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Description
Field of the Invention

[0001] This invention relates generally to driver and
vehicle safety, and more particularly to reducing a vehicle
driver’s core temperature to inhibit drowsiness.

Background of the Invention

[0002] When aperson becomes drowsy, alertness and
responsiveness are reduced. However, people often be-
come drowsy when operating a vehicle for a prolonged
period of time. Hence, drowsiness causes many acci-
dents during vehicle operation, such as driving. In par-
ticular, after driving for long periods, vehicle drivers often
become drowsy and fail to promptly react to adverse sit-
uations. This increased response time can cause loss of
vehicular control leading to an accident.

[0003] Because of the risks of driving or otherwise op-
erating a vehicle while drowsy, conventional safety sys-
tems attempt to keep a vehicle driver awake. Many of
these conventional methods monitor the frequency in
which a vehicle driver’s eyelids open and close or meas-
ure the eye activity of a vehicle driver to detect signs of
drowsiness. Responsive to detecting signs of drowsi-
ness, these conventional safety systems sound an alarm
or take another action to alert or startle the vehicle driver,
as described in documents US2002/0101 354 A1 and
US 5,689,241.

[0004] However, these conventional safety systems
only briefly increase vehicle driver alertness. Because
these systems only increase driver alertness for a short
period of time vehicle drivers frequently become drowsy
again if driving or vehicle operation continues. Addition-
ally, vehicle drivers can become desensitized to the alert
after it repeatedly occurs, reducing the long-term effec-
tiveness of the alert.

[0005] Hence, there is a need for a method and appa-
ratus to reduce vehicle driver drowsiness for more than
a short period of time.

Summary of the Invention

[0006] The present invention provides a system and
method for reducing a vehicle driver’s core temperature
to offset drowsiness. In one embodiment, a temperature
sensor, such as a thermometer, records data describing
a vehicle driver core temperature. The temperature sen-
sor communicates the data describing the vehicle driver
core temperature to a temperature regulator. The tem-
perature regulator determines whether the data describ-
ing the vehicle driver core temperature is similar to stored
data describing one or more circadian temperatures as-
sociated with sleep. Responsive to determining that the
data describing the vehicle driver core temperature is
similar to a circadian temperature associated with drow-
siness, the temperature regulator reduces the vehicle
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driver core temperature. In an embodiment, the temper-
ature regulator cools a material which physically contacts
asurface of the vehicle driver, such as the vehicle driver’s
palms, to a temperature lower than the vehicle driver’s
core temperature. In an embodiment, the cooled material
physically contacts the venous plexuses and/or arterio-
venous anastomoses, allowing the temperature regula-
tor to most efficiently cool the vehicle driver. In an em-
bodiment, the temperature regulator also includes a vac-
uum source which reduces the pressure in an area sur-
rounding the cooled surface to further decrease the time
needed to cool the driver by increasing the vehicle driver
blood flow through the surface of the vehicle driver which
physically contacts the cooled material.

[0007] In an embodiment, vehicle driver core temper-
ature is initially determined. Itis then determined whether
the vehicle driver core temperature is a temperature as-
sociated with drowsiness. If the vehicle driver core tem-
perature is associated with drowsiness, the vehicle driver
core temperature is reduced. In an embodiment, the ve-
hicle driver core temperature is reduced for a specified
time interval. Alternatively, the vehicle driver core tem-
perature is reduced until it reaches a specified core tem-
perature, such as a core temperature associated with
wakefulness.

[0008] The features and advantages described in the
specification are not all inclusive and, in particular, many
additional features and advantages will be apparent to
one of ordinary skill in the art in view of the drawings,
specification, and claims. Moreover, it should be noted
thatthe language used in the specification has been prin-
cipally selected for readability and instructional purpos-
es, and may not have been selected to delineate or cir-
cumscribe the inventive subject matter.

Brief Description of the Drawings
[0009]

Figure 1 is a graph illustrating the relationship be-
tween human body temperature and human sleep
cycle.

Figure 2 is a diagram of the arteriovenous anasto-
moses of the human skin.

Figure 3 is a computing system for regulating vehicle
driver core temperature according to one embodi-
ment of the invention.

Figure 4 is an example vehicle-based implementa-
tion of a vehicle driver core temperature regulation
system according to an embodiment of the invention.
Figure 5 is a temperature regulator according to an
embodiment of the invention.

Figure 6 is a flowchart of a method for regulating
vehicle driver temperature based on drowsiness de-
tection according to an embodiment of the invention.
Figure 7 is a flowchart of a method for regulating
vehicle driver temperature based on vehicle opera-
tion time according to an embodiment of the inven-
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tion.
Detailed Description of the Invention

[0010] A preferred embodiment of the present inven-
tion is now described with reference to the Figures where
like reference numbers indicate identical or functionally
similar elements. Also in the Figures, the left most digits
of each reference number correspond to the Figure in
which the reference number is first used.

[0011] Reference in the specification to "one embodi-
ment" or to "an embodiment" means that a particular fea-
ture, structure, or characteristic described in connection
with the embodiments is included in at least one embod-
iment of the invention. The appearances of the phrase
"inone embodiment" in various places in the specification
are not necessarily all referring to the same embodiment.
[0012] Some portions of the detailed description that
follows are presented in terms of algorithms and symbolic
representations of operations on data bits within a com-
puter memory. These algorithmic descriptions and rep-
resentations are the means used by those skilled in the
data processing arts to most effectively convey the sub-
stance of their work to others skilled in the art. An algo-
rithm is here, and generally, conceived to be a self-con-
sistent sequence of steps (instructions) leading to a de-
sired result. The steps are those requiring physical ma-
nipulations of physical quantities. Usually, though not
necessarily, these quantities take the form of electrical,
magnetic or optical signals capable of being stored,
transferred, combined, compared and otherwise manip-
ulated. It is convenient at times, principally for reasons
of common usage, to referto these signals as bits, values,
elements, symbols, characters, terms, numbers, or the
like. Furthermore, it is also convenient at times, to refer
to certain arrangements of steps requiring physical ma-
nipulations of physical quantities as modules or code de-
vices, without loss of generality.

[0013] However, all of these and similar terms are to
be associated with the appropriate physical quantities
and are merely convenient labels applied to these quan-
tities. Unless specifically stated otherwise as apparent
from the following discussion, it is appreciated that
throughout the description, discussions utilizing terms
such as "processing" or "computing" or "calculating" or
"determining" or "displaying" or "determining" or the like,
refer to the action and processes of a computer system,
or similar electronic computing device, that manipulates
and transforms data represented as physical (electronic)
quantities within the computer system memories or reg-
isters or other such information storage, transmission or
display devices.

[0014] Certain aspects of the presentinvention include
process steps and instructions described herein in the
form of an algorithm. It should be noted that the process
steps and instructions of the present invention could be
embodied in software, firmware or hardware, and when
embodied in software, could be downloaded to reside on

10

15

20

25

30

35

40

50

55

and be operated from different platforms used by a variety
of operating systems.

[0015] The algorithms and displays presented herein
are not inherently related to any particular computer or
other apparatus. Various general-purpose systems may
also be used with programs in accordance with the teach-
ings herein, or it may prove convenient to construct more
specialized apparatus to perform the required method
steps. The required structure for a variety of these sys-
tems will appear from the description below. In addition,
the present invention is not described with reference to
any particular programming language. It will be appreci-
ated that a variety of programming languages may be
used to implement the teachings of the present invention
as described herein, and any references below to specific
languages are provided for disclosure of enablementand
best mode of the present invention.

[0016] In addition, the language used in the specifica-
tion has been principally selected for readability and in-
structional purposes, and may not have been selected
to delineate or circumscribe the inventive subject matter.
Accordingly, the disclosure of the present invention is
intended to be illustrative, but not limiting, of the scope
of the invention, which is set forth in the claims.

[0017] Figure 1shows the relationship between human
body temperature and the human sleep cycle. As shown
in Figure 1, in a 24 hour period a human’s core body
temperature rises and falls in a rhythmic fashion. Even
during periods of sleep deprivation 130, human core tem-
perature maintains this rhythmic variation, commonly re-
ferred to as "circadian rhythm."

[0018] Studies have shown that elevated core temper-
ature in the human body is associated with fatigue. Fur-
ther, it has been observed that body temperature rises
to a peak 110, 120 temperature before sleep onset. In
fact, the human core temperature decreases after enter-
ing a sleep state and particularly during the so-called
non-rapid eye movement (NREM) sleep state which is
associated with passively decreased muscle tone.
Throughout a sleep state, the body temperature reduces
toa minimum value, or nadir, 112 when the person wakes
up. Hence, variations in human core temperature affect
the timing of sleep and wakefulness in humans. Because
or this relationship between body temperature and sleep,
affecting body temperature can prolong wakefulness in
a person.

[0019] Because ofthe correlation between human core
temperature peaks 110, 120 and the onset of drowsiness
and the correlation between the human core temperature
nadir 112 and awakening, reducing human core temper-
ature as it approaches a peak 110, 120 may prevent the
human from entering a drowsy state. However, the hu-
man body includes many physical mechanisms and sys-
tems which prevent external sources from rapidly or dras-
tically modifying core temperature. In particular, the body
includes a body thermostat in the preoptic anterior hy-
pothalamus of the brain stem which triggers one or more
mechanisms for maintaining body temperature. For ex-
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ample, in response to a rapid temperature drop, the body
thermostat reduces blood flow to the body’s extremities
(e.g., hands and feet) to increase blood flow within the
body’s core. Conversely, the body thermostat dilates
blood vessel to increase blood flow to the body’s extrem-
ities to "cool" the body responsive to a rapid temperature
increase. Other mechanisms exist in the human ther-
moregulation system to maintain a constant, regulated
temperature.

[0020] As part of the anatomical mechanisms to sup-
port this predisposition towards stabilizing core temper-
ature, humans and other mammals include specialized
blood vessels, such as venous plexuses and arteriov-
enous anastomoses which are capable of rapidly dissi-
pating heat from the body. For purposes of illustration,
Figure 2 shows an illustration of the arteriovenous anas-
tomoses 200 in the human body; however, the venous
plexus have a similar structure and perform a similar func-
tion within the human body. The venous plexuses and
arteriovenous anastomoses 200 are found in the palms,
an area on the cheek below the eyelids and the soles of
the feet. By redirecting blood from capillaries into the ve-
nous plexuses and/or arteriovenous anastomoses 200,
the human body quickly dissipates heat. Hence, the ve-
nous plexuses and arteriovenous anastomoses 200 act
as radiators for the human body to rapidly regulate core
temperature.

[0021] However, the venous plexuses and arteriov-
enous anastomoses can also be used to heat or cool the
body using the circulatory system. For example, applying
an external heat source to the venous plexuses and ar-
teriovenous anastomoses 200 warms the blood traveling
through the venous plexuses and arteriovenous anasto-
moses 200 and causes the warmed blood to be returned
to the heart. The circulatory system then circulates this
warmed blood throughout the body, essentially warming
the body from the inside out. Similarly, applying an ex-
ternal heat sink, such as a material cooled below the
ambient temperature or temperature of the body, to the
venous plexuses and/or arteriovenous anastomoses 200
extracts heat from blood circulating through the venous
plexuses and arteriovenous anastomoses 200. The
chilled blood is returned to the heart and circulated
throughout the body by the circulatory system, allowing
for rapid reduction in human core temperature. For ex-
ample, applying a material cooled below ambient tem-
perature or body temperature to the venous plexuses
and arteriovenous anastomoses 200 allows heat to be
extracted from the body at rates from 0.5 to 50 Kcal/min.
Thus, application of a low temperature medium to the
venous plexuses and/or arteriovenous anastomoses 200
enables rapid reduction of human core temperature.
[0022] Figure 3isacomputersystem 300 forregulating
driver core temperature according to one embodiment of
the invention. In one embodiment, the computer system
300 includes a temperature sensor 310 and a tempera-
ture regulator 320. In another embodiment, the computer
system 300 also includes a secondary drowsiness mon-
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itor 330, a storage device 340 and/or a timing device 350.
[0023] The temperature sensor 310, such as a ther-
mometer, captures data describing the temperature of a
vehicle driver. Inan embodiment, the temperature sensor
310 comprises an infrared or other non-invasive ther-
mometer directed towards a vehicle driver which contin-
uously captures data describing the vehicle driver’s body
temperature, which is used to calculate the vehicle driv-
er’'s core temperature. Hence, the temperature sensor
310 allows non-invasive determination of the vehicle driv-
er's core temperature. Alternatively, the temperature
sensor 310 captures vehicle driver temperature data in
periodic intervals. In various embodiments, the temper-
ature sensor 310 comprises an infrared thermometer or
other non-contact thermometer which captures data de-
scribing a vehicle driver temperature. For example, the
temperature sensor 310 is attached to a vehicle side, a
vehicle dashboard, included in a vehicle seat or other
vehicle location having a line of sight to the vehicle driver.
Alternatively, the temperature sensor 310 makes physi-
cal contact with a surface of the vehicle driver, such as
the vehicle driver’s ear or skin surrounding the ear, the
vehicle driver’s neck or other exposed skin on a vehicle
driver, without interfering with the vehicle driver’s ability
to operate the vehicle. In another embodiment, the tem-
perature sensor 310 is included in the temperature reg-
ulator 320, further described below, so that the temper-
ature regulator 320 both determines the vehicle driver’s
temperature and modifies the vehicle driver's tempera-
ture.

[0024] The temperature regulator 320 makes contact
with a surface of the vehicle driver, such as a portion of
the vehicle driver’s skin, such as the venous plexuses or
arteriovenous anastomoses, and cools the vehicle driver.
In one embodiment, the temperature regulator 320 com-
prises a material whose temperature is reduced to a tem-
perature below the ambient temperature of the vehicle
driver’'s. For example, the temperature regulator 320 in-
cludes aluminum or another material having high thermal
conductivity coupled to a desiccant cooling device, an
exothermic or endothermic chemical reaction or other
device or reaction which produces a temperature vari-
ance. Alternatively, cooled liquid flows adjacent to a sur-
face of the thermally conductive material, such as the
surface which does not contact the vehicle driver’s skin,
and reduces the temperature of the thermally conductive
material. Because the thermally conductive material con-
tacts the venous plexuses or arteriovenous anastomoses
ofthe vehicle driver, cooling the thermally conductive ma-
terial extracts heat from the vehicle driver’s circulating
blood, reducing vehicle driver core temperature. In one
embodiment, the thermally conductive material is includ-
ed in a housing which is coupled to a vacuum source.
The vacuum source reduces atmospheric pressure with-
in the housing to a pressure lower than ambient pressure
("negative pressure"), to facilitate extraction of heat from
the vehicle driver by increasing the amount of blood from
the vehicle driver flowing through the venous plexuses
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and/or arteriovenous anastomoses. Examples of tem-
perature regulator 320 implementations are found in U.S.
Patent No. 6,602,277, U.S. Patent No. 6,656,208 and
U.S. Patent No. 6,974,442.

[0025] In an embodiment, the computer system 100
alsoincludes a secondary drowsiness monitor 330 which
monitors the vehicle driver for one or more indications of
drowsiness. For example, the secondary drowsiness
monitor 330 comprises an image capture module which
captures data describing how long the vehicle driver’s
eyes are closed during a blink, how a vehicle driver's
head moves over time or other physiological data indi-
cating a vehicle driver’s alertness. Alternatively, the sec-
ondary drowsiness monitor 330 comprises a motion sen-
sor monitoring vehicle motion to identify erratic driving
patterns associated with drowsiness (e.g., swerving,
wandering between locations). In another embodiment,
the secondary drowsiness monitor 330 captures data de-
scribing vehicle steering performance (e.g., movement
of a vehicle steering device such as a steering wheel, for
example), which can be compared to road information
stored in the storage device 340 to determine if the ve-
hicle steering indicates vehicle driver drowsiness. For
example, if the captured vehicle steering data deviates
from the stored road information by a defined threshold,
the captured steering data is associated with vehicle driv-
er drowsiness.

[0026] The storage device 340 stores data from the
temperature sensor 310, the secondary drowsiness
monitor 330 and/or the temperature regulator 320. In an
embodiment, the storage device 340 also stores data
entered or provided by a user or other suitable manner
of data acquisition. In an embodiment, the storage device
340 also stores data describing road information, such
as maps also used for on-board navigation. The storage
device 340 comprises a hard disk drive, a flash memory
device or other suitable mass storage device. Further,
the storage device 340 can be a volatile storage device
(e.g., dynamic random access memory (DRAM), static
random access memory (SRAM) or another suitable
memory device), a non-volatile storage device or a com-
bination of a non-volatile storage device and a volatile
storage device.

[0027] In an embodiment, the computer system 300
also includes a timing device 350 which causes the tem-
perature regulator 320 to reduce the vehicle driver’s tem-
perature at specified intervals or at specified times. For
example, the timing device 350 includes data describing
specified intervals in which to reduce the vehicle driver
temperature, such as two hours after the vehicle is start-
ed. This allows vehicle driver temperature to be preemp-
tively cooled before the vehicle driver exhibits symptoms
of drowsiness. Alternatively, the timing device 350 in-
cludes data specifying one or more times to reduce ve-
hicle driver temperature, such as cooling the vehicle driv-
er at midnight or another time when the vehicle driver is
likely to be drowsy. Additionally, the timing device 350
records data describing the duration of vehicle operation,
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such as the amount of time the vehicle has been running
or moving.

[0028] It should be apparent to one skilled in the art
that computing system 300 may include more or less
components than those shown in Figure 3 without de-
parting from the scope of the present invention. For ex-
ample, computing system 300 may include additional
memory devices, such as, for example, a first or second
level cache, orone or more application specificintegrated
circuits (ASICs). Similarly, computing system 300 may
include additional input or output devices. In some em-
bodiments of the present invention one or more of the
components (310, 320, 330, 340, 350) can be positioned
in close proximity to each other while in other embodi-
ments these components can be positioned in different
positions within a vehicle and communicate with each
other using a wireless communication system, a wired
communication system or a combination of wireless com-
munication and wired communication systems. For ex-
ample, the storage device 340 and/or the timing device
350 can be included in a vehicle trunk while the temper-
ature sensor 310, temperature regulator 320 and sec-
ondary drowsiness monitor 330 are included in a vehicle
passenger compartment.

[0029] Figure 4 is an example vehicle-based imple-
mentation of a driver core temperature regulation system
according to an embodiment of the invention. For pur-
poses of illustration, Figure 4 shows the position of var-
ious components of the driver core temperature regula-
tion system relative to a vehicle driver 400 in one em-
bodiment. In other embodiments, the vehicle driver core
temperature regulation system components are located
in different positions relative to each other and the vehicle
driver 400 within a vehicle.

[0030] Inanembodiment, the temperature sensor 310
is located near the head of a vehicle driver 400. For ex-
ample, the temperature sensor 310 is positioned near
the vehicle driver’s ear or forehead to determine the ve-
hicle driver’s temperature. The temperature sensor 310
communicates vehicle driver temperature data to the
temperature regulator 320. For example, the tempera-
ture sensor 310 uses a wireless communication system
such a as Bluetooth, WiFi or WiMAX transceiver to com-
municate temperature data to the temperature regulator
320. Alternatively, the temperature sensor 310 and tem-
perature regulator 320 use a wired electrical or data con-
nection to transmit and/or receive data.

[0031] The temperature regulator 320 physically con-
tacts the venous plexuses and/or the arteriovenous anas-
tomoses of the vehicle driver 400. This allows the tem-
perature regulator 320 to more quickly and safely reduce
the vehicle driver's 400 body temperature. While the tem-
perature regulator 320 reduces vehicle driver core tem-
perature at an increased rate, the temperature regulator
320 does not reduce the vehicle driver’s core tempera-
ture rapidly enough for the vehicle driver’s body to initiate
defense mechanisms to regulate temperature. For ex-
ample, while the temperature regulator 320 reduces the
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vehicle driver's temperature, this reduction in vehicle
driver temperature does not cause the vehicle driver's
body thermostat to constrict blood vessels or cause shiv-
ering to produce internal heat for maintaining vehicle driv-
er core temperature. In the example illustrated in Figure
4, a vehicle steering device 410, such as a steering
wheel, includes the temperature regulator 320, so the
temperature regulator 320 physically contacts the palms
of the vehicle driver's 400 hands. Alternatively, a tem-
perature regulator 320 physically contacts the soles of
the vehicle driver's 400 feet and can be included in an
accelerator pedal and/or a brake pedal of the vehicle. In
another embodiment, the temperature regulator 320
physically contacts both the vehicle driver’s palms and
soles, allowing for more efficient cooling of the vehicle
driver 400. These locations allow the temperature regu-
lator 320 to most efficiently reduce vehicle driver 400
body temperature by exploiting regions of the vehicle
driver’s anatomy that most efficiently regulate tempera-
ture, such as the venous plexuses and arteriovenous
anastomoses.

[0032] In an embodiment, the secondary drowsiness
monitor 330 is positioned to capture video or image data
of the vehicle driver’'s 400 face. For example, the sec-
ondary drowsiness monitor 330 is connected to a dash-
board or other surface at the front of the vehicle. Alter-
natively, the secondary drowsiness monitor 330 commu-
nicates with a vehicle steering system and monitors
changes in the vehicle’s direction of motion. In another
embodiment, the secondary drowsiness monitor 330
both captures data describing one or more physical at-
tributes of the vehicle driver 400 and data describing the
vehicle motion. In various embodiments, the secondary
drowsiness monitor 330 uses a wireless communication
method, awired communication method or a combination
of wireless and wired communication methods to ex-
change data with the temperature regulator 320 and/or
the temperature sensor 310.

[0033] Figure 5shows atemperature regulator 320 ac-
cording to an embodiment of the invention. The temper-
ature regulator 320 comprises a cooling module 510, a
drowsiness identification module 520 and a communica-
tion module 530. In an embodiment, the temperature reg-
ulator 320 further comprises a vacuum source 540.
[0034] The cooling module 510 comprises a material
having high thermal conductivity, such as aluminum and
a cooling system to reduce the temperature of the ther-
mally conductive material. For example, the cooling mod-
ule 510 includes a desiccant cooling device, reagents for
an exothermic or endothermic chemical reaction or other
device or reaction which reduces the temperature of the
thermally conductive material. Alternatively, the cooling
module 510 flows cooled liquid adjacent to a surface of
the thermally conductive material. As the cooled liquid
passes by the thermally conductive material, the temper-
ature of the thermally conductive material is reduced as
heat from the thermally conductive material flows from
the material to the cooled liquid. For example, a vehicle
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driver physically contacts a first surface of the thermally
conductive material while a second surface of the ther-
mally conductive material is adjacent to the cooled liquid.
Because the material is thermally conductive, cooling the
second surface of the thermally conductive material also
reduces the temperature of the first surface of the ther-
mally conductive material. Hence, the cooling module
510 allows a surface of the thermally conductive material
with a low temperature to physically contact a surface of
the vehicle driver. As the cooling module 510 is posi-
tioned in the vehicle to physically contact the vehicle driv-
er’'s venous plexuses or arteriovenous anastomoses, the
cooling module 510 allows for rapid extraction of heat
from the vehicle driver's body. Examples of a cooling
module 510 are found in U.S. Patent No. 6,602,277, U.S.
Patent No. 6,656,208 and U.S. Patent No. 6,974,442.
[0035] The drowsiness identification module 520 re-
ceives data from the communication module 530 describ-
ing vehicle driver temperature from the temperature sen-
sor 310. The drowsiness identification module 520 com-
pares the received vehicle driver temperature data with
stored data to determine if the vehicle driver is drowsy
or is likely to become drowsy. For example, the drowsi-
ness identification module 520 compares vehicle driver
temperature data to stored data describing human circa-
dian rhythm temperatures. If the vehicle driver tempera-
ture data is similar to a circadian rhythm temperature
associated with drowsinessis likely, the drowsiness iden-
tification module 520 communicates with the cooling
module 510 to begin cooling the vehicle driver. Alterna-
tively, the drowsiness identification module 520 uses
temporal data from the communication module 530 to
determine whether to begin cooling the vehicle driver.
For example, the drowsiness identification module 520
compares data describing how long the vehicle has been
moving or running or data identifying a time of day to
stored data describing one or more times of day when a
vehicle driver is likely to be drowsy or describing a thresh-
old value representing an operating time when the vehi-
cle driver is likely to become drowsy. In an embodiment,
the drowsiness identification module 520 also receives
data from the secondary drowsiness monitor 330 and
determines whether the received data is similar to store
data describing physical characteristics or vehicle move-
ment associated with drowsiness.

[0036] The drowsiness identification module 520 can
be implemented in many ways. For example, it can be a
software process executable by processor (not shown)
and/or a firmware application. The process and/or
firmware can be configured to operate on a general pur-
pose microprocessor or controller, a field programmable
gate array (FPGA), an application specific integrated cir-
cuit (ASIC) or a combination thereof. Alternatively, the
drowsiness identification module 520 comprises a proc-
essor configured to process data describing events and
may comprise various computing architectures including
a complex instruction set computer (CISC) architecture,
a reduced instruction set computer (RISC) architecture
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or an architecture implementing a combination of instruc-
tion sets. The drowsiness identification module 520 can
comprise a single processor or multiple processors. Al-
ternatively, drowsiness identification module comprises
multiple software or firmware processes running on a
general purpose computer hardware device.

[0037] The communication module 530 links the drow-
siness identification module 520 to the temperature sen-
sor 310, the secondary drowsiness monitor 330, the stor-
age device 340 and/or other vehicle systems or systems
external to the vehicle via a network (not shown). The
network may comprise alocal area network (LAN), awide
area network (WAN) (e.g. the Internet), and/or any other
interconnected data path across which multiple devices
may communicate. In one embodiment, the communica-
tion module 530 is a conventional connection, such as
USB, IEEE 1394 or Ethernet, to one or more vehicle sys-
tems or external systems for distribution of files and in-
formation. In another embodiment, the communication
module 530 is a conventional type of transceiver, such
as for infrared communication, IEEE 802.1 la/b/g/n (or
WiFi) communication, Bluetooth® communication, 3G
communication, IEEE 802.16 (or WiMax) communica-
tion, or radio frequency communication.

[0038] In one embodiment, the temperature regulator
320 also includes a vacuum source 540 which commu-
nicates with the cooling module 510 and the drowsiness
identification module 520. The vacuum source reduces
the atmospheric pressure in an area adjacent to the cool-
ing module 510 to increase vehicle driver blood flow
through the surface or surfaces physically contacting the
cooling module 510. For example, the cooling module
510 includes a housing or casing surrounding the ther-
mally conductive material which is connected to the vac-
uum source 540. The vacuum source 540 reduces at-
mospheric pressure within the housing or casing to a
pressure lower than ambient pressure ("negative pres-
sure"), allowing the thermally conductive materialto more
rapidly extract heat from the vehicle driver. Any type of
vacuum regulator or control mechanism may be used to
modify the pressure associated with the cooling module
510. Examples of temperature regulator 320 implemen-
tations are found in U.S. Patent No. 6,602,277, U.S. Pat-
ent No. 6,656,208 and U.S. Patent No. 6,974,442.
[0039] Figure6isa flowchart of a method for regulating
vehicle driver temperature based on drowsiness detec-
tion according to an embodiment of the invention.
[0040] Initially, the temperature sensor 310 monitors
610 the vehicle driver's temperature. In an embodiment,
the vehicle driver's temperature is continuously moni-
tored 610 by the temperature sensor 310. Alternatively,
the temperature sensor 310 measures the vehicle driv-
er's temperature at specified intervals. For example, the
temperature sensor 310 measures vehicle driver tem-
perature at one hour intervals, two hour intervals or after
a predefined duration. In an embodiment, temperature
sensor 310 also determines the time of day from a vehicle
clock and adjusts the vehicle driver monitoring 610 based
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on the time of day. For example, between 6 PM and 6
AM, the vehicle driver temperature is monitored 610 more
frequently (e.g., at 30 minute intervals), as the vehicle
driver is more likely to be drowsy. Alternatively, the ve-
hicle driver monitoring 610 increases in frequency as the
vehicle driver temperature increases.

[0041] Additionally, in an embodiment, the secondary
drowsiness monitor 330 also monitors 610 the vehicle
driver for physiological signs of drowsiness. Forexample,
the secondary drowsiness monitor determines the vehi-
cle driver’s gaze stability, how frequently the vehicle driv-
er blinks, how long the vehicle driver's eyes are closed
when blinking, the vehicle driver's head movement,
movement of the vehicle driver’s hands or other physical
actions of the vehicle driver associated with drowsiness.
This allows the secondary drowsiness monitor 330 to
monitor 610 additional physical characteristics of the ve-
hicle driver to more accurately determine if the vehicle
driver is drowsy.

[0042] The temperature regulator 320 then receives
data from the temperature sensor 310 and/or the sec-
ondary drowsiness monitor 330 and determines 620
whether the received data is associated with one or more
signs of vehicle driver drowsiness. For example, the tem-
perature regulator 320 determines 620 whether the ve-
hicle driver’s temperature equals a maximum vehicle
driver temperature or whether the vehicle driver's tem-
perature is within a threshold amount of the maximum
vehicle driver temperature. In an embodiment, the tem-
perature regulator 320 also evaluates data from the sec-
ondary drowsiness monitor 330 to determine 620 wheth-
er the vehicle driver is exhibiting one or more physical
behaviors associated with drowsiness.

[0043] Ifthetemperature regulator 320 determines 620
that the vehicle driver is exhibiting one or more signs of
drowsiness, the temperature regulator 320 reduces 630
the vehicle driver’'s core temperature. Hence, if the vehi-
cle driver is exhibiting one or more physical behaviors
commonly associated with drowsiness, the vehicle driv-
er’'s temperature is reduced to increase the vehicle driv-
er’s alertness. As the human body associates lower core
temperatures with wakefulness, by reducing the vehicle
driver's temperatures, the temperature regulator 320 in-
creases the likelihood that the vehicle driver will remain
awake and alert. In one embodiment, the temperature
regulator 320 cools the vehicle driver for a specified or
predetermined time interval. Alternatively, the tempera-
ture regulator cools the driver to a predetermined tem-
perature, such as the circadian rhythm nadir. However,
if the temperature regulator determines 6230 that the ve-
hicle driveris not exhibiting signs of drowsiness, no action
is taken 640 by the temperature regulator so the vehicle
diver’'s temperature is unchanged.

[0044] Figure7isaflowchart of a method forregulating
vehicle driver temperature based on vehicle operation
time according to an embodiment of the invention.
[0045] Initially, the temperature regulator 320 or timing
device 350 identifies 710 the vehicle start time. In an
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embodiment, the time in which the vehicle starts moving
is identified 710 as the vehicle start time. Alternatively,
the time when a vehicle component, such as an engine
or drive train component, begins operating is identified
710 as the vehicle start time. The vehicle operation time
is then determined 720 with reference to the vehicle start
time. For example, when the vehicle is started, a timer
which indicates time elapsed from the vehicle start time.
In an embodiment, the timing device 350, storage device
340 or temperature regulator 320 stores data describing
the vehicle operation time.

[0046] The temperature regulator 320 then determines
730 whether the vehicle operation time exceeds a thresh-
old value stored in the storage device or the temperature
regulator 320. Inan embodiment, the threshold value rep-
resents a time interval in which it is likely for a vehicle
driver to become fatigued, such as three hours of vehicle
operation. In an embodiment, the threshold value can be
customized according to various user implementations,
preferences or requirements. If the vehicle operation time
exceeds or equals the threshold value, the temperature
regulator 320 reduces 740 the vehicle driver’s core tem-
perature

[0047] Hence, after the vehicle driver operates the ve-
hicle for an amount of time specified by the threshold
value, the temperature regulator 320 reduces the vehicle
driver’s temperature to increase the vehicle driver’s alert-
ness. As vehicle operators are likely to become drowsy
after operating a vehicle forlong periods of time, reducing
the vehicle driver’s core to a temperature the human body
associates with wakefulness, the temperature regulator
320 increases the likelihood that the vehicle driver will
remain awake and alert. In one embodiment, the tem-
perature regulator 320 cools the vehicle driver for a spec-
ified or predetermined time interval. Alternatively, the
temperature regulator cools the driver to a predetermined
temperature, such as the circadian rhythm nadir. How-
ever, if the temperature regulator determines that the ve-
hicle operating time is less than the threshold value, no
action is taken 640 by the temperature regulator 320 so
the vehicle driver’'s temperature is unchanged.

[0048] While particular embodiments and applications
of the present invention have been illustrated and de-
scribed herein, it is to be understood that the invention
is not limited to the precise construction and components
disclosed herein and that various modifications, chang-
es, and variations may be made in the arrangement, op-
eration, and details of the methods and apparatuses of
the present invention without departing from the scope
of the invention as it is defined in the appended claims.

Claims

1. Avehicle-based system for reducing a core temper-
ature of a vehicle driver comprising:

a temperature sensor (310) capturing data de-
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scribing the core temperature of the vehicle driv-
er (400);

a temperature regulator (320) adapted to com-
municate with the temperature sensor (310), the
temperature regulator (320) determining wheth-
er the data describing the vehicle driver core
temperature is similar to stored temperature da-
ta associated with drowsiness, and the temper-
atureregulator (320) cooling a surface of a steer-
ing device (410) of the vehicle that is in contact
with the vehicle driver (400) responsive to the
data describing the vehicle driver core temper-
ature being similar to the stored temperature da-
ta associated with drowsiness.

The vehicle-based system of claim 1, further com-
prising:

a secondary drowsiness monitor (330) adapted
to communicate with the temperature regulator
(320), the secondary drowsiness monitor (330)
capturing data describing one or more vehicle
driver actions.

The vehicle-based system of claim 2, wherein the
one or more vehicle driver actions comprise a head
movement, a blink rate, a blink duration, a gaze sta-
bility or a steering device movement.

The vehicle-based system of claim 2, wherein the
temperature regulator (320) determines whether the
captured data describing one or more vehicle driver
actions indicates drowsiness and the temperature
regulator (320) cools the surface of the steering de-
vice (410) responsive to the captured data describing
a vehicle driver action indicating drowsiness.

The vehicle-based system of claim 1, wherein cool-
ing the surface of the steering device (410) compris-
es cooling a thermally conductive material in contact
with a palm of the vehicle driver (400).

The vehicle-based system of claim 1, further com-
prising:

a storage device (340) adapted to communicate
with the temperature regulator (320), the stor-
age device (340) storing the temperature data
associated with drowsiness.

The vehicle-based system of claim 1, further com-
prising:

a timing device (350) adapted to communicate
with the temperature regulator (320), the timing
device (350) capturing data describing a vehicle
operation time.
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The vehicle-based system of claim 7, wherein the
temperature regulator (320) compares the data de-
scribing the vehicle operation time to a threshold op-
eration time and the temperature regulator (320)
cools the surface of the steering device (410) respon-
sive to the data describing the vehicle operation time
equaling or exceeding the threshold operation time.

The vehicle-based system of claim 3, wherein the
temperature regulator (320) compares the data de-
scribing the steering device movement to stored nav-
igation data and responsive to the data describing
the steering device movement differing from the
stored navigation data by a specified threshold, the
temperature regulator (320) cools the surface of the
steering device (410).

The vehicle-based system of claim 5, wherein the
temperature regulator (320) cools the surface of the
steering wheel (410) to a temperature below an av-
erage vehicle driver’s core temperature.

A computer-implemented method for reducing a
core temperature of a vehicle driver comprising:

determining (610) the core temperature of the
vehicle driver with a temperature sensor (310);
determining (620) whether the core temperature
of the vehicle driver is similar to a temperature
associated with drowsiness; and

responsive to determining the core temperature
of the vehicle driver being similar to a tempera-
ture associated with drowsiness, cooling (630)
a surface of a steering device of the vehicle that
is in contact with the vehicle driver.

The computer-implemented method of claim 11,
wherein cooling (610) the surface of the steering de-
vice comprises:

reducing a surface temperature of a thermally
conductive material in contact with a palm of the
vehicle driver.

The computer-implemented method of claim 12, fur-
ther comprising:

reducing a pressure of an area adjacent to the
thermally conductive material to a value less
than an ambient air pressure.

The computer-implemented method of claim 11,
wherein determining (620) whether the core temper-
ature of the vehicle driver is associated with drowsi-
ness comprises:

receiving data describing one or more driver ac-
tions;
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15.

16.

17.

determining whether the one or more driver ac-
tions are associated with drowsiness; and
cooling the surface of the steering device of the
vehicle responsive to determining that the one
or more driver actions are associated with drow-
siness.

The computer-implemented method of claim 14,
wherein the one or more driver actions comprise a
head movement, a blink rate, a blink duration, a gaze
stability or a steering device movement.

The computer-implemented method of claim 11, fur-
ther comprising:

determining a cooled vehicle driver core tem-
perature;

comparing the cooled vehicle driver core tem-
perature to a circadian rhythm temperature as-
sociated with wakefulness; and
responsive to the cooled vehicle driver core tem-
perature not exceeding the temperature associ-
ated with wakefulness, stopping reducing the
core temperature of the vehicle driver.

The computer-implemented method of claim 11
wherein the surface of the steering wheel is cooled
to a temperature below an average vehicle driver’s
core temperature.

Patentanspriiche

1.

2,

Fahrzeugbasiertes System zum Reduzieren einer
Kerntemperatur eines Fahrzeugfahrers, aufwei-
send:

einen Temperatursensor (310), der Daten er-
fasst, die die Kerntemperatur des Fahrzeugfah-
rers (400) beschreiben;

einen Temperaturregler (320), der geeignet ist
um mit dem Temperatursensor (310) zu kom-
munizieren, wobei der Temperaturregler (320)
erfasst, ob die Daten, die die Kerntemperatur
des Fahrzeugfahrers beschreiben, dhnlich zu
gespeicherten Temperaturdaten sind, die mit
Schléafrigkeit assoziiert werden, und der Tempe-
raturregler (320) eine Oberflache einer Steue-
rungsvorrichtung (410) des Fahrzeugs, die mit
dem Fahrzeugfahrer (400) in Kontakt steht, in
Reaktion auf die Daten, die beschreiben, dass
die Kerntemperatur des Fahrzeugfahrers ahn-
lich den gespeicherten Temperaturdaten sind,
die mit Schlafrigkeit assoziiert werden, kihlt.

Fahrzeugbasiertes System nach Anspruch 1, wei-
terhin aufweisend:
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ein zweites Schlafrigkeitsiberwachungsgerat
(330), das eingerichtet ist, um mit dem Tempe-
raturregler (320) zu kommunizieren, wobei das
zusatzliche Schlafrigkeitsiberwachungsgerat
(330) Daten erfasst, die eine oder mehrere Fahr-
zeugfahrerhandlungen beschreiben.

Fahrzeugbasiertes System nach Anspruch 2, wobei
die eine oder mehrere Fahrzeugfahrerhandlungen
eine Kopfbewegung, eine Zwinkerrate, eine
Zwinkerdauer, eine Blickkonstanz oder eine Steue-
rungsvorrichtungsbewegung umfasst.

Fahrzeugbasiertes System nach Anspruch 2, wobei
der Temperaturregler (320) ermittelt, ob die erfass-
ten Daten, die eine oder mehrere Fahrzeugfahrer-
handlungen beschreiben, Schléafrigkeit anzeigen
und der Temperaturregler (320) die Oberflache der
Steuerungsvorrichtung (410) in Reaktion auf die er-
fassten Daten, die eine Fahrzeugfahrerhandlung be-
schreiben, die Schlafrigkeit anzeigt, kihlt.

Fahrzeugbasiertes System nach Anspruch 1, wobei
das Kiihlen der Oberflache der Steuerungsvorrich-
tung (410) das Kihlen eines thermisch leitfahigen
Materials umfasst, das in Kontakt mit einer Handfla-
che des Fahrzeugfahrers (400) ist.

Fahrzeugbasiertes System nach Anspruch 1, wei-
terhin aufweisend:

eine Speichervorrichtung (340), die eingerichtet
ist, um mit dem Temperaturregler (320) zu kom-
munizieren, wobei die Speichervorrichtung
(340) die Temperaturdaten speichert, die mitder
Schlafrigkeit assoziiert werden.

Fahrzeugbasiertes System nach Anspruch 1, wei-
terhin aufweisend:

eine Zeitsteuerungsvorrichtung (350), die ein-
gerichtet ist, um mit dem Temperaturregler
(320) zu kommunizieren, wobei die Zeitsteue-
rungsvorrichtung (350) Daten erfasst, die eine
Fahrzeugbenutzungszeit beschreiben.

Fahrzeugbasiertes System nach Anspruch 7, wobei
der Temperaturregler (320) die Daten, die die Fahr-
zeugbenutzungszeit beschreiben, mit einem Benut-
zungszeitgrenzwert vergleicht und der Temperatur-
regler (320) die Oberflache der Steuerungsvorrich-
tung (410) in Reaktion auf die Daten, die die Fahr-
zeugbenutzungszeit beschreiben, wenn diese
gleich sind oder den Benutzungszeitgrenzwert tiber-
schreiten, kihlt.

Fahrzeugbasiertes System nach Anspruch 3, wobei
der Temperaturregler (320) die Daten, die die Steu-
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10

10.

1.

12.

13.

14.

erungsvorrichtungsbewegung beschreiben, mit ge-
speicherten Navigationsdaten vergleicht und der
Temperaturregler (320) als Reaktion auf die Daten,
die die Steuerungsvorrichtungsbewegung beschrei-
ben, wenn diese von den gespeicherten Navigati-
onsdaten um einen vorbestimmten Schwellwert ab-
weichen, die Oberflache der Steuerungsvorrichtung
(410) kahlt.

Fahrzeugbasiertes System nach Anspruch 5, wobei
der Temperaturregler (320) die Oberflache des
Lenkrads (410) auf eine Temperatur unter einer
durchschnittlichen Kerntemperatur des Fahrzeug-
fahrers kihlt.

Computerimplementiertes Verfahren zum Reduzie-
ren einer Kerntemperatur eines Fahrzeugfahrers,
aufweisend:

Erfassen (610) der Kerntemperatur des Fahr-
zeugfahrers mit einem Temperatursensor
(310);

Erfassen (620), ob die Kerntemperatur des
Fahrzeugfahrers gleich einer Temperaturist, die
mit Schlafrigkeit assoziiert wird; und

in Reaktion auf das Ermitteln der Kerntempera-
tur des Fahrzeugfahrers, die gleich einer Tem-
peratur ist, die mit Schlafrigkeit assoziiert wird,
Kihlen (630) einer Oberflache einer Steue-
rungsvorrichtung des Fahrzeugs, die in Kontakt
mit dem Fahrzeugfahrer ist.

Computerimplementiertes Verfahren nach An-
spruch 11, wobei das Kiihlen (610) der Oberflache
der Steuerungsvorrichtung aufweist:

Reduzieren einer Oberflachentemperatur eines
thermisch leitfahigen Materials, das in Kontakt
mit einer Handflache des Fahrzeugfahrers ist.

Computerimplementiertes Verfahren nach An-
spruch 12, weiterhin aufweisend:

Reduzieren eines Drucks eines Bereichs, der
benachbart zu dem thermisch leitfahigen Mate-
rial ist, auf einen Wert, der kleiner ist als der
Umgebungsluftdruck.

Computerimplementiertes Verfahren nach An-
spruch 11, wobei das Ermitteln (620), ob die Kern-
temperatur des Fahrzeugfahrers mit Schlafrigkeit
assoziiert wird, aufweist:

Erhalten von Daten, die eine oder mehrere Fah-
rerhandlungen beschreiben;

Ermitteln, ob die eine oder mehrere Fahrerhand-
lungen mit Schlafrigkeit assoziiert werden; und
Kihlen der Oberflache der Steuerungsvorrich-
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tung des Fahrzeugs in Reaktion auf das Ermit-
teln, dass eine oder mehrere Fahrerhandlungen
mit Schlafrigkeit assoziiert werden.

Computerimplementiertes Verfahren nach An-
spruch 14, wobei die eine oder mehrere Fahrerhand-
lungen eine Kopfbewegung, eine Zwinkerrate, eine
Zwinkerdauer, eine Blickkonstanz oder eine Steuer-
vorrichtungsbewegung umfassen.

Computerimplementiertes Verfahren nach An-
spruch 11, weiterhin aufweisend:

Ermitteln einer gekihlten Kerntemperatur des
Fahrzeugfahrers;

Vergleichen der geklhlten Kerntemperatur des
Fahrzeugfahrers mit einer 24-Stunden-Rhyth-
mus-Temperatur, die mit Wachheit assoziiert
wird; und

als Reaktion auf die gekiihlte Kerntemperatur
des Fahrzeugfahrers nicht Erh6hen der Tempe-
ratur, die mit Wachheit assoziiert wird, Anhalten
des Reduzierens der Kerntemperatur des Fahr-
zeugfahrers.

Computerimplementiertes Verfahren nach An-
spruch 11, wobei die Oberflaiche des Lenkrads auf
eine Temperatur unterhalb einer durchschnittlichen
Fahrzeugfahrerkerntemperatur gekdihlt wird.

Revendications

1.

2,

Systeme basé dans un véhicule pour réduire une
température interne d’un conducteur de véhicule
comprenant :

un capteur de température (310) capturant des
données décrivant la température interne du
conducteur de véhicule (400) ;

un régulateur de température (320) congu pour
communiquer avec le capteur de température
(310), le régulateur de température (320) déter-
minant si les données décrivant la température
interne du conducteur de véhicule sont similai-
res a des données de température mémorisées
associées a une somnolence, et le régulateur
de température (320) refroidissant une surface
d’'un dispositif de direction (410) du véhicule qui
est en contact avec le conducteur de véhicule
(400) en réponse au fait que les données décri-
vant la température interne du conducteur de
véhicule sont similaires aux données de tempé-
rature mémorisées associées a une somnolen-
ce.

Systeme basé dans un véhicule selon la revendica-
tion 1, comprenant en outre :
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1"

un dispositif de surveillance de somnolence se-
condaire (330) congu pour communiquer avec
le régulateur de température (320), le dispositif
de surveillance de somnolence secondaire
(330) capturant des données décrivant une ou
plusieurs actions du conducteur de véhicule.

Systéme basé dans un véhicule selon la revendica-
tion 2, dans lequel lesdites une ou plusieurs actions
du conducteur de véhicule comprennent un mouve-
ment de téte, une fréquence de clignotement des
yeux, une durée de clignotement des yeux, une sta-
bilité du regard ou un déplacement du dispositif de
direction.

Systéme basé dans un véhicule selon la revendica-
tion2, danslequelle régulateur de température (320)
détermine si les données capturées décrivant une
ou plusieurs actions du conducteur de véhicule in-
diquent une somnolence, et le régulateur de tempé-
rature (320) refroidit la surface du dispositif de direc-
tion (410) en réponse au fait que les données cap-
turées décrivant une action du conducteur de véhi-
cule indiquent une somnolence.

Systéme basé dans un véhicule selon la revendica-
tion 1, dans lequel le refroidissement de la surface
du dispositif de direction (410) comprend le refroi-
dissement d’'un matériau thermoconducteur en con-
tact avec une paume du conducteur de véhicule
(400).

Systéme basé dans un véhicule selon la revendica-
tion 1, comprenant en outre :

un dispositif de mémorisation (340) congu pour
communiqueravec le régulateur de température
(320), le dispositif de mémorisation (340) mé-
morisant les données de température associées
a une somnolence.

Systéme basé dans un véhicule selon la revendica-
tion 1, comprenant en outre :

un dispositif de synchronisation (350) congu
pour communiquer avec le régulateur de tem-
pérature (320), le dispositif de synchronisation
(350) capturant des données décrivant un
temps de fonctionnement du véhicule.

Systéme basé dans un véhicule selon la revendica-
tion7, dans lequel le régulateur de température (320)
compare les données décrivant le temps de fonc-
tionnement du véhicule a un temps de fonctionne-
ment de seuil, et le régulateur de température (320)
refroidit la surface du dispositif de direction (410) en
réponse au fait que les données décrivant le temps
de fonctionnement du véhicule sont égales ou su-
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périeures au temps de fonctionnement de seuil.

Systeme basé dans un véhicule selon la revendica-
tion 3, danslequelle régulateur de température (320)
compare les données décrivant le déplacement du
dispositif de direction a des données de navigation
mémorisées et, en réponse au fait que les données
décrivant le déplacement du dispositif de direction
different des données de navigation mémorisées
d'un seuil spécifié, le régulateur de température
(320) refroidit la surface du dispositif de direction
(410).

Systeme basé dans un véhicule selon la revendica-
tion 5, danslequelle régulateur de température (320)
refroidit la surface du volant (410) a une température
au-dessous d’'une température interne moyenne du
conducteur de véhicule.

Procédé mis en oeuvre par un ordinateur pour ré-
duire une température interne d’un conducteur de
véhicule comprenant :

la détermination (610) de la température interne
du conducteur de véhicule, avec un capteur de
température (310) ;

la détermination (620) si la température interne
du conducteur de véhicule est similaire a une
température associée a une somnolence ; et
en réponse a la détermination que la tempéra-
ture interne du conducteur de véhicule est simi-
laire a une température associée a une somno-
lence, le refroidissement (630) d’'une surface
d’un dispositif de direction du véhicule qui est
en contact avec le conducteur de véhicule.

Procédé mis en oeuvre par un ordinateur selon la
revendication 11, dans lequel le refroidissement
(610) de la surface du dispositif de direction
comprend :

la réduction d’'une température de surface d’un
matériau thermoconducteur en contact avec
une paume du conducteur de véhicule.

Procédé mis en oeuvre par un ordinateur selon la
revendication 12, comprenant en outre :

la réduction d’une pression d’une zone adjacen-
te au matériau thermoconducteur a une valeur
inférieure a une pression d’air ambiante.

Procédé mis en oeuvre par un ordinateur selon la
revendication 11, dans lequel la détermination (620)
si la température interne du conducteur de véhicule
est associée a une somnolence comprend :

la réception de données décrivant une ou plu-
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sieurs actions du conducteur ;

la détermination si lesdites une ou plusieurs ac-
tions du conducteur sont associées a une
somnolence ; et

le refroidissement de la surface du dispositif de
direction du véhicule en réponse a la détermi-
nation que lesdites une ou plusieurs actions du
conducteur sont associées a une somnolence.

Procédé mis en oeuvre par un ordinateur selon la
revendication 14, dans lequel lesdites une ou plu-
sieurs actions du conducteur comprennent un mou-
vement de téte, une fréquence de clignotement des
yeux, une durée de clignotement des yeux, une sta-
bilité du regard ou un déplacement du dispositif de
direction.

Procédé mis en oeuvre par un ordinateur selon la
revendication 11, comprenant en outre :

la détermination d’une température interne re-
froidie du conducteur de véhicule ;

la comparaison de la température interne refroi-
die du conducteur de véhicule a une tempéra-
ture de rythme circadien associée a une
vigilance ; et

en réponse au fait que la température interne
du conducteur de véhicule refroidi ne dépasse
pas la température associée a une vigilance,
I'arrét de la réduction de la température interne
du conducteur de véhicule.

Procédé mis en oeuvre par un ordinateur selon la
revendication 11, dans lequel la surface du volant
est refroidie a une température inférieure a une tem-
pérature interne moyen du conducteur de véhicule.
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