next turn 
or exit will be. Other driver gaze patterns internal to the 
vehicle 100, for example almost no gaze onto the navigation 
display and with advance maneuver before navigation guid 
ance, may also be used to trigger guidance modification— 
either an increase or a decrease in guidance, or a change in 
guidance content. 

Driver speech and other utterances can also be used as 
input for adaptive guidance. This includes the driver 104 
speaking directly to the navigation system 102, as well as 
incidental comments made by the driver 104. The driver 104 
may ask a question of the navigation system 102, or make 
a statement to the navigation system 102, indicating a desire 
for more frequent navigation guidance. Examples of driver 
comments which would result in increased navigation guid 
ance frequency include “where do I turn?”, “what do I do 
next?”, “I’m lost”, “when will I get there?” and “is it this 
turn, or the next one?'. 
The driver 104 may also ask a question of, or make a 

statement to the navigation system 102, indicating a desire 
for less frequent navigation guidance. Examples of driver 
comments which would result in decreased navigation guid 
ance frequency include “not now”. “I got it and “tell me 
later. Similarly, the driver 104 may ask a question of, or 
make a statement to the navigation system 102, indicating 
that modified navigation guidance timing or content is 
appropriate. Examples of driver comments which would 
result in modified (not necessarily increased or decreased) 
navigation guidance frequency, or modified guidance con 
tent, include “what do you mean?', “tell me earlier next 
time' and “can you use a different term?'. 
The driver 104 may make statements not directed to the 

navigation system 102 which could also be interpreted by 
the navigation system 102 as indicative of a desire for 
modified guidance. These statements could be directed to a 
passenger in the vehicle 100 or simply “thinking aloud' by 
the driver 104 (comments directed to nobody in particular). 
Comments such as “I don't know if this thing is working 
and “did you hear what it said?' could be interpreted as a 
desire for more frequent navigation guidance, while com 
ments such as cursing and “this thing is annoying could be 
interpreted as a desire for less frequent navigation guidance. 
Many driver emotional cues may also be used as input for 

adaptive guidance. These emotional cues—irrespective of 
spoken comments from the driver 104 may be detected by 
the sensor 114 or the driver-facing camera 116. As men 
tioned previously, the sensor 114 may be any type of sensor 
which can detect a biometric response in the driver 104. For 
example, the sensor 114 may detect driver blood pressure or 
heart rate, or the sensor 114 may detect perspiration on the 
vehicle seat, steering wheel or arm rest. The sensor 114 may 
even detect driver “brain waves' through electro-encepha 
lography techniques which have been developed. These 
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biometric response parameters can, in many cases, be inter 
preted in relation to adaptive navigation guidance. For 
example, an elevated blood pressure or heart rate, or an 
increase in perspiration, could be interpreted as driver anxi 
ety and taken as an indication that navigation guidance 
frequency should be increased. Conversely, indications of a 
relaxed driver state. Such as normal blood pressure and heart 
rate, or calm electro-encephalographic readings, may be 
taken to Suggest that navigation guidance frequency can be 
maintained or reduced. 

Facial expressions detected by the driver-facing camera 
116 may be interpreted for adaptive guidance by the navi 
gation system 102. For example, if the driver 104 has a facial 
expression that is calm and relaxed, this could be taken as an 
indication that navigation guidance frequency can be 
reduced, or at least that the driver 104 is comfortable with 
the current navigation guidance. If, however, the driver 104 
has a facial expression that is worried or anxious, this could 
be taken as an indication that navigation guidance frequency 
should be increased. Facial expression recognition technol 
ogy to enable this sort of navigation guidance adaptation is 
known in the art. 

Driving behavior, as reflected in the operation of the 
vehicle 100, can also be used as input for adaptive naviga 
tion guidance. Many different parameters related to the 
vehicle 100 and its subsystems are available on the data bus 
120. Useful data related to the engine/powertrain, steering, 
brakes, and other drive-related systems may be obtained 
from the bus 120. In addition, data related to comfort and 
convenience systems such as HVAC and infotainment may 
be used, as well as configurations such as seat and window 
positions, lighting and others. Examples of situations where 
data from the data bus 120 Suggest increased navigation 
guidance include approaching a turn too fast (indicating lack 
of awareness of upcoming turn) or frequent brake taps 
(indicating uncertainty on the part of the driver 104). Con 
versely, low vehicle speed in heavy traffic conditions may be 
taken as an indication that navigation guidance frequency 
can be decreased. Content may also be modified in some 
situations based on data from the bus 120-Such as adding 
an ad hoc suggestion to “slow down” if the vehicle 100 is 
approaching a turn too fast. 

Location-based services (LBS) is a feature which has 
recently increased in popularity in navigation systems. With 
LBS, a person's current location is used—along with other 
factors, such as time of day, personal preferences, etc.—to 
provide customized information, promotional offers and 
recommendations for products and services to the person. 
For example, a driver who is known to frequently stop at a 
certain coffee shop could be offered a discount if he or she 
is near the coffee shop at a time when business is slow. 
Likewise, a driver could be notified of a sale on a particular 
brand of clothing at a store, or a “no waiting status at a hair 
salon, when he or she is nearby the store or the salon. LBS 
also includes simple notifications and recommendations, 
such as a vehicle which is low on fuel receiving directions 
to a nearby preferred brand of gas station. Because location 
is obviously known by navigation systems, LBS features 
have naturally been added to many navigation systems. 

The adaptive guidance features discussed in detail above 
can also be included in LBS-initiated navigation guidance. 
For example, monitoring by the driver-facing camera 116 of 
the driver's visual focus could determine that the driver 104 
has examined a billboard, and the outward-facing cameras 
118 could determine that the billboard is an advertisement 
for a particular fast food chain. The LBS features of the 
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8 
navigation system 102 could then offer directions to the 
nearest franchise location of the fast food chain, and also 
offer any available discounts. 

In another LBS Scenario, driver gaZe tracking may indi 
cate that the driver 104 has not spotted an upcoming turn, 
Such as a parking lot entrance which is obstructed. In Such 
a situation, a “slow down notice can be issued if the driver 
is driving too fast, additional notifications or descriptions of 
the turn can be provided, etc. In any LBS scenario, different 
adaptations of the guidance—the frequency and content of 
the driving instructions—are possible, based on driver 
behavior. 

FIG. 5 is a block diagram of a system 200 for providing 
adaptive navigation and location-based services based on 
user behavior patterns. The system 200 is an embodiment of 
the navigation system 102 discussed above. The system 200 
includes both hardware components and Software algo 
rithms, as described below. The core adaptive navigation 
features of the system 200 are shown as being embodied in 
the processor 106 of FIG. 2. The software algorithms of the 
system 200 could all be executed on the processor 106, or 
they could be distributed across two or more processors. All 
elements of the system 200 are onboard a vehicle, such as 
the vehicle 100. 
The behavior patterns of the driver 104 are the basis for 

the navigation adaptations in the system 200. A user pref 
erences analyzer 202 uses the identity of the driver 104 to 
establish a base set of user preferences, which have been 
previously entered. The driver-facing camera 116 records 
images of the driver 104, and a gaze-tracking system ana 
lyzer 204 detects driver gaze patterns inside or outside the 
vehicle 100. As discussed previously, the gaze-tracking 
system analyzer 204 can determine where the driver's visual 
focus is placed based on images from the driver-facing 
camera 116. The analyzer 204 can resolve the target of the 
driver's gaze internal to the vehicle 100 using known vehicle 
geometry data—determining that the driver 104 is looking at 
the navigation display 108, for example. The analyzer 204 
can also determine the location of the driver's gaze external 
to the vehicle 100, and this information can be coupled with 
images from the outward-facing cameras 118 to resolve the 
target of the driver's gaze when looking outside. 
The microphone 112 picks up driver speech or other 

utterances, and a speech system analyzer 206 analyzes the 
driver's vocalizations to determine if they are relevant to 
navigation. As discussed previously, driver Vocalizations 
may be directed to the navigation system 102 itself, or they 
may be directed to a passenger or to nobody in particular but 
still be relevant to navigation guidance. 
The driver-facing camera 116 and the sensor 114 gather 

data for an emotion detection system 208. The emotion 
detection system 208 determines the driver's emotional 
state—such as relaxed, anxious, angry, etc.—based on the 
driver's facial expressions and other biometric response 
data. The data bus 120 provides data to a driving pattern 
analyzer 210, which determines driving patterns from the 
bus data. The driving patterns may be objective—Such as 
driving too fast for an approaching turn—or they may be 
subjective—such as determining that the driver 104 is 
driving Smoothly or erratically. As mentioned above, the 
user preferences analyzer 202, the gaZe-tracking system 
analyzer 204, the speech system analyzer 206, the emotion 
detection system 208 and the driving pattern analyzer 210 
may be programmed into one or more separate processors, 
or they may be incorporated into the processor 106. 

Outputs from the user preferences analyzer 202, the 
gaZe-tracking system analyzer 204, the speech system ana 
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lyzer 206, the emotion detection system 208 and the driving 
pattern analyzer 210 are provided to a behavior pattern 
analyzer 212, which includes a situation detector 214, an 
error and behavior recorder 216 and a causal analyzer 218. 
The situation detector 214 converts the input information 
into a situation. In its simplest form, the situation detector 
214 determines whether the driver 104 is satisfied or dis 
satisfied with the navigation guidance that he or she is 
receiving. This determination is made from the available 
input data regarding the driver's visual focus, speech and 
emotions. 
The error and behavior recorder 216 records errors (such 

as missed turns or wrong turns) as well as other behaviors of 
the driver 104. The other behaviors could include properly 
following navigation directions, or cancelling navigation 
guidance, among other things. In short, the error and behav 
ior recorder 216 records what the driver does, as it related to 
navigation guidance. 
The causal analyzer 218 evaluates correlations between 

the situations from the situation detector 214 and the behav 
iors from the error and behavior recorder 216. The causal 
analyzer 218 may determine, for example, that the driver 
104 frequently misses a turn or makes a wrong turn when his 
or her eyes are directed excessively on the navigation 
display 108, or that the driver 104 does a better job of 
following directions when fewer instructions are given. 
Many different types of correlations between driver behavior 
patterns and driving performance may be identified. 

Data from the behavior pattern analyzer 212 are used by 
an adaptive guidance engine 220 to adaptively modify 
navigation guidance provided to the driver 104. As dis 
cussed in detail previously, navigation guidance may be 
increased in case of a lost or anxious driver, decreased in 
case of a driver who becomes frustrated upon issuance of a 
guidance command, or otherwise modified in frequency or 
content. These are just a few examples of the type of 
navigation guidance adaptations that may be made. Such 
adaptations may also be applied to location-based services, 
along with traditional navigation to a destination. A memory 
module 222 can be used to store patterns—between situa 
tions, behaviors and guidance adaptations—for future ref 
CCC. 

FIG. 6 is a flowchart diagram 300 of a method for 
providing adaptive navigation and location-based services 
based on user behavior patterns. At box 302, driver behavior 
is monitored using the microphone 112, the one or more 
sensor 114, the driver-facing camera 116, the outward-facing 
cameras 118 and the data bus 120. At box 304, driver 
behaviors are detected using the gaZe-tracking system ana 
lyzer 204, the speech system analyzer 206, the emotion 
detection system 208 and the driving pattern analyzer 210. 
The behaviors detected at the box 304 include eye gaze, 
speech, emotion and facial expressions, and driving patterns. 
At box 306, driver behavior patterns are analyzed, using 

data from the gaze-tracking system analyzer 204, the speech 
system analyzer 206, the emotion detection system 208 and 
the driving pattern analyzer 210 as input, along with the user 
preferences analyzer 202. As discussed previously, the driv 
ing behavior pattern analyzer 212 employed at the box 306 
includes the situation detector 214, the error and behavior 
recorder 216 and the causal analyzer 218. At box 308, the 
driving situations, behavior patterns and correlations from 
the box 306 are used to produce adaptive navigation guid 
ance and adaptive location-based services instructions. At 
box 310, the adaptive guidance and LBS instructions are 
provided to the driver 104. 
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10 
Using the methods disclosed herein, navigation guidance 

and location-based services provided to drivers can be 
adaptively modified based on driver behavior patterns which 
are recorded and analyzed. The adaptive guidance can 
reduce navigation errors while simultaneously adapting to a 
driver's preferences for navigation guidance frequency and 
content, thereby increasing navigation system user satisfac 
tion. 
The foregoing discussion discloses and describes merely 

exemplary embodiments of the present invention. One 
skilled in the art will readily recognize from such discussion 
and from the accompanying drawings and claims that vari 
ous changes, modifications and variations can be made 
therein without departing from the spirit and scope of the 
invention as defined in the following claims. 

What is claimed is: 
1. A system for providing adaptive guidance for driver 

navigation of a vehicle, said system comprising: 
a plurality of sensor systems for monitoring and analyzing 

behavior of a driver; 
a display device for displaying navigation maps and 

providing visual navigation instructions to the driver, 
a speaker for providing audio navigation instructions to 

the driver; and 
an adaptive navigation guidance processor which receives 

output signals from the sensor Systems and is config 
ured with algorithms including: 

a situation detector module configured to determine a 
level of driver satisfaction with navigation guidance 
content and timing; 

an error and behavior recorder module configured to 
identify driver errors and behaviors; 

a causal analyzer module configured to determine corre 
lations between the driver errors and behaviors and the 
level of driver satisfaction with navigation guidance 
content and timing; and 

an adaptive navigation guidance module configured to 
adaptively modify the navigation guidance content and 
timing based on outputs from the situation detector 
module, the error and behavior recorder module and the 
causal analyzer module, and provide the navigation 
guidance to the driver via an audio speaker or display 
navigation map and provide visual navigation instruc 
tions the display device, including providing ad hoc 
guidance instructions to the driver when behavior pat 
terns indicate that the driver is uncertain about a current 
driving route. 

2. The system of claim 1 wherein the plurality of sensor 
systems includes a gaze tracking system, a speech detection 
system and an emotion detection system. 

3. The system of claim 2 wherein the gaZe tracking system 
includes a driver-facing camera, and an gaze tracking system 
analyzer which analyzes images from the driver-facing 
camera to determine a location of a gaze of the driver, and 
where the adaptive navigation guidance module modifies the 
navigation guidance content or timing based on where the 
gaze of the driver is directed. 

4. The system of claim 3 further comprising one or more 
outward-facing cameras for recording images outside the 
vehicle, where the images from the outward-facing cameras 
are used in conjunction with the location of the gaze of the 
driver to determine if the driver has observed a road sign, 
and driver observation of the road sign is used as a factor in 
the adaptive navigation guidance module. 
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5. The system of claim 2 wherein the speech detection 
System includes a microphone, and a speech analyzer which 
analyzes audio signals from the microphone and identifies 
utterances from the driver. 

6. The system of claim 5 wherein the utterances from the 
driver are used to determine if the driver is satisfied with the 
navigation guidance, and the navigation guidance content or 
timing is modified if the driver is not satisfied. 

7. The system of claim 2 wherein the emotion detection 
System includes one or more sensors proximal to the driver, 
and an emotion analyzer which analyzes signals from the 
one or more sensors and identifies emotions of the driver. 

8. The system of claim 7 wherein the one or more sensors 
includes a perspiration sensor and a heart rate sensor. 

9. The system of claim 7 wherein the emotion detection 
System also analyzes images from a driver-facing camera 
and identifies emotions of the driver based on driver facial 
expressions from the images. 

10. The system of claim 7 wherein the emotions of the 
driver are used to determine if the driver is calm, and the 
navigation guidance content or timing is modified if the 
driver is not calm. 

11. The system of claim 1 wherein the adaptive navigation 
guidance processor also receives input from a vehicle data 
bus, including vehicle speed, steering and braking data, and 
the input from the vehicle data bus is used by the adaptive 
navigation guidance module to identify driving patterns 
which indicate navigation guidance should be modified. 

12. The system of claim 1 wherein the adaptive navigation 
guidance processor is also configured to provide adaptively 
modified location-based services to the driver, where the 
location-based services include information and promo 
tional offers for businesses near a destination or route of the 
driver. 

13. A system for providing adaptive guidance for driver 
navigation of a vehicle, said system comprising: 

a gaze tracking system including a driver-facing camera 
and a gaze tracking system analyzer which analyzes 
images from the driver-facing camera to determine a 
location of a gaze of the driver; 

a speech detection system including a microphone and a 
speech analyzer which analyzes audio signals from the 
microphone and identifies utterances from the driver; 

an emotion detection system including one or more sen 
sors proximal to the driver and an emotion analyzer 
which analyzes signals from the one or more sensors 
and identifies emotions of the driver; 

a display device for displaying navigation maps and 
providing visual navigation instructions to the driver; 

a speaker for providing audio navigation instructions to 
the driver; and 

an adaptive navigation guidance processor which receives 
output signals from the gaze tracking system, the 
speech detection system, the emotion detection system 
and a vehicle data bus, where the adaptive navigation 
guidance processor is configured with algorithms 
including: 

a behavior pattern analyzer module configured to deter 
mine a level of driver satisfaction with navigation 
guidance content and timing, identify driver errors and 
behaviors, and determine correlations between the 
driver errors and behaviors and the level of driver 
Satisfaction with navigation guidance content and tim 
ing; and 

an adaptive navigation guidance module configured to 
adaptively modify the navigation guidance content and 
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12 
timing based on outputs from the behavior pattern 
analyzer module, and provide the navigation instruc 
tions to the driver. 

14. The system of claim 13 wherein the level of driver 
satisfaction is determined from the driver utterances identi 
fied by the speech detection system and the driver emotions 
identified by the emotion detection system, and the driver 
errors and behaviors are determined from the location of the 
visual focus of the driver and the signals from the vehicle 
data bus. 

15. A method for providing adaptive guidance for driver 
navigation of a vehicle, said method comprising: 

monitoring and identifying behaviors of a driver using a 
plurality of sensor systems; 

analyzing, using a microprocessor, behavior patterns of 
the driver using outputs from the plurality of sensor 
Systems; 

adaptively modifying by the microprocessor content and 
timing of navigation guidance instructions based on the 
behavior patterns of the driver; and 

providing the navigation guidance instructions to the 
driver via an audio speaker or a display unit displaying 
navigation map and providing visual navigation 
instructions on a display device, including providing ad 
hoc guidance instructions to the driver when the behav 
ior patterns indicate that the driver is uncertain about a 
current driving route. 

16. The method of claim 15 wherein the plurality of 
sensor Systems includes a gaze tracking system including a 
driver-facing camera and a gaze tracking system analyzer 
which analyzes images from the driver-facing camera to 
determine a location of a gaze of the driver, and where the 
location of the gaze of the driver is used as a factor in 
modifying the content or timing of the navigation guidance 
instructions. 

17. The method of claim 16 further comprising using 
images from one or more outward-facing cameras in con 
junction with the location of the gaze of the driver to 
determine if the driver has observed a road sign, and driver 
observation of the road sign is used as a factor in modifying 
the content or timing of the navigation guidance instruc 
tions. 

18. The method of claim 15 wherein the plurality of 
sensor systems includes a speech detection system including 
a microphone and a speech analyzer which analyzes audio 
signals from the microphone and identifies utterances from 
the driver, and where the utterances from the driver are used 
to determine if the driver is satisfied with the navigation 
guidance, and the content or timing of the navigation guid 
ance instructions is modified if the driver is not satisfied. 

19. The method of claim 15 wherein the plurality of 
sensor systems includes an emotion detection system includ 
ing one or more sensors proximal to the driver and an 
emotion analyzer which analyzes signals from the one or 
more sensors and identifies emotions of the driver, the 
emotion detection system also analyzes images from a 
driver-facing camera and identifies emotions of the driver 
based on driver facial expressions from the images, the 
emotions of the driver are used to determine if the driver is 
calm, and the content or timing of the navigation guidance 
instructions is modified if the driver is not calm. 

20. The method of claim 15 further comprising providing 
input from a vehicle data bus, including vehicle speed, 
steering and braking data, and the input from the vehicle 
data bus is used in analyzing the behavior patterns of the 
driver. 


