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STRESS MAP AND VEHICLE NAVIGATION
ROUTE

BACKGROUND

1. Field

[0001] Embodiments of the invention generally relate to
vehicular safety and, more particularly, to techniques for
reducing unsafe stress levels in vehicle operators through the
use of detecting the stress levels of drivers, creating a map
of stress zones indicative of drivers with elevated stress
levels, and determining driving routes for the drivers.

2. Related Art

[0002] Reckless operation of motor vehicles by high stress
drivers is a major cause of traffic accidents just like alcohol,
drug, and cell phone use. Stress may be quantified into levels
of experienced by the driver of the vehicles. The ability to
determine and foresee what nearby drivers are doing and
might do is critical to recognizing and reacting to road
hazards such as debris and abrupt slowing of the traffic
ahead. Other dangerous maneuvers may include sudden
changes in traffic lanes and driving on the freeway shoulder
or center divider. The emotional states that cause these
hazardous conditions may be induced by the driver’s stress
level. A heightened stress level may cause a person to act
erratically thus resulting in the actions described above.
[0003] The driver’s stress level may be affected by influ-
ences in and out of the driver’s control. For example, the
driver may be late because the driver forgot to set an alarm.
This may heighten the stress of the individual and may be
prevented. An accident on the road ahead of the driver may
cause the traffic to slow and the driver may be even later.
This may be out of the driver’s control. Any form of stress
may also negatively affect a person’s health. The stress level
of the driver may be compounded by the traffic on the road.
What is needed is a system that may reduce the stress level
of the drivers by avoiding other drivers that have high stress
or suggesting driving routes that avoid areas that may
increase stress.

SUMMARY

[0004] Embodiments of the invention address the above-
described by providing for a system which uses machine
learning algorithms to determine a driver’s stress level and
provide a stress map indicative of drivers’ stress levels and
provide a driving route to a driver based on the stress map.
[0005] In particular, in a first embodiment, the invention
includes a system for generating a map of an affective traffic
environment based at least in part on a location and a
destination of a first vehicle, comprising a first sensor
configured to collect a first set of data associated with a
driver of the first vehicle, a second sensor configured to
collect a second set of data associated with a driver of a
second vehicle, a processor, one or more non-transitory
computer storage media storing a first driver profile based at
least in part on the first set of data, a second driver profile
based at least in part on the second set of data, the destina-
tion and the location of the first vehicle, computer-execut-
able instructions that, when executed by the processor,
perform a method of generating a map of an affective traffic
environment based at least in part on the destination and the
location of the first vehicle, comprising the steps of calcu-
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lating a first stress level from the first driver profile, calcu-
lating a second stress level from the second driver profile,
calculating a stress zone based at least in part on the second
stress level and a location of the second vehicle, calculating
a driving route for the first vehicle based at least in part on
the stress zone, and communicating with a second processor
configured to display the map of the affective driving
environment to the first driver, wherein the map includes the
driving route and the stress zone.

[0006] In a second embodiment, the invention includes a
method of generating a map of an affective traffic environ-
ment based at least in part on a destination and a location of
a first vehicle, comprising the steps of collecting via at least
one sensor a first set of data associated with the driver of the
first vehicle, collecting via at least one second sensor a
second set of data associated with the driver of a second
vehicle, determining a first stress level from the first set of
data, determining a second stress level from the second set
of data, generating the map of the affective traflic environ-
ment, generating a stress zone from at least the second stress
level and a location of the second vehicle, generating a
recommended driving route for the first vehicle based at
least in part on the stress zone, and displaying the map of the
affective traffic environment of the first vehicle, stress zone,
and recommended driving route to the driver of the first
vehicle.

[0007] In a third embodiment, the invention includes one
or more computer storage media storing computer-execut-
able instructions that, when executed by a processor, pet-
form a method of generating a map of an affective traffic
environment based at least in part on a destination and a
location of a vehicle, the method comprising the steps of
sensing a stress level of an occupant of the vehicle, gener-
ating the map of the affective traffic environment of the
vehicle based at least in part on a location of the vehicle,
displaying the map of the affective traffic environment to the
occupant of the vehicle, and recommending a driving route
to the occupant of the vehicle via the map of the affective
traffic environment, wherein the driving route is based at
least in part on the stress level of the occupant of the vehicle,
location of the vehicle, destination of the vehicle, and
information associated with the other traffic in the affective
traffic environment.

[0008] This summary is provided to introduce a selection
of concepts in a simplified form that are further described
below in the detailed description. This summary is not
intended to identify key features or essential features of the
claimed subject matter, nor is it intended to be used to limit
the scope of the claimed subject matter. Other aspects and
advantages of the current invention will be apparent from
the following detailed description of the embodiments and
the accompanying drawing figures.

BRIEF DESCRIPTION OF THE DRAWING
FIGURES

[0009] Embodiments of the invention are described in
detail below with reference to the attached drawing figures,
wherein:

[0010] FIG. 1 depicts an exemplary hardware platform for
certain embodiments of the invention;

[0011] FIG. 2 depicts a system suitable for employing the
embodiments of the invention;

[0012] FIG. 3 depicts a flow chart representing exemplary
method for embodiments of the invention;
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[0013] FIGS. 4A-C depict an exemplary stress map, stress
zones, and driving route in some embodiments of the
invention; and

[0014] FIG. 5 depicts a flow chart representing an exem-
plary method associated with embodiments of the invention.
[0015] The drawing figures do not limit the invention to
the specific embodiments disclosed and described herein.
The drawings are not necessarily to scale, emphasis instead
being placed upon clearly illustrating the principles of the
invention.

DETAILED DESCRIPTION

[0016] Driving in a heightened stress state may be miti-
gated by routing a driver through low-stress areas. At a high
level, embodiments of the invention relate to detecting the
location and the stress levels of drivers in an affective traffic
environment. Broadly speaking, the affective traffic envi-
ronment describes the affect (i.e., the mood, emotional state,
or stress level) of the drivers and/or other vehicle occupants
in a particular area. The affective traffic environment may be
determined by the location and the destination of a vehicle
and may be any traffic, roadways, man-made objects, or
natural objects that the vehicle may come in contact with
over the course of travel. The stress level of the occupant of
the vehicle as well as the stress levels of the occupants of
other vehicles in the affective traffic environment may be
measured through a plurality of sensors on the vehicles. The
stress levels may be calculated and stored over time. The
system may then generate a map of the affective traffic
environment including any man-made and natural land-
marks, and generate a navigation route, or driving route,
through the affective traffic environment based at least in
part on the location of the vehicle, destination of the vehicle,
stress levels of the occupants of the vehicles, and the
locations of the vehicles.

[0017] The subject matter of embodiments of the inven-
tion is described in detail below to meet statutory require-
ments; however, the description itselfis not intended to limit
the scope of claims. Rather, the claimed subject matter might
be embodied in other ways to include different steps or
combinations of steps similar to the ones described in this
document, in conjunction with other present or future tech-
nologies. Minor variations from the description below will
be obvious to one skilled in the art, and are intended to be
captured within the scope of the claimed invention. Terms
should not be interpreted as implying any particular ordering
of various steps described unless the order of individual
steps is explicitly described.

[0018] The following detailed description of embodiments
of the invention references the accompanying drawings that
illustrate specific embodiments in which the invention can
be practiced. The embodiments are intended to describe
aspects of the invention in sufficient detail to enable those
skilled in the art to practice the invention. Other embodi-
ments can be utilized and changes can be made without
departing from the scope of the invention. The following
detailed description is, therefore, not to be taken in a limiting
sense. The scope of embodiments of the invention is defined
only by the appended claims, along with the full scope of
equivalents to which such claims are entitled.

[0019] In this description, references to “one embodi-
ment,” “an embodiment,” or “embodiments” mean that the
feature or features being referred to are included in at least
one embodiment of the technology. Separate reference to
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“one embodiment” “an embodiment”, or “embodiments” in
this description do not necessarily refer to the same embodi-
ment and are also not mutually exclusive unless so stated
and/or except as will be readily apparent to those skilled in
the art from the description. For example, a feature, struc-
ture, or act described in one embodiment may also be
included in other embodiments, but is not necessarily
included. Thus, the technology can include a variety of
combinations and/or integrations of the embodiments
described herein.

[0020] Turning first to FIG. 1, an exemplary hardware
platform for certain embodiments of the invention is
depicted. Computer 102 can be a desktop computer, a laptop
computer, a server computer, a mobile device such as a
smartphone or tablet, or any other form factor of general- or
special-purpose computing device. Depicted with computer
102 are several components, for illustrative purposes. In
some embodiments, certain components may be arranged
differently or absent. Additional components may also be
present. Included in computer 102 is system bus 104,
whereby other components of computer 102 can communi-
cate with each other. In certain embodiments, there may be
multiple busses or components may communicate with each
other directly. Connected to system bus 104 is central
processing unit (CPU) 106. Also attached to system bus 104
are one or more random-access memory (RAM) modules
108. Also attached to system bus 104 is graphics card 110.
In some embodiments, graphics card 104 may not be a
physically separate card, but rather may be integrated into
the motherboard or the CPU 106. In some embodiments,
graphics card 110 has a separate graphics-processing unit
(GPU) 112, which can be used for graphics processing or for
general purpose computing (GPGPU). Also on graphics card
110 is GPU memory 114. Connected (directly or indirectly)
to graphics card 110 is display 116 for user interaction. In
some embodiments no display is present, while in others it
is integrated into computer 102. Similarly, peripherals such
as keyboard 118 and mouse 120 are connected to system bus
104. Like display 116, these peripherals may be integrated
into computer 102 or absent. Also connected to system bus
104 is local storage 122, which may be any form of
computer-readable media, and may be internally installed in
computer 102 or externally and removeably attached.

[0021] Computer-readable media include both volatile and
nonvolatile media, removable and nonremovable media, and
contemplate media readable by a database. For example,
computer-readable media include (but are not limited to)
RAM, ROM, EEPROM, flash memory or other memory
technology, CD-ROM, digital versatile discs (DVD), holo-
graphic media or other optical disc storage, magnetic cas-
settes, magnetic tape, magnetic disk storage, and other
magnetic storage devices. These technologies can store data
temporarily or permanently. However, unless explicitly
specified otherwise, the term “computer-readable media”
should not be construed to include physical, but transitory,
forms of signal transmission such as radio broadcasts, elec-
trical signals through a wire, or light pulses through a
fiber-optic cable. Examples of stored information include
computer-useable instructions, data structures, program
modules, and other data representations.

[0022] Finally, network interface card (NIC) 124 is also
attached to system bus 104 and allows computer 102 to
communicate over a network such as network 126. NIC 124
can be any form of network interface known in the art, such
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as Bthernet, ATM, fiber, Bluetooth, or Wi-Fi (i.e., the IEEE
802.11 family of standards). NIC 124 connects computer
102 to local network 126, which may also include one or
more other computers, such as computer 128, and network
storage, such as data store 130. Generally, a data store such
as data store 130 may be any repository from which infor-
mation can be stored and retrieved as needed. Examples of
data stores include relational or object oriented databases,
spreadsheets, file systems, flat files, directory services such
as LDAP and Active Directory, or email storage systems. A
data store may be accessible via a complex API (such as, for
example, Structured Query Language), a simple API pro-
viding only read, write and seek operations, or any level of
complexity in between. Some data stores may additionally
provide management functions for data sets stored therein
such as backup or versioning. Data stores can be local to a
single computer such as computer 128, accessible on a local
network such as local network 126, or remotely accessible
over Internet 132. Local network 126 is in turn connected to
Internet 132, which connects many networks such as local
network 126, remote network 134 or directly attached com-
puters such as computer 136. In some embodiments, com-
puter 102 can itself be directly connected to Internet 132.

[0023] Turning now to FIG. 2, an exemplary environment
suitable for deploying certain embodiments of the invention
is depicted and referred to generally by reference numeral
200. Vehicle 202 is one example of a platform suitable for
embodiments of the invention. For example, vehicle 202
may be a car, truck, sport utility vehicle, or any other form
of transportation. In some embodiments, vehicle 202 may
instead be an airplane, train, boat, or other method of
transportation. Broadly speaking, any form of public or
private conveyance is contemplated as being within the
scope of the invention. Vehicle 202 may be a conventional
(driver-operated) vehicle, an autonomous (self-driving)
vehicle, or a hybrid of the two (for example, a partially
autonomous vehicle requiring a driver presence but only
limited activity or supervision).

[0024] Vehicle 202 has one or more occupants such as
driver 204 and passenger 206. In some embodiments,
vehicle 202 is autonomous and has no driver 204. In some
embodiments, vehicle 202 has a plurality of passengers 206.
In other embodiments, vehicle 202 has no passengers 206.
Broadly speaking, embodiments of the invention can be
used whenever vehicle 202 has any number of occupants of
any type, including zero.

[0025] Also present in vehicle 202 are one or more cam-
eras 208 positioned to capture facial imagery of the driver
204 and/or the passenger 206. In some embodiments, cam-
eras 208 capture visible-spectrum light. In other embodi-
ments, cameras 208 capture infrared light instead of (or in
addition to) visible light. In some embodiments, cameras
208 may be equipped with a visible or infrared light source
(for example, one or more light-emitting diodes of the
appropriate frequency or frequencies). In some embodi-
ments, cameras 208 are fixedly oriented; in other embodi-
ments, cameras 208 can be automatically or manually re-
aimed. For example, cameras 208 may be mounted via
pan/tilt/zoom mounts so as to continuously capture imagery
of driver 204 and/or passenger 206 regardless of their
movements. In some embodiments, only a single camera
208 is present, but it is mounted via a pan/tilt/zoom mount
so as to selectively capture imagery of different occupants.
In some embodiments, additional sensors are also present.
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For example, cameras 208 may be supplemented by a
heart-rate sensor integrated into a steering wheel of vehicle
202. Other sensors (e.g., accelerometers for detecting occu-
pant motion) for determining the stress level or behavior of
the occupants of vehicle 202 are also contemplated as being
within the scope of the invention.

[0026] Cameras 208 are communicatively coupled to pro-
cessor 210 and/or data store 212. Processor 210 may further
be communicatively coupled to any of the components
described above with respect to FIG. 1. For example, a
touchscreen display for processor 201 may be integrated into
the dashboard of vehicle 202. In some embodiments, pro-
cessor 210 may be connected to the CAN (Controller Area
Network) or VAN (Vehicle Area Network) bus for vehicle
202, and can obtain driving performance data therefrom to
assist in stress level classification for driver 204. In some
embodiments, cameras 208 transmit imagery to processor
210. In other embodiments, cameras 208 store imagery in
data store 212 for later processing by processor 210. In some
embodiments, the data and/or stress level information may
be sent to a central server for storage and processing. Data
store 212 may also store configuration data for the system
and one or more occupant stress profiles or any sensor data,
as discussed in greater detail below.

[0027] Continuing with the exemplary embodiment
depicted in FIG. 2, the vehicle 202 may be configured with
multiple sensors including the camera 208 for detecting the
emotional state and determining a stress level of the driver
204. For example, a blood pressure monitor 214, micro-
phone 216, galvanometer (not shown), or any other general
sensor 218 or device that may be used to monitor any
physical condition of the driver 204 may be used. The
system may detect many factors, or physical characteristics
of the driver 204 related to determining a stress level of the
driver 204 such as heart rate, facial expressions, voice pitch,
breath rate, pupil dilation, muscle tension, skin conductivity,
movement, or any other condition of the driver that may be
useful in determining an emotional state or stress level. The
general sensor 218 may be configured to detect any of the
above-mentioned factors.

[0028] The system may comprise sensors to monitor car-
diovascular related information such as heart rate or blood
pressure. Increased heart rate, blood pressure, or any other
changes in a cardiovascular condition may indicate a height-
ened emotional state or stress level. A baseline reading may
be taken of a driver 204 in a calm state and the changes that
take place may be stored in data store 212 or sent to a central
server via network 220.

[0029] Continuing with the embodiment depicted in FIG.
2, the system may comprise sensors, such as camera 208,
that record facial expressions. Facial expressions may be
processed using facial recognition software to determine the
driver’s 204 mood, emotional state, or stress level. Humans
are typically very expressive and facial recognition software
may be used to detect patterns related to how humans
express themselves. The system may be loaded with default
settings for recognizing the stress level of driver 204 and the
system may update as new expressions are recorded. In this
way, the system may be more personalized to the driver 204
of the vehicle 202 and may have profiles based on which
person is driving the vehicle in the instance that multiple
people drive the vehicle 202.

[0030] Embodiments of the system may also include the
microphone 216, or any other sound measuring or recording
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sensors, and audio analysis equipment for measuring and
detecting stress in the voice of the driver 204. A quick
reaction by the driver 204 may be relayed through speech.
The driver 204 may also indicate increasing levels of stress
in the frequency and amplitude of voice. Analysis of the
audio may be performed by the processor 210 or sent over
the network 220 to be processed by a central server to
provide a comparison of recorded audio with a baseline of
audio. The system may also compare the recorded audio
with audio recorded shortly before the recorded audio to
monitor abrupt changes. For example, audio from the driver
204 may be captured and through analysis it is determined
that the audio amplitude is higher than normal levels. When
compared to other measured driver 204 conditions it appears
that some are elevated and others are not. For example, a
heightened emotional state may be detected without being a
high level of stress; e.g., it may be determined that the driver
204 is singing and that no action should be taken. Alterna-
tively, it may be that an increased level of stress is detected
and that the vehicle 202 is stopped in traffic. A new driving
route that corresponds to decreased levels of stress may be
calculated and presented to the driver. In this example, the
vehicle 202 may be provided a driving route based on the
stress level of the driver 204. Driving routes may also be
provided based on the stress levels of other drivers in the
affective traffic environment.

[0031] The affective traffic environment may be the area
related to the location, destination, and driving routes that
may be presented to the driver 204 of the vehicle 202. The
affective traffic environment may include all man-made and
natural structures such as buildings, bridges, sidewalks,
crosswalks, rivers, streams, lakes, trees, or any other man-
made or natural objects that may affect the driving routes.
The affective traffic environment may also include any
information that may affect the driving routes that may be
accessed from online sites or databases such as, traffic flow
rate, traffic density, rain, snow, wind, construction site
locations, road maintenance, road condition, or any other
information that may be recorded or tracked and may affect
any area that the vehicle 202 may come in contact with
within a prescribed area relative to the vehicle 202 location
and destination, and any possible driving routes.

[0032] Continuing with the exemplary embodiment of the
invention depicted in FIG. 2, the respiratory rate may be
detected using respiratory sensors as depicted as general
sensor 218. The respiratory rate may be detected using
visual information as recorded through the camera 208,
pressure sensors in the seat and on the steering wheel (not
shown), photoplethysmography sensors in or on the steering
wheel, or any sensors or combination of sensors that may be
useful in determining respiratory rate information. A height-
ened respiratory rate may be an indication of heightened
stress levels and may be compared to a baseline respiratory
rate and combined with other factors to determine a stress
level of the driver 204.

[0033] The system of the embodiment of FIG. 2 may also
analyze pupil dilation as one factor leading to a stress level
determination. The pupil may dilate, indicating high stress
levels. Pupil dilation may be an indicator of the brain
thinking of a solution to a problem. This may be occurring
in relation to the affective traflic environment the driver 204
is experiencing. This also may be an indicator of a height-
ened emotional state. Pupil dilation may be used as an
indicator along with other factors associated with the stress
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level of the driver 204 to determine an accurate stress level
to associate with the driver 204.

[0034] Muscle tension may be used as a factor for deter-
mining the stress level of the driver 204. Muscle tension may
be determined by camera 208, pressure sensors, muscle
contraction sensor that may be located in the steering wheel,
seat, or on the driver 204 such as on the wrists, body, arms,
legs, or head, and/or any other sensors that may be used to
detect muscle tension.

[0035] In some embodiments, general sensor 218 may be
configured to sense skin conductivity. Skin conductivity
may be used to determine a stress level of the driver 204. A
galvanometer may be used to detect galvanic skin response
to stress. The system may measure and record the conduc-
tivity of the driver’s 204 skin through galvanometers on the
steering wheel, in the seat, or anywhere that the driver’s skin
may contact the vehicle 202. The system may store a
baseline reading that may be updated when the driver 204 is
determined by the system to be in a low-stress state. Mea-
surements taken while driving may be compared to the
baseline readings to determine a stress level or to be com-
piled with the other measured factors and a stress level may
be determined from the combination of all factors.

[0036] In some embodiments, the movement of the driver
204 may be recorded and analyzed to determine the stress
level of the driver 204. The driver 204 may have particular
cues or gestures that signify a heightened stress level. The
system may learn and store the gestures and automatically
combine the data with data from other factors. The gestures
may be hand, arm, shoulder, facial as described above, or
any other gestures that may signify a change in stress level.
[0037] A profile for each driver if there are multiple
drivers of the vehicle 202 may be stored. The condition of
the driver 204 may be stored and adjusted over time. A
baseline condition may be determined for each driver and
adjusted or updated as more information is gathered. When
the driver 204 turns the system on, the system may take an
initial scan to determine the condition or stress level of the
driver 204 as compared to the baseline reading of the driver
204. A determination of stress level may then be made based
on the driver’s 204 stored preferences and a history of the
driver’s 204 stress levels. The driver 204 may enter a
destination and a route to the destination may be determined.
The driver may have indicated that low stress should always
be the best route, or a balance between stress and quickness
may be entered into the system or determined based on the
recorded history of the driver 204. The system may gather
data from other vehicle and drivers in the area and determine
an affective traffic environment based on the vehicle 202
location, destination, traffic conditions, and information
from other vehicles.

[0038] Baseline measurements for all factors such as data
collected from sensor measurements and/or stress levels
may be determined for comparison against live measure-
ments. The baseline information may be updated at any time.
For example, the baseline information may be recorded and
stored during low stress level times. It may be determined
that all factors indicate low or no stress and the system may
store the data as baseline data. Alternatively, the information
may be tracked over time and averaged for baseline data. For
example, the factors may be tracked during periods of time
when the stress level is determined to be below a specified
threshold. The data stored during this time may be used in
any way, for example as averaged, to set baseline values.



US 2019/0316922 Al

Baseline values may be set for each individual factor as
described above or may be set as a combination of factors.
[0039] In some embodiments, the information gathered in
vehicle 202 may be sent to and processed in a central server.
Information may be gathered from any vehicle in wireless
range of the central server. The information gathered might
be data from the sensors depicted in the embodiment rep-
resented in FIG. 2, traffic, GPS information or any other
information related to the affective traffic environment. The
information may be received from any vehicle that transmits
information and may be from vehicles that do not contain the
system presented herein but only send location information.
The information may also be gathered from a central data-
base that stores and processes traffic information such as,
traffic flow, construction areas, or any other information
related to the traffic of an area that may be in range of the
central server or vehicle 202. The information gathered can
be regarded as factors that may relate to the driver’s 204
stress level and may be combined and used to generate a
stress map displaying levels of stress detected by drivers in
different locations associated with an area evaluated by the
central server. In some embodiments, multiple servers may
be in communication to cover a larger area or in areas of
high volume. In some embodiments, each vehicle may have
a server in communication with other vehicles and the
information may be processed at each vehicle.

[0040] Neural network, machine learning, fuzzy logic,
statistical algorithms, or any other algorithm may use infor-
mation from all vehicles, or individual vehicles, to create a
network of vehicles working together. In some embodi-
ments, each vehicle algorithm is weighted toward the emo-
tion of the occupant of that vehicle. All vehicles could be
weighted equally or some may be given more importance
such as emergency vehicles. Some may be given more
importance or weighted differently based on an occupant’s
tendencies such as if one occupant is more likely to get
stressed than another occupant or if one occupant has a
history of mental illness, anger management issues, or road
rage. The driving routes may be based on the location of
vehicles with stressed drivers and may work together to alter
the diving routes to minimize the stress of individual drivers
or all drivers simultaneously. The driving routes may be
based on stress zones that define an area around the stressed
drivers that will be discussed in greater detail below.
[0041] Turning now to FIG. 3, an exemplary system flow
chart representing embodiments of the invention is pre-
sented. The system may perform a first step 302, collecting
stress data. The stress data collected may comprise indi-
vidual factors detected from the driver 204 of the vehicle
202 presented in FIG. 2. The data may be collected and
stored on the vehicle 202 data store 212 or uploaded to the
central server via the network 220 as described above. Each
vehicle connected to the system may have an associated
number or profile for the vehicle and for individual drivers
of each vehicle.

[0042] The system may then move on to a second step
304, evaluation of the stress data or factors. The stress data
may be collected from the sensors as described in the
exemplary embodiment depicted in FIG. 2. The measure-
ments may be examined individually or as a combination of
multiple measurements, or factors related to stress. A more
accurate classification of stress level may be determined
when all factors are considered. A stress level may be
determined for each factor then combined or the measure-
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ments may be compiled and then a stress level determined
from the combination of factors. For example, the driver’s
204 pupils may dilate. While no other factors have measured
above baseline readings it may be determined that the driver
is not in a heightened stress state. Alternatively, the pupils
dilate, a hand gesture that is flagged as a stress indicator
occurs, the driver’s 204 muscles become tense, and the skin
becomes more conductive. The stress data, in combination,
may provide enough indication that the driver is in a
heightened stress state that a stress level is assigned to the
driver 204 and the stress data may be stored under the stress
level to provide the machine leaning algorithm more data to
update the profile.

[0043] The sequence of individual factors may also be
considered when determining a stress level. For example,
there may be a slight delay in galvanic skin response and
pupil dilation. A hand gesture may be sensed but at the same
time the pupil data and the skin conductivity data is normal.
Then just after the gesture the other pupils dilate and the skin
becomes more conductive. The sequence of events may be
an indicator of a heightened stress level. Data may be stored
for short periods when an event takes place to compare to
other factors in a sequential way. Using all factors in
combination and the sequence of factors may lead to deter-
mining more accurate stress levels.

[0044] Moving now to step 306. Information from other
vehicles may be combined with the information supplied by
the vehicle 202 to construct a map of high and low stress
areas, or stress zones. The information provided by all
vehicles may include the stress data as described above and
information related to the vehicle or traffic. Information
related to the vehicle may be any operational information
such as speed, acceleration, temperature, or any other rel-
evant data such as location and heading provided by, for
example, GPS. The vehicle location 308 may be the location
of all vehicles, and used in conjunction with the other
vehicle information to determine a route for the vehicle 204,
The information may be updated continuously or periodi-
cally but may update often enough to track the traffic and
stress changes in near real time.

[0045] Moving to step 310, the combination of all vehicle
information may be used to define locations of high and low
stress levels that may be referred to as stress zones. Stress
zones may be areas where drivers have heightened stress
levels. The stress zones may be determined from the stress
data of drivers and the location of the stressed drivers. The
stress zones may have levels such as low, medium, and high,
or may be rated on a continuous scale such as 0-100%, 0%
being no stress and 100% being the highest level of stress.
The stress levels may be rated as a combination. For
example, the stress level of an area may be determined to be
50%. The stress zone level may be presented as 50%,
medium, and may also be presented with a color such as
green for low, yellow for medium, and red for high. Stress
levels are discussed in more detail below.

[0046] Moving to step 312, dynamic analysis is per-
formed. The system may collect the data from the vehicles
continuously or in bursts of short increments allowing the
system to track and adjust the stress zones, locations of the
vehicles, and stress levels of the drivers of the vehicles over
time. This allows the system to analyze the traffic environ-
ment both spatially and temporally. This may be helpful in
determining an ideal driving route by predicting when and
where the driver may encounter a stress zone as they both
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move through the stress map. For example, as the driver 202
may navigate a driving route that has been provided by the
system an accident may occur, or a stress zone may move
into the driving route. The system may automatically pro-
vide an alternate driving route around the accident or stress
zone. This provides the driver 204 an option to avoid
stressful situations that may arise in real time.

[0047] Moving to step 314, the system may incorporate
machine learning, fuzzy logic, neural networks, statistical
algorithms or any other mathematical concept, theory, algo-
rithm, or functionality to provide the necessary data pro-
cessing required to take the stress data and learn the profiles,
output the dynamic stress map, stress zones, driving routes,
autonomous vehicle control, and any other output that may
be useful for navigating a vehicle through the affective traffic
environment.

[0048] Moving now to step 316, the system may predict
the stress level of the driver of the vehicle navigating the
stress map. The predicted stress level may be determined
from the stress level of the stress zones, a history of the
stress levels, and how the stress levels of past stress zones
affected the driver. The predicted stress level may be used to
predict driving routes for the driver. A stored history of the
stress zones and the drivers within the stress zones may also
be stored. This information may be used to predict how the
stress zones, and vehicles within the stress zones may move
to better predict a driving route to avoid stressful areas.
[0049] Moving to step 318, a driving route, or vehicle
navigation plan, may be provided to the driver. The driving
route may be based on the vehicle 202 location, destination,
traffic data, and the driver stress and location data from other
vehicles. The driving route may be a route that provides the
least amount of stress as predicted by step 316. The driving
route may be weighted and may consider time of travel or
number of stops. The driving route may be displayed on the
stress map in step 320. Driving route options may be
suggested to the driver and the driver may choose the driving
route, the driving route may be selected by the system from
a set of possible routes, or the system may find a single best
route based on optimizing weighted stress and vehicle data.
The system may also consider driver preferences and set-
tings. For example, the driver 204 may input a preference to
have the system determine the best route based on a 50/50
weighting of stress and speed. Alternatively, the driver 204
may be in a hurry and have saved settings. The driver 204
may choose, for example, setting four which is 100%
weighted to speed and does not consider stress levels, or vice
versa. The driver 204 may also have the system set to make
all decisions such that the driver 204 has as little stress as
possible. Any options for levels of input by the driver 204
may be used from no input to 100% driver choice. Any
weights may be updated dynamically based on the driver’s
204 inputs and measured stress levels.

[0050] Moving now to step 320 stress map generation is
performed. The stress map may be generated from the
central server or the on-board processor 212. The stress map
may present a GPS navigation map to the driver 204 and
provide stress zones where other vehicles indicate high
stress drivers. The stress map may also display driving
routes to the driver 204 that avoid the stress zones. The stress
map is described in more detail below.

[0051] Turning now to FIGS. 4A-C, depicting an exem-
plary stress map 400 in some embodiments of the invention.
The stress map 400 may display an affective traffic envi-
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ronment associated with the current location of vehicle 402,
denoted by point A, and a destination for vehicle 402,
denoted by point B. In some embodiments, vehicle 402 may
be vehicle 204. For example, the stress map 400 may display
an area with a radius of 100, 500, or 100 feet; one, two, five,
or one hundred miles; or any distance from the vehicle 402
less than, between, or greater than the distances provided.
The stress map 400 area may be any shape and display
geographical and man-made structures such as buildings 404
as well as other vehicles 406 and any traffic information that
may be relevant such as construction, traffic speeds, esti-
mated time to destinations, GPS information, and conges-
tion. The stress map 400 may also be provided over satellite
imagery.

[0052] In some embodiments, a stress zone 408 may be
depicted on the stress map 400 indicating to the drivers
where high stress areas are located. The stress zone 408
depicted in the exemplary embodiment in FIG. 4A may be
high-level stress zone 408 and created because it has been
determined that the driver of the center vehicle 410 is has a
high stress level. The stress zone 408 levels may be deter-
mined from the stress level of the drivers within a stress zone
408, by the number of vehicles 406 in a stress zone 408, and
by the number and level of stressed drivers in a stress zone
408. The stress levels of the drivers may be determined from
the factors and methods as described above.

[0053] As the vehicles 406 move, the stress zone 408 may
change shape and size. The stress zone 408, as depicted is a
circle, but may be any shape and size, including any shape
and size of the roads that the vehicles 406 may be on. The
stress zone 408 levels may be indicated by different colors
or numbers and routes both through and around the stress
zone 408 may be provided to the driver by the system.
[0054] Continuing with the embodiment depicted in FIG.
4A, the stress zone 408 may project a distance away from a
stressed driver or drivers. For example, the stress zone 408
may be any region within 500 feet, 100 feet, or one half mile
of a stressed driver. As two or more drivers stress zone
overlap that region may have a higher stress level and may
be indicated as so with a different color, symbol, or number.
Though in this embodiment the stress zone 408 is circular it
should be noted that the stress zone 408 may be any shape
and the shape of the stress zone 408 may conform to the
roadways on the stress map 400.

[0055] The stress zone 408 may update continuously or
periodically as stated above regarding the update of the
stress map 400. Upon updating, the system may supply
alternate routes. The system updates dynamically and the
system may make in route changes to a route based on the
dynamically changing environment. For example, an origi-
nal driving route 412 as depicted in FIG. 4A may be
presented to the driver, however, during the course of the
vehicle 402 following the original driving route 412 the
stress zone 408 may appear. Upon detecting the stress zone
408 the system may present the driver with an alternative
driving route 414 to provide the driver with the option of
taking a less stressful route. In the event that the vehicle 402
is autonomous, the vehicle 402 may make the adjustment
and take the alternate driving route 414 or continue on the
original driving route 412 automatically based on the set-
tings of the autonomous-driving vehicle 402.

[0056] Continuing with the exemplary embodiment
depicted in FIGS. 4A-C, the stress map 400 is presented
representing a dynamic change in the stress map 400 over
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time. The stress zone 408 may move and the movement of
the stress zone 408 may be tracked by the system. Based on
the stress zone 408 past movement and traffic information
the system may make a prediction as to where the stress zone
408 will be when the vehicle 402 reaches the affected area.
For example, the system may predict that the stress zone 408
may move to the south as depicted in FIGS. 4B and 4C. Tt
may be predicted that it will take 15 minutes to reach the
point at which the vehicle 402 will come into the moving
stress zone 408. The best driving route around the high stress
zone 408 as determined from the description above may be
the alternate driving route 414 and may be presented to the
driver of the vehicle 408 or automatically uploaded into the
vehicle’s 408 autonomous driving system. The vehicle 402
may take the alternate driving route 414 as the stress zone
408 moves south as depicted in FIGS. 4B and 4C, and the
vehicle 402 reaches the destination point B while avoiding
the stress zone 408.

[0057] FIG. 5 depicts an exemplary flow chart 500 repre-
senting an embodiment of the invention. In a first step 502,
a driver may start a vehicle. In some embodiments, the
driver may be driver 204 and the vehicle may be vehicle 202.
Upon ignition, the system may automatically start. The
system may be connected to the vehicle power or have a
separate power source. The system may be started manually
or automatically. The driver may relay destination informa-
tion to the system either by push button, touch screen, or by
voice. The system may provide a map and driving route to
the driver. Any portion of the driving route may also be
provided to the driver audibly such that the driver does not
have to look at the display.

[0058] Moving to step 504, stress data may be measured.
Sensors, such as galvanometers, pressure, cardiographs,
cameras, microphones, or any other sensors that may detect
any state of the driver that may be a factor in determining a
stress level of the driver as described above.

[0059] In step 506, a stress level of the driver may be
determined from the stress data. The stress level may be
determined in step 508 by comparing the stress data with
baseline stress data and employing machine learning, fuzzy
logic, neural networks, or any other statistical algorithm,
mathematical concept, theory, algorithm, or functionality to
provide the necessary data processing required to determine
the stress level of the driver.

[0060] In step 510 the vehicle location may also be
measured. The vehicle location may be measured by GPS,
satellite triangulation, cellular signal, close-proximity sig-
naling methods, or any other method that determine the
location of a vehicle or electronic transmitting or receiving
device. Information indicative of the traffic near the vehicle
or along the driving route to the destination may also be
measured such as location of other vehicles, traffic flow rate,
construction area locations, emergency information, or any
other traffic related information may be accessed. Weather
related information such as weather alerts, snow, rain, ice,
wind, or any other weather related information that may
affect traffic may be accessed.

[0061] In step 512 the vehicle information, including
stress data and vehicle location data, may be sent to a central
server. The vehicle information may be sent over satellite
communication, close-proximity wireless communication
between vehicles, cellular, or any other method of wired or
wireless communication. The information may be sent in
any time interval including at the highest sensor update rate
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or all sensor data may be compiled and sent at a lower update
rate. The stress data and stress level may be sent periodically
or aperiodically at any time.

[0062] In step 514, the system may calculate the stress
map. The central server may use the vehicle information
from the vehicle and any other vehicles in an affective area
as defined by the system, the location and destination of the
vehicle, and generate the stress map as described above.

[0063] In step 516, the system may calculate or predict a
future stress map. Based on the history of the stress data, the
system may calculate probabilistic movements of the stress
map and determine where the stress zones may be in the
future. The movement of the stress zones may be calculated
using data from online traffic databases, weather models,
traffic flow, location of any vehicles in or out of the affective
traffic area, stress levels of any driver in or out of the
affective traffic area, and historical data of any of the
above-mentioned factors.

[0064] In step 518 the system may calculate the driving
route, which may be a most stress-free route. The most
stress-free driving route may be determined based on the
location of the stress zones on the stress map and the future
location of the stress zones. The most stress-free route may
be combined with user preferences or the most stress-free
route may be based on a learned history of the particular
driver such that a customized stress-free driving route is
calculated. The most stress-free driving route may be based
on the other vehicles in the affective traffic environment or
all vehicles in the affective traffic environment. The driving
route may also be based on vehicles that may be out of the
affective traffic environment but are within range of the
online traffic information, in communication with the central
server, or in communication with a server that is in com-
munication with the central server.

[0065] In step 520, the driving route is presented to the
driver. The driving route may be displayed to the driver
electronically on a map within the vehicle. The device
presenting the map may be in communication with the
central server and may provide audible instructions or
information to the driver to allow the driver to remain
attentive to the roadway.

[0066] In some embodiments, the vehicle may be autono-
mous. The driving route may be used by the vehicle to
navigate without the aid of the driver. The occupant of the
vehicle may be calm since the occupant does not have the
stress of driving. The occupant may also not have to make
decisions. However, in the autonomous vehicle, the occu-
pant may have the ability to decide the driving route the
vehicle takes based on the settings of the system. The vehicle
may not have an occupant and may be a package delivery
vehicle may and the route provided may be the safest route
based on the stress level of drivers of other vehicles.

[0067] In some embodiments, steps of the flow chart 500
may be rearranged or omitted. Additionally, any portion of
any step may be added to a different step or omitted. For
example, step 502 presents a map to the driver and a possible
driving route. The map and driving route may not be
presented until step 518. In another example, the stress level
calculation in step 506 may be performed at the central
server after the vehicle information has been sent to the
central server. Additionally, the vehicle may be in direct
communication with other vehicles and all calculations may
be performed on the vehicle without the central server.
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[0068] Many different arrangements of the various com-
ponents depicted, as well as components not shown, are
possible without departing from the scope of the claims
below. Embodiments of the invention have been described
with the intent to be illustrative rather than restrictive.
Alternative embodiments will become apparent to readers of
this disclosure after and because of reading it. Alternative
means of implementing the aforementioned can be com-
pleted without departing from the scope of the claims below.
Certain features and subcombinations are of utility and may
be employed without reference to other features and sub-
combinations and are contemplated within the scope of the
claims. Although the invention has been described with
reference to the embodiments illustrated in the attached
drawing figures, it is noted that equivalents may be
employed and substitutions made herein without departing
from the scope of the invention as recited in the claims.

Having thus described various embodiments of the inven-
tion, what is claimed as new and desired to be protected by
Letters Patent includes the following:

1. A system for generating a map of an affective traffic
environment based at least in part on a location and a
destination of a first vehicle, comprising:

a first sensor configured to collect a first set of data

associated with a driver of the first vehicle;

a second sensor configured to collect a second set of data

associated with a driver of a second vehicle;

a processot;

one or more non-transitory computer storage media stor-

ing:
a first driver profile based at least in part on the first set
of data;
a second driver profile based at least in part on the
second set of data;
the destination and the location of the first vehicle;
computer-executable instructions that, when executed
by the processor, perform a method of generating a
map of an affective traffic environment based at least
in part on the destination and the location of the first
vehicle, comprising the steps of:
calculating a first stress level from the first driver
profile;
calculating a second stress level from the second
driver profile;
calculating a stress zone based at least in part on the
second stress level and a location of the second
vehicle;
calculating a driving route for the first vehicle based
at least in part on the stress zone; and
communicating with a second processor configured
to display the map of the affective driving envi-
ronment to the first driver,
wherein the map includes the driving route and the
stress zone.

2. The system of claim 1, wherein the first sensor is at
least one of a galvanometer, a pressure sensor, a cardiovas-
cular sensor, a camera, a microphone, a photoplethysmo-
graph, and a thermometer.

3. The system of claim 1, wherein the second set of data
is indicative of at least one of a measured heart rate, a facial
expression, a voice, a breath rate, a pupil dilation response,
muscle tension, skin conductivity, and movement.

4. The system of claim 1, wherein the stress zone is
indicative of the second stress level.
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5. The system of claim 1,

wherein the computer storage medium is further config-
ured to store a history of the location of the second
vehicle; and

wherein the method further comprises a step of predicting

alocation of the stress zone based at least in part on the
history of the location of the second vehicle.

6. The system of claim 5, wherein the driving route is
further based at least in part on the predicted location of the
stress zone.

7. The system of claim 1,

wherein the computer storage medium is further config-

ured to store a history of the first set of data and predict
a future stress level of the driver of the first vehicle
based at least in part on the stored history of the first set
of data, and

wherein the driving route is further based at least in part

on the future stress level of the driver.

8. The system of claim 1, wherein the first stress level is
based at least in part on a determined emotion of the driver
of the first vehicle.

9. The system of claim 1, wherein the map further
displays man-made and natural objects.

10. A method of generating a map of an affective traffic
environment based at least in part on a destination and a
location of a first vehicle, comprising the steps of:

collecting via at least one sensor a first set of data

associated with the driver of the first vehicle;
collecting via at least one second sensor a second set of
data associated with the driver of a second vehicle;
determining a first stress level from the first set of data;
determining a second stress level from the second set of
data;

generating the map of the affective traffic environment;

generating a stress zone from at least the second stress

level and a location of the second vehicle;
generating a recommended driving route for the first
vehicle based at least in part on the stress zone; and

displaying the map of the affective traflic environment of
the first vehicle, stress zone, and recommended driving
route to the driver of the first vehicle.

11. The method of claim 10, wherein the stress zone is
further determined from a history of the location of the
second vehicle.

12. The method of claim 11, wherein the stress zone is
further determined from information associated with other
vehicles in the affective traffic environment.

13. The method of claim 10, wherein the first set of data
and the second set of data is indicative of at least one of a
measured heart rate, a facial expression, a voice, a breath
rate, a pupil dilation response, muscle tension, skin conduc-
tivity, and movement.

14. The method of claim 10, further comprising the steps
of:

storing a history of the first set of data; and

determining a baseline stress level based at least in part on

the history of the first set of data,

wherein the driving route is generated based in further

part on a comparison of the first set of data and the
history of the first set of data.

15. The method of claim 10, wherein data defining the
driving route is configured for the first vehicle to use for
navigating the driving route autonomously.
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16. One or more computer storage media storing com-
puter-executable instructions that, when executed by a pro-
cessor, perform a method of generating a map of an affective
traffic environment based at least in part on a destination and
a location of a vehicle, the method comprising the steps of:

sensing a stress level of an occupant of the vehicle;

generating the map of the affective traffic environment of
the vehicle based at least in part on a location of the
vehicle;

displaying the map of the affective traffic environment to
the occupant of the vehicle; and

recommending a driving route to the occupant of the
vehicle via the map of the affective traffic environment,

wherein the driving route is based at least in part on the
stress level of the occupant of the vehicle, location of
the vehicle, destination of the vehicle, and information
associated with the other traffic in the affective traffic
environment.

17. The media of claim 16, wherein the information
associated with the other traffic in the affective traffic
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environment is at least one of a location, a speed, and an
acceleration of at least one vehicle in the affective traffic
environment.

18. The media of claim 16, wherein the method further
comprises the steps of:

storing a history of the stress level in a data store,

determining a baseline stress level based at least in part on

the history of the stress level stored, and

wherein the stress level based at least in part on the

baseline stress level.

19. The media of claim 16, wherein the second set of data
is indicative of at least one of a measured heart rate, a facial
expression, a voice, a breath rate, a pupil dilation response,
muscle tension, skin conductivity, and movement.

20. The media of claim 16, wherein the method further
comprises a step of

generating a stress zone based at least in part on the

information associated with other traffic in the affective
traffic environment, and

wherein the driving route is further based at least in part

on the stress zone.
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