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OCCUPANT THERMAL STATE DETECTION
AND COMFORT ADJUSTMENT SYSTEM
AND METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to U.S. Provisional
Application No. 62/316,938, which was filed on Apr. 1,2016
and is incorporated herein by reference.

BACKGROUND

[0002] This disclosure relates to system of detecting occu-
pant thermal state and comfort and a method of adjusting
same.

[0003] A typical automotive thermal comfort systems
relies upon an occupant input for controlling such thermal
conditioning system components as the central HVAC and
climate controlled seats. In automatic HVAC systems the
occupant sets a desired cabin temperature. In climate con-
trolled seat systems, the occupant initially sets a desired
level of heating or cooling (e.g. low, medium, high settings)
to achieve thermal comfort, and then manually adjusts the
setting to maintain comfort or avoid discomfort that may be
caused by overheating or overcooling.

[0004] An imaging system including an infrared (IR)
sensor can be used to detect the presence of a human within
a surrounding image. IR sensors are used for a variety of
applications, including motion detection systems for lighting
and security as well as deployment of airbags in automo-
biles.

[0005] Conventional thermal comfort systems can be
improved by detecting the occupant’s thermal state and
making adjustments without occupant input that move the
occupant towards a more comfortable state and avoid over-
shooting to an uncomfortable state that requires the occupant
to intervene with an input adjustment. There has been some
effort to use IR sensors within a vehicle cabin to thermally
image an occupant’s face and then control a vehicle thermal
conditioning system based upon detected thermal image.
There has not been much development of this technology,
howevet, to ensure that the detected occupant thermal state
can be closely correlated with the occupant’s actual thermal
comfort.

SUMMARY

[0006] In one exemplary embodiment, a method for con-
trolling a thermal state of a vehicle occupant, includes
obtaining an infrared (IR) image of a face of the occupant
using a passive infrared sensor (PIR) sensor. The IR image
comprising a spatial array of facial temperatures and
receives the image in a controller. A first segment of the
array is determined based on a first facial temperature
associated with the first segment using the controller. The
first segment corresponds to a nose of the occupant. A
second segment of the array is determined at least partially
surrounding the first segment based on a plurality of second
facial temperatures associated with the second segment
using the controller. The second segment corresponds to a
region of the face surrounding the nose. A difference is
determined based on the first facial temperature and at least
one of the second facial temperatures using the controller.
The thermal state of the occupant is determined based on the
difference.

Mar. 21, 2019

[0007] In a further embodiment of the above, the first
segment has a polygonal shape with at least N sides and the
second segment surrounds the first segment on at least N-1
sides. N is an integer greater than or equal to three.

[0008] 1In a further embodiment of any of the above, the
second segment is in a shape of an inverted U.

[0009] 1In a further embodiment of any of the above, the
second segment includes a portion of the forehead and a
portion of each check.

[0010] In a further embodiment of any of the above, the
first segment includes at least a portion of a tip of the nose.
[0011] Ina further embodiment of any of the above, the tip
is provided by at least five pixels.

[0012] Ina further embodiment of any of the above, the tip
is provided by at least twelve pixels.

[0013] In a further embodiment of any of the above, the
method includes obtaining a plurality of first facial tempera-
tures within the first segment corresponding to the nose at
successive T times in a period using the PR sensor. T is an
integer greater than or equal to 2. A plurality of second facial
temperatures corresponding to the region of the face sur-
rounding the nose at the T times using the PIR sensor is
obtained. A plurality of differences at the T times using the
controller is determined. A trend in the differences is deter-
mined. A thermal comfort of the occupant based on the trend
in the differences is also determined.

[0014] In a further embodiment of any of the above, a
temperature comparison value from memory is received. It
is determined when the occupant is experiencing discomfort
when the trend is increasing and the latest difference is
greater than the temperature comparison value using the
controller.

[0015] In a further embodiment of any of the above, the
temperature comparison value corresponds to at least one of
occupant thermal sensation and occupant thermal comfort.
[0016] In a further embodiment of any of the above, at
least one of occupant thermal sensation and occupant ther-
mal comfort is based respectively on the Berkeley Sensation
and Comfort Scale.

[0017] In a farther embodiment of any of the above, a
temperature comparison value from memory of the control-
ler is retrieved. The temperature comparison value is asso-
ciated with one of a vasoconstricted state and a vasodilated
state. The difference and the temperature comparison value
is compared the using the controller.

[0018] In a fuarther embodiment of any of the above, a
thermal conditioning device in the vehicle that heats or cools
an occupant of the vehicle at a variable heat rate is provided.
The variable heat rate based on the thermal state of the
occupant is adjusted.

[0019] In a further embodiment of any of the above, the
method includes the step of commanding the thermal con-
ditioning device based upon the difference. The adjusting
step is performed in response to the commanding step.
[0020] In a further embodiment of any of the above, the
first segment is spaced from the second segment.

[0021] In a further embodiment of any of the above, the
nose is discrete from the second segment.

[0022] In another exemplary embodiment, a thermal con-
ditioning system includes a thermal conditioning device. An
infrared sensor is configured to detect an occupant thermal
facial image. A controller is in communication with the
thermal conditioning device and the infrared sensor. The
controller s configured to isolate a nose thermal state from
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the occupant thermal facial image and infer a current occu-
pant thermal condition based upon the nose thermal state.
The controller is configured to command the thermal con-
ditioning device based upon the current occupant thermal
condition relative to a temperature comparison value to
achieve a desired occupant thermal condition.

[0023] In a further embodiment of any of the above, the
thermal conditioning device is at least one of an HVAC
thermal conditioning system, a steering wheel, a seat, a door
panel, an armrest, a window defogger, a dash panel and a
roof panel.

[0024] Ina further embodiment of any of the above, a nose
is isolated with reference to a portion of the forehead and a
portion of each check.

[0025] In a further embodiment of any of the above, the
nose thermal state is associated with a tip of the nose.

[0026] In a further embodiment of any of the above, the
current occupant thermal condition corresponds to at least
one of an occupant thermal sensation and an occupant
thermal comfort.

[0027] In a further embodiment of any of the above, at
least one of occupant thermal sensation and occupant ther-
mal comfort is based respectively on the Berkeley Sensation
and Comfort Scale.

[0028] In a further embodiment of any of the above, the
desired occupant thermal condition corresponds to a tem-
perature comparison value for the nose thermal state. The
controller is configured to command the thermal condition-
ing device to urge the nose thermal state to the temperature
comparison value.

[0029] In another exemplary embodiment, a method of
controlling a thermal state of a vehicle occupant includes
detecting an occupant thermal facial image and isolating a
nose thermal state from the occupant thermal facial image.
A current occupant thermal condition is inferred based upon
the nose thermal state. A thermal conditioning device is
commanded based upon the current occupant thermal con-
dition relative to achieve a desired occupant thermal condi-
tion.

[0030] In a further embodiment of any of the above, the
detecting step includes scanning a vehicle cabin with an
infrared sensor to acquire a spatial array of facial tempera-
tures from the occupant thermal facial image.

[0031] In a further embodiment of any of the above, the
isolating step includes detecting a first segment correspond-
ing to a nose of an occupant. A second segment discrete from
the first segment and at least partially surrounding the nose
is detected.

[0032] In a further embodiment of any of the above, the
inferring step includes comparing the nose thermal state to
a temperature comparison value indicative of the desired
occupant thermal condition.

[0033] In a further embodiment of any of the above, the
temperature comparison value is a stored data set specific to
an occupant.

[0034] In a further embodiment of any of the above, the
inferring step is performed at intervals over a period of time.
[0035] In a further embodiment of any of the above, the
thermal conditioning device is at least one of an HVAC
thermal conditioning system, a steering wheel, a seat, a door
panel, an armrest, a window defogger, a dash panel and a
roof panel.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0036] The disclosure can be further understood by refer-
ence to the following detailed description when considered
in connection with the accompanying drawings wherein:
[0037] FIG. 1 schematically depicts an occupant in a
vehicle seat and a thermal conditioning system that includes
an infrared sensor used to determine occupant thermal
condition.

[0038] FIG. 2 is a schematic view of a controller of the
microclimate system and example inputs provided to the
controller for the system of FIG. 1.

[0039] FIG. 3 is a schematic view of the controller in
commuuication with macroclimate devices and microcli-
mate devices for the system of FIG. 1.

[0040] FIG. 4A is a schematic view of blood flow through
an occupant’s body with its arteriovenous anastomoses
(AVAs) vasoconstricted at the extremities.

[0041] FIG. 4B is a schematic view of blood flow through
the occupant’s body with the AVAs vasodilated.

[0042] FIG. 5 is a schematic view of a blood circulatory
system at an extremity of the occupant’s body.

[0043] FIG. 6A-6C are thermal images for an example
occupant face within a vehicle at time=0 minutes, time=4
minutes and time=8 minutes.

[0044] FIG. 7 depicts a thermal image of an occupant face
illustrating recognition of a nose relative to a segment
surrounding the nose.

[0045] FIGS. 8A-8B illustrate a first segment of a spatial
array of facial temperatures corresponding to a tip of a nose.
[0046] FIG. 9 is a flow chart illustrating an example
method of controlling occupant thermal condition.

[0047] The embodiments, examples and alternatives of the
preceding paragraphs, the claims, or the following descrip-
tion and drawings, including any of their various aspects or
respective individual features, may be taken independently
or in any combination. Features described in connection
with one embodiment are applicable to all embodiments,
unless such features are incompatible.

DETAILED DESCRIPTION

[0048] It is difficult to objectively quantify a person’s
thermal state, e.g., sensations and comfort, (collectively
referred to as “occupant thermal condition”) such that a
thermal conditioning system can be automatically controlled
to achieve a desired thermal sensation and comfort for that
person. As one example, an occupant thermal condition or
state can be a condition of sensing a hot or cold temperature,
or changes in temperature. As another example, an occupant
thermal condition or state can be a condition of feeling
comfortable or uncomfortable, a level of comfort, or a
change in a level of comfort. One widely recognized
approach that attempts to objectively quantify a person’s
thermal condition is referred to as the Berkeley Sensation
and Comfort Scale (“Berkeley scale™), described in, for
example, Arens E. A., Zhang H. & Huizenga C. (2006)
Partial- and whole-body thermal sensation and comfort, Part
I: Uniform environmental conditions. Journal of Thermal
Biology, 31, 53-59. It should be understood that other
approaches can be used to quantify an occupant’s thermal
condition.

[0049] Using the Berkeley scale, thermal sensation is
quantified from +4 to -4 by a person. A more positive
number corresponds to an increasing degree of perceived
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heat, and a more negative number corresponds to an increas-
ing degree of perceived cold. High positive or negative
numbers are indicative of painfully hot or painfully cold
conditions respectively. A zero indicates the person is neutral
as to any thermal sensation. Thermal comfort on the Berke-
ley scale is quantified from +4 to -4 by a person, where a +4
indicates a person is “very comfortable,” and a -4 indicates
a person is “very uncomfortable.”

[0050] Such a scale can be used to provide stored refer-
ence values, along with cabin temperature and vehicle
exterior temperature, for example, by the system to both
identify the current occupant thermal condition and control
the system to achieve a desired occupant thermal condition.
For example, the system may identify an occupant with a
thermal sensation of +2 and a thermal comfort of -3, which
indicates the occupant feels hot and very uncomfortable. The
system will then control one or more thermal conditioning
devices to achieve, for example, a thermal sensation of 0 and
a thermal comfort of +1 in as short of a time as possible
without overshooting the desired thermal sensation. The
cabin temperature and vehicle outside temperature may be
used to determine how to best achieve the desired occupant
thermal condition.

[0051] An example vehicle thermal conditioning system is
shown in FIGS. 2-3. One example vehicle thermal condi-
tioning system is disclosed in International Application No.
PCT/US2015/058328, entitled “VEHICLE MICROCLI-
MATE SYSTEM WITH TARGETED VASODILATION OF
EXTREMITIES FOR IMPROVED OVERALL THERMAL
COMFORT AND METHOD OF CONTROLLING SAME,”
filed on Oct. 30, 2015, which is incorporated by reference in
its entirety.

[0052] Each occupant typically has a unique occupant
personal comfort. That is, a particular occupant detects a
level of thermal energy differently than another occupant. As
a result, the exact same thermal environment within a
vehicle may be perceived as comfortable by one occupant,
but as uncomfortable by another occupant. To this end, this
disclosure relates to providing an integrated approach to
human thermal management by controlling and coordinating
both macroclimate devices (e.g., central HVAC system) and
microclimate devices (e.g., climate controlled seats (e.g.,
U.S. Pat. Nos. 5.524,439 and 6,857,697), head rest/neck
conditioner (e.g., U.S. Provisional App. No. 62/039,125),
climate controlled headliner (e.g., U.S. Provisional App. No.
61/900,334), steering wheel (e.g., U.S. Pat. No. 6,727,467
and U.S. Pub. No. 2014/0090513), heated gear shifter (e.g.,
U.S. Pub. No. 2013/0061603, etc.) to achieve a personalized
microclimate system. The microclimate system provides
desired occupant personal comfort in a more automated
manner with little or no input from the occupant. It should
be understood that microclimate devices alone (i.e. without
amacroclimate device) can provide both a macroclimate and
a personalized microclimate within the macroclimate. The
referenced patents, publications and applications are incor-
porated herein by reference in their entirety.

[0053] The present disclosure provides a system that
determines a thermal state of the occupant by measuring
facial temperatures and distinguishing nose temperatures or
condition from temperatures of the surrounding cheeks and
forehead. Then, by comparing the nose temperatures and the
surrounding temperatures, the system can detect the thermal
state of the occupant. More particularly, the system can
detect the occupant’s thermoregulatory state, which can
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range from a vasoconstricted state to a vasodilated state. The
disclosed system can also determine a trend in the thermal
state to determine whether the occupant is moving from an
uncomfortable state to a comfortable state and vice-versa.
[0054] The disclosed system uses a passive infrared (PR)
sensor to obtain an infrared (IR) image of a face of the
occupant. A controller determines segments of the thermal
image corresponding to the nose of the occupant and sur-
rounding cheeks and forehead. The system determines a
difference in the nose temperatures and the surrounding
cheeks and/or forehead, and determines the thermal state of
the occupant based on the difference. The system monitors
a trend in the thermal state, and adjusts a rate of heating or
cooling of the occupant based on the occupant’s thermal
state and trend in the state.

[0055] In one example, the vehicle 10 includes an HVAC
thermal conditioning system 18 and an auxiliary thermal
conditioning system 20 (with microclimate devices), which
are in communication with a controller 22, as shown in FIG.
1. Various inputs, for example, a PIR sensor 79, 24 may
communicate with the controller 22 to affect and control
operation of the HVAC thermal conditioning system 18
and/or the auxiliary thermal conditioning system 20 to
regulate an interior space 12 for an occupant 16.

[0056] Inoneexample microclimate system, the controller
22 receives various inputs via sensors and/or devices within
the microclimate system, for example, from a vehicle exte-
rior environment 26 shown in FIG. 2. The vehicle exterior
environment 26 may include parameters such as vehicle
location, vehicle direction and altitude, time of day and date,
and weather related parameters (outdoor temperature, out-
door humidity, and solar load on the vehicle).

[0057] A macroclimate environment 28 also communi-
cates parameters to the controller 22. The macroclimate
environment parameters may include interior temperature
and/or humidity at one or more locations, and current HVAC
system settings.

[0058] A microclimate environment 30 communicates
parameters to the controller 22. The microclimate environ-
ment parameters may include temperature and/or humidity
at one or more microclimate devices, auxiliary conditioning
system settings, and occupant comfort feedback. Occupant
comfort feedback may be provided when the occupant
provides an input to control one of the microclimate devices,
such as by changing the position of a switch.

[0059] Occupant information 32 is provided to the con-
troller 22 for customizing and accounting for thermorecep-
tive differences between various occupants. It has been
shown, for example, that women and men, generally speak-
ing, react to heat and cold differently, with women reacting
more severely and more quickly to cold and men reacting
more quickly to heat. Additional factors are, for example, the
occupant’s body composition, amount of hair, and clothing
as well as personal preferences. Additionally, the occupant
information 32 can provide information for determining a
thermal mass, heat capacity, and internal energy production
rate. Occupant information 32 includes such information as
gender, height, weight, and other occupant-provided data to
provide a user profile. Then, for example, an initial default
data set, or microclimate profile, could be defined during the
customer vehicle purchase process, prior to any data being
collected. Then based on the default microclimate profile the
system can begin the process of intuitively collecting data
and then adjusting to individual’s needs/wants based on the
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actual inputs by and use from the user over time. This initial
microclimate profile could be based on any number of
factors, including quantitative factors such as initial pur-
chase location, driver characteristics (sex, height, weight,
etc.), as well as qualitative factors, such as a survey where
the respondent answers questions about their normal state of
thermal comfort/stress. This information, which may create
a custonm Berkeley-type reference scale for a given occupant,
can be stored on a key fob or mobile device that is com-
municated to the controller 22. The user profile and learned
microclimate profile can “move” with the occupant via the
vehicle data link, the cloud, wireless transmission and/or
smartphone, for example.

[0060] Sensed occupant information may also be provided
(see, e.g., sensor 79 in FIG. 3), for example, by detecting
occupant temperature, as explained in more detail below in
connection with FIGS. 6A-9. These sensed occupant per-
sonal comfort inputs are provided to the controller 22 for
determining a perceived occupant personal comfort. The
inputs can include one or more measured physiological
parameters such as skin or other body temperatures such as
a body core temperature.

[0061] Multiple parameters from the vehicle exterior envi-
ronment 26, the macroclimate environment 28, the micro-
climate environment 30, and the occupant information 32
may be stored in memory, such as one or more look-up
tables 34. The memory may store information relating to one
or more user profiles 31 and microclimate profiles 33 for
various use scenarios corresponding to a particular user. The
controller 22 may learn from adjustments to the microcli-
mate system made by the occupant and update the micro-
climate profile 33 in the look-up tables 34 so that the
occupant personal comfort may be anticipated and the
microclimate system adjusted automatically. Interpolation
of look-up table values or another suitable method can be
used to determine settings between pre-existing set-points.
In one example, the controller may store a measured differ-
ence between a temperature of the occupant’s nose and a
temperature of the occupant’s face surrounding the nose at
the time of or just preceding the time when the occupant
adjusted the thermal conditioning provided by the microcli-
mate system.

[0062] Referring in FIG. 3, an example HVAC thermal
conditioning system 18 is in communication with the con-
troller 22. The HVAC thermal conditioning system 18
includes a heat exchanger 36 in fluid communication with a
heating loop connected to an engine 42. The engine 42 may
include an internal combustion engine, an electric motor
system, and/or a fuel cell. The engine 42 provides a heat
source for the HVAC thermal conditioning system 18. An
evaporator 40 is arranged in a cooling loop, which may
include refrigerant and conventional air conditioning com-
ponents typically found in a vehicle. It should be understood
that a conventional HYAC system can instead be provided
by one or more electrically operated microcompressors, if
desired. A ventilation system 38, which provides fresh air to
the HVAC system, may also be provided. The HVAC
thermal conditioning system 18 typically includes ducting
44 providing multiple vents 46a, 465, 46¢. In one example,
the vent 465 is directed to a foot well near the occupant’s
feet, and the vent 46c¢ is provided in a headliner and directed
to the occupant’s face. One or more valves 48 selectively
control airflow from the HVAC system to the vents 46.
These HVAC system components provide the macroclimate
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environment, although the vents may be controlled in a
selective manner to provide the microclimate environment.
[0063] The auxiliary thermal conditioning system 20
includes multiple microclimate devices, such as a window
defroster/defogger 50, a heated floor mat 51, a roof panel 52,
one or more panels 58 in an instrument panel 54, a door
panel 60, a door arm rest 62, a center console armrest 63, a
seat 64 having thermal element 66 and a neck conditioning
device 67 having a neck vent 68 (or other neck conditioning
device), and/or a steering wheel 70. These microclimate
devices are intended to increase occupant comfort beyond
what an HVAC system is capable by providing heating
and/or cooling in close proximity to an occupant and thereby
a more personalized microclimate environment within the
surrounding interior environment. Heating and cooling can
be provided by, for example, one or more heating elements,
fans, thermoelectric devices, heat pumps, and/or microcom-
pressors.

[0064] The inputs 24 are used to adjust the macroclimate
environment and the microclimate environment through the
controller 22 to achieve a desired occupant personal com-
fort. Inputs 24 include sensor signals and other inputs
indicative of various parameters of the vehicle exterior
environment 26, the macroclimate environment 28, and the
microclimate environment 30. Inputs 24 further include one
or more switches 72, a key fob 74 containing occupant
information, a mobile device 76 containing occupant infor-
mation and/or a display 78. The display 78 may visually
display outputs or operating modes of the HVAC thermal
conditioning system 18 and/or the auxiliary thermal condi-
tioning system 20. The display 74 may also provide a means
of input via a touchscreen, for example. The sensor 79, for
example, a passive infrared sensor (PIR), may provide
real-time, sensed occupant information, such as temperature
via a detected infrared (IR) image, moisture, humidity or
other information.

[0065] Temperatures are not uniform throughout the body.
Local tissue temperatures are determined primarily by meta-
bolic activity, blood flow, and blood temperature. The body
can be compartmentalized based on metabolic activity. For
example, referring to FIG. 4A, when the occupant 100 is
exposed to a cold environment, the body’s thermal manage-
ment system closes (vasoconstricts) its arteriovenous anas-
tomoses (AVAs) 102 at the extremities (e.g., hands and feet)
to maintain the core body temperature. Since the tempera-
ture of an occupant’s hands and feet significantly impacts
the sense of overall thermal comfort, a cold environment
exacerbates the occupant’s feeling of thermal discomfort
because the occupant’s extremities are receiving a reduced
blood flow 104 from the core body due to the constricted
AVAs.

[0066] Hands, feet and parts of the face can have such a
significant impact on perceived thermal comfort due the type
of skin present. The presence or absence of hair follicles
defines two types of skin: hairy (or non-glabrous), or non-
hairy (glabrous). Nutrient blood flow to these two skin types
is similar, but blood flow for heat dissipation is confined
only to the glabrous skin regions. Underlying glabrous skin
areas—the palms of hands, soles of the feet, and parts of the
face and ears—are natural heat exchange portals with unique
vascular network structures beneath the surface of the skin.
[0067] These specialized circulatory networks 106 of gla-
brous skin are shown schematically in FIG. 5. Blood circu-
lates out from the heart through arteries 110 to arterioles 112.
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Papillary capillaries 114 within the glabrous regions are
located above the AVAs 104, which interconnect the artery
110 to the vein 118. The capillaries 114 enable heat exchange
due to their low mass and high surface area. The AVAs 104
are gated by smooth muscle 108. When the AVAs are closed
(FIG. 5A), capillaries limit blood flow as they connect the
arterioles 112 and venules 116, the small dimension vessels
in the microcirculatory system which act as the connectors
between arteries 110 and veins 118 respectively to capillar-
ies 114, for carrying nutrients to and removing waste from
the surrounding tissues. However, when the AVAs are open
(FIG. 4B), a lower path of resistance is created directly
between the arteries and veins allowing a significantly
higher blood flow rate within this region, enabling increased
blood flow 124 in the extremities 122 of the occupant 120.
[0068] When the pathway is opened, the AVAs enable a
significant increase in blood flow beneath the skin in gla-
brous regions, as shown in FIG. 4B. Dilation and contraction
of the AVAs are controlled by the body’s thermoregulatory
system. When the body perceives conditions which would
cause its temperature to rise above normal, the AVAs dilate
to increase blood flow near the skin surface, thereby increas-
ing heat loss to the environment. When the body perceives
conditions leading to a decrease in core temperature, the
AVAs constrict, decreasing blood flow, allowing the body to
conserve more of its metabolic heat. A vasoconstricted
individual has cooler palms than a vasodilated individual,
but other areas of their bodies have similar temperatures.
Additional access points for glabrous thermal transfer can be
seen on the face of a vasoconstricted individual where the
temperature of the nose is measuring a cooler temperature
than surrounding areas, yet a comparable temperature to this
individual’s hand.

[0069] The AVAs are direct shunts between arteries and
veins that bypass capillaries, and provide a low-resistance
pathway for the movement of blood through the glabrous
skin regions. The receiving venous structures (retia venosa)
are arranged in a plexus or large network of vessels that has
a large surface-to-volume ratio and can contain a large
volume of blood. Thus, the venous plexus acts as a radiator.
Vasodilation defines the condition in which the AVAs are
open and blood is flowing freely through the venous plex-
uses; vasoconstriction defines the condition in which the
AVAs are closed and blood is not flowing through the venous
plexuses.

[0070] The human body employs a thermal management
system in which AVAs are constricted to maintain the body’s
heat within its core. When a warm stimulus is applied to the
back of the neck (or specifically the cervical spine), the
body’s core thermal management system interprets this
thermal input as the body having excessive heat that it needs
to dissipate via its natural heat exchangers—the hands, feet,
and parts of the face—and will switch out of heat conser-
vation mode thereby opening the AVAs. When the AVAs are
open, there is a very high blood flow, and therefore heat
transport, into the low resistance venous radiators; when the
AVAs are closed, a greatly reduced blood flow goes through
the high-resistance capillaries of the skin. In the normother-
mic individual, a person whose thermoregulation is within
the normal range, proportional control of the AVAs balances
internal heat production and heat loss.

[0071] In particular, in a cold environment, the human
body employs a thermal management system in which AVAs
are constricted to maintain the body’s heat within its core.
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When a warm stimulus is applied to the back of the neck (or
specifically the cervical spine), the body’s core thermal
management system thinks it has excessive heat that it needs
to dissipate via its natural heat exchangers—the hands, feet,
and parts of the face (nose or forehead)—and will switch out
of heat conservation mode. The controller 22 determines that
the occupant perceives thermal discomfort (too hot or too
cold) as a function of temperature, conditioned surface area
and exposure time, for example using the infrared sensor 79.
The perceived thermal discomfort can be used to infer the
state of the AVAs (vasoconstricted or vasodilated).

[0072] The thermal conditioning system can be accurately
controlled by “reading” the thermal condition (e.g., sensa-
tion and comfort) of the occupant, with reference to the state
of the AVAs if desired, without the occupant providing
control inputs to the system.

[0073] The infrared sensor 79 is configured to detect an
occupant thermal facial image 150, shown in FIGS. 6A-6C,
which indicates the thermal facial image at different inter-
vals (e.g., 0 minutes, 4 minutes and 8 minutes) during a
period of time. An IR image of a face of the occupant is
obtained using the sensor 79, where the IR image comprises
a spatial array of facial temperatures. The temperature scale
in the Figures is provided in Celsius and is indicative of the
detected surface temperature.

[0074] The controller 22 is in communication with the
thermal conditioning device and the infrared sensor 79 to
receive the thermal image of facial temperatures. The con-
troller 22 is configured to isolate a nose thermal state from
the occupant thermal facial image and infer a current occu-
pant thermal condition based upon the nose thermal state. In
one example, a first segment 152 of the array is determined
based on a first facial temperature associated with the first
segment using the controller. The first segment 152 corre-
sponding to a nose 154 of the occupant (FIG. 7), which is
greatly impacted by the surrounding temperature and expo-
sure time. In one example, the first segment has a polygonal
shape with at least N sides, provided by one or more pixels
from the spatial array. The first segment 152 includes at least
a portion of a tip 156 of the nose 154. In one example, the
tip 156 is provided by at least five pixels 166 (FIG. 8A), and
in another example, the tip 156' is provided by at least
twelve pixels 166.

[0075] A second segment 158 of the array is determined
and at least partially surrounding the first segment 152 based
on a plurality of second facial temperatures associated with
the second segment 158 using the controller. As can be
appreciated from FIGS. 6A-7, the temperature of the nose
can be significantly different than the surrounding facial
region. In one example, the second segment 158 surrounds
the first segment on at least N-1 sides, where N is an integer
greater than or equal to three. In the example, the first
segment 152 is spaced from the second segment 158 so as
to avoid a situation where the nose temperature could be an
average of an adjoin temperature that might be quite differ-
ent than the nose. In this manner, the nose temperature is
maintained as discrete from the second segment 158. The
second segment 158 is in a shape of an inverted U, for
example, and includes a portion of the forehead 160 and a
portion of each check 162. This approach leads to accurate
isolation of the nose, although other approaches may be
used.

[0076] In various embodiments, an area of interest 167
corresponding to the occupant’s head can be determined
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from a field of view corresponding to the entire IR image by
comparing temperatures of successive pixels along image
segments 168, 169 and discerning abrupt changes in tem-
perature 171, 173 along the segments 168. 169. The first
segment 152 can be determined from the area of interest or
head area, by processing image segments at or near the
center of the area of interest where the nose is likely to be
located. The area of interest can be distinguished from a
background area by comparing the temperatures along the
image segments 168, 169 to the cabin and exterior tempera-
tures, and a normal temperature of the occupant.

[0077] Returning to FIGS. 6A-6C, a plurality of first facial
temperatures within the first segment 152 is obtained that
corresponds to the nose at successive T times in a period
using the sensor 79, where T is an integer greater than or
equal to 2. A plurality of second facial temperatures corre-
sponding to the region of the face surrounding the nose is
also obtained at the T times using the sensor 79. A plurality
of differences at the T times is determined using the con-
troller 22 to determine a trend in the differences. A thermal
comfort of the occupant based on the trend in the differences
is determined, which reveals, for example, how rapidly the
occupant is becoming cold or warm. The size of the differ-
ence 1s also indicative of the occupant’s thermal condition.
[0078] A temperature comparison value from memory is
received by the controller 22 that provides reference data of
what a comfortable or uncomfortable occupant might look
like. It can then be determined if the occupant is experienc-
ing discomfort when the trend is increasing and the latest
difference is greater than the temperature comparison value
using the controller 22. The temperature comparison value
corresponds to at least one of occupant thermal sensation
and occupant thermal comfort based upon, for example, the
Berkeley Sensation and Comfort Scale. The temperature
comparison value may be associated with one of a vasocon-
stricted state and a vasodilated state, which can be used to
more effectively control the thermal conditioning system.
The difference and the temperature comparison value are
compared, the thermal state of the occupant is determined,
and the thermal conditioning device is commanded based
upon the difference to achieve a desired occupant thermal
condition.

[0079] Feedback also may be provided by the occupant by
providing additional inputs via switches or other input
devices, which indicates that the occupant is not yet com-
fortable, or by actively sensing the comfort of the occupant.
[0080] The controller 22 learns from the settings typically
used by the occupant for a given set of conditions. The
controller 22 also learns from adjustments to the settings
during periods of automatic control when the microclimate
system is operating according to an occupant’s microclimate
profile 33 associated with their user profile 31. For example,
the seat neck warmer could be triggered in order to vaso-
dilate blood flow to the hands while coordinating the con-
ditioning of the steering wheel to achieve maximum thermal
comfort perception on the part of the driver, as explained
above. When the vehicle learns what a particular occupant
likes, based on their not adjusting the thermal management
system during operation, those same conditions can be
replicated the next time that they occur.

[0081] The HVAC system is largely used to change the
equilibrium point of the cabin environment, while the aux-
iliary thermal comfort system 20 manages the perception of
comfort by the occupant. This may enable a reduction in
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HVAC system size since the thermal comfort of the occupant
can be more directly manipulated by more targeted, local-
ized devices. Furthermore, the effort of the two systems can
be coordinated to limit the need for the occupant to intervene
to change the control settings during operation.

[0082] The microclimate system and its controller can be
designed using one or more methodologies. For example, an
“open loop” methodology may be used wherein a particular
model is implemented in a computing platform, which may
or may not be in the vehicle. This model is then utilized to
determine how occupant thermal comfort should be manipu-
lated. The model may be populated using data from off-line
testing and validation, and then the appropriate control
effects would be created based on sensor input (e.g., humid-
ity, external temperature, etc.).

[0083] A “closed loop” methodology may be used wherein
a system (e.g., with an infrared camera being a part of the
safety system as well as a humidity sensor) ascertains the
condition of an occupant, such as a driver, and adjusts
thermal conditions based on this information. For example,
image processing techniques could determine that the driver
is wearing a hat or that the driver is overheated due to
exercise based on infrared (IR) imaging.

[0084] A “learning” methodology may be used where the
closed loop or open loop methodology is modified over time
based on the choices made by a particular occupant or set of
occupants to adjust the microclimate profile 33. For
example, a vehicle may record the outside temperature,
inside temperature, and humidity on the look-up tables 34,
and remember the thermal control settings chosen by the
driver in these conditions, which could then be replicated (or
interpolated) then next time that similar conditions are
encountered. The longer that the driver uses the vehicle, the
more information that is available, and the more “custom-
ized” the microclimate profile for the microclimate system
will be to that particular individual. Furthermore, an excel-
lent metric for the suitability of any set of parameters given
a particular set of conditions would likely be how long the
system is left in a particular state, that is, without an
occupant adjusting any thermal settings. Occupant personal
comfort inputs may also be evaluated (32 in FIG. 2), for
example, by using an infrared camera (e.g., sensor 79 in
FIG. 3) to detect a body temperature or other condition of the
occupant.

[0085] In operation, a method 170 of controlling a thermal
state of a vehicle occupant, shown in FIG. 9, includes a step
of detecting an occupant thermal facial image (block 172).
In one example, the detecting step includes scanning a
vehicle cabin with an infrared sensor 79 (shown in FIG. 1)
to acquire a spatial array of facial temperatures from the
occupant thermal facial image 152.

[0086] A nose thermal state is isolated from the occupant
thermal facial image (block 174). In one example, the
isolating step includes detecting a first segment correspond-
ing to a nose of an occupant, and detecting a second segment
discrete from the first segment and at least partially sur-
rounding the nose. In one example, a nose is isolated with
reference to a portion of the forehead and a portion of each
check, which together provide the second segment, to pro-
vide the nose thermal state.

[0087] A current occupant thermal condition is inferred
based upon the nose thermal state (block 176), relative to the
surrounding facial temperature and by reference to, for
example, a Berkeley-type reference scale, which can rela-
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tively accurately predict occupant thermal conditions if the
nose is isolated from the rest of the occupant’s face. The
inferring step includes comparing the nose thermal state to
a temperature comparison value indicative of the desired
occupant thermal condition. This temperature comparison
value may be a table of stored data set(s) specific to the
occupant that relies upon cabin temperature, exterior vehicle
temperature and occupant facial temperature, for example.
In one example, the temperature comparison value may
reflect a relationship that for a given occupant thermal state,
the difference in temperature between the nose and sur-
rounding area of the face increases as the cabin temperature
and/or exterior vehicle temperature decreases. Generic ref-
erence data may be sufficient for accurately predicting
thermal sensation from occupant-to-occupant, but more
occupant-specific reference data may be need to accurately
predict a given occupant’s thermal comfort. Again, this
occupant-specific reference data set can be “learned” over
time as a given occupant interacts with the thermal condi-
tioning system. The inferring step is performed at intervals
over a period of time to determine trends, for example,
useful when regulating the type and intensity of heating and
cooling provided by the thermal conditioning devices.

[0088] The thermal conditioning device(s) are com-
manded based upon the current occupant thermal condition
relative to achieve a desired occupant thermal condition
(block 178). Consideration of the state of the AVA’s may be
used when controlling the thermal conditioning system, and
the thermal conditioning device(s) may heat or cool at a
variable rate based upon the thermal state of the occupant.
During warm up or cool down, conventional HVAC systems
operate to provide maximum heating or cooling to bring an
occupant to a comfortable level in the shortest amount of
time. The microclimate system according to the present
disclosure, which takes into account the occupant’s thermal
condition, may operate the system at a reduced level of
heating or cooling to bring the occupant to the desired
thermal condition. In one example where an occupant who
enters a cold vehicle in a warm state (i.e., slightly warm to
uncomfortably warm), the microclimate system may operate
the thermal conditioning devices at a reduced level to allow
the cabin environment to cool the occupant for a period
before bringing the cabin environment up to the desired
temperature for steady state operation.

[0089] It should be noted that a controller 22 can be used
to implement the various functionality disclosed in this
application. The controller 22 may include one or more
discrete units. Moreover, a portion of the controller 22 may
be provided in the vehicle 10, while another portion of the
controller 22 may be located elsewhere. In terms of hard-
ware architecture, such a computing device can include a
processor, memory, and one or more input and/or output
(I/O) device interface(s) that are communicatively coupled
via a local interface. The local interface can include, for
example but not limited to, one or more buses and/or other
wired or wireless connections. The local interface may have
additional elements, which are omitted for simplicity, such
as controllers, buffers (caches), drivers, repeaters, and
receivers to enable communications. Further, the local inter-
face may include address, control, and/or data connections
to enable appropriate communications among the aforemen-
tioned components.

[0090] The controller 22 may be a hardware device for
executing software, particularly software stored in memory.
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The controller 22 can be a custom made or commercially
available processor, a central processing unit (CPU), an
auxiliary processor among several processors associated
with the controller, a semiconductor-based microprocessor
(in the form of a microchip or chip set) or generally any
device for executing software instructions.

[0091] The memory can include any one or combination
of volatile memory elements (e.g., random access memory
(RAM, such as DRAM, SRAM, SDRAM, VRAM, etc.))
and/or nonvolatile memory elements (e.g., ROM, hard drive,
tape, CD-ROM, etc.). Moreover, the memory may incorpo-
rate electronic, magnetic, optical, and/or other types of
storage media. The memory can also have a distributed
architecture, where various components are situated
remotely from one another, but can be accessed by the
processor.

[0092] The software in the memory may include one or
more separate programs, each of which includes an ordered
listing of executable instructions for implementing logical
functions. A system component embodied as software may
also be construed as a source program, executable program
(object code), script. or any other entity comprising a set of
instructions to be performed. When constructed as a source
program, the program is translated via a compiler, assem-
bler, interpreter, or the like, which may or may not be
included within the memory.

[0093] The disclosed input and output devices that may be
coupled to system I/O interface(s) may include input
devices, for example but not limited to, a keyboard, mouse,
scanner, microphone, camera, mobile device, proximity
device, etc. Further, the output devices, for example but not
limited to, a printer, display, macroclimate device, micro-
climate device, etc. Finally, the input and output devices
may further include devices that communicate both as inputs
and outputs, for instance but not limited to, a modulator/
demodulator (modem; for accessing another device, system,
or network), a radio frequency (RF) or other transceiver, a
telephonic interface, a bridge, a router, etc.

[0094] When the controller 22 is in operation, the proces-
sor can be configured to execute software stored within the
memory, to communicate data to and from the memory, and
to generally control operations of the computing device
pursuant to the software. Software in memory, in whole or
in part, is read by the processor, perhaps buffered within the
processor, and then executed.

[0095] It should also be understood that although a par-
ticular component arrangement is disclosed in the illustrated
embodiment, other arrangements will benefit herefrom.
Although particular step sequences are shown, described,
and claimed, it should be understood that steps may be
performed in any order, separated or combined unless oth-
erwise indicated and will still benefit from the present
invention.

[0096] Although the different examples have specific
components shown in the illustrations, embodiments of this
invention are not limited to those particular combinations. It
is possible to use some of the components or features from
one of the examples in combination with features or com-
ponents from another one of the examples.

[0097] Although an example embodiment has been dis-
closed, a worker of ordinary skill in this art would recognize
that certain modifications would come within the scope of
the claims. For that reason, the following claims should be
studied to determine their true scope and content.
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What is claimed is:

1. A method for controlling a thermal state of a vehicle
occupant, comprising:

obtaining an infrared (IR) image of a face of the occupant

using a passive infrared sensor (PIR) sensor, the IR
image comprising a spatial array of facial temperatures;
receiving the image in a controller;
determining a first segment of the array based on a first
facial temperature associated with the first segment
using the controller, the first segment corresponding to
a nose of the occupant;

determining a second segment of the array at least par-
tially surrounding the first segment based on a plurality
of second facial temperatures associated with the sec-
ond segment using the controller, the second segment
corresponding to a region of the face surrounding the
nose;

determining a difference based on the first facial tempera-

ture and at least one of the second facial temperatures
using the controller; and

determining the thermal state of the occupant based on the

difference.
2. The method of claim 1, wherein the first segment has
a polygonal shape with at least N sides and the second
segment surrounds the first segment on at least N-1 sides,
where N is an integer greater than or equal to three.
3. The method of claim 2, wherein the second segment is
in a shape of an inverted U.
4. The method of claim 3, wherein the second segment
includes a portion of the forehead and a portion of each
check.
5. The method of claim 1, wherein the first segment
includes at least a portion of a tip of the nose.
6. The method of claim 5, wherein the tip is provided by
at least five pixels.
7. The method of claim 6, wherein the tip is provided by
at least twelve pixels.
8. The method of claim 1, further comprising:
obtaining a plurality of first facial temperatures within the
first segment corresponding to the nose at successive T
times in a period using the PR sensor, where T is an
integer greater than or equal to 2;

obtaining a plurality of second facial temperatures corre-
sponding to the region of the face surrounding the nose
at the T times using the PIR sensor;

determining a plurality of differences at the T times using

the controller;

determining a trend in the differences;

determining a thermal comfort of the occupant based on

the trend in the differences.

9. The method of claim 8, further comprising:

receiving a temperature comparison value from memory;

and

determining the occupant is experiencing discomfort

when the trend is increasing and the latest difference is
greater than the temperature comparison value using
the controller.

10. The method of claim 9, wherein the temperature
comparison value corresponds to at least one of occupant
thermal sensation and occupant thermal comfort.

11. The method of claim 10, wherein the at least one of
occupant thermal sensation and occupant thermal comfort is
based respectively on the Berkeley Sensation and Comfort
Scale.
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12. The method of claim 1, further comprising:

retrieving a temperature comparison value from memory
of the controller, the temperature comparison value
associated with one of a vasoconstricted state and a
vasodilated state; and

comparing the difference and the temperature comparison
value using the controller.

13. The method of claim 1, further comprising:

providing a thermal conditioning device in the vehicle
that heats or cools an occupant of the vehicle at a
variable heat rate; and

adjusting the variable heat rate based on the thermal state
of the occupant.

14. The method of claim 13, further comprising:

commanding the thermal conditioning device based upon
the difference;

wherein the adjusting step is performed in response to the
commanding step.

15. The method of claim 1, wherein the first segment is
spaced from the second segment.

16. The method of claim 1, wherein the nose is discrete
from the second segment.

17. A thermal conditioning system comprising:
a thermal conditioning device;

an infrared sensor configured to detect an occupant ther-
mal facial image;

a controller in communication with the thermal condi-
tioning device and the infrared sensor, the controller
configured to isolate a nose thermal state from the
occupant thermal facial image and infer a current
occupant thermal condition based upon the nose ther-
mal state, the controller configured to command the
thermal conditioning device based upon the current
occupant thermal condition relative to a temperature
comparison value to achieve a desired occupant ther-
mal condition.

18. The thermal conditioning system according to claim
17, wherein the thermal conditioning device is at least one
of an HVAC thermal conditioning system, a steering wheel,
a seat, a door panel, an armrest, a window defogger, a dash
panel and a roof panel.

19. The thermal conditioning system according to claim
17, wherein a nose is isolated with reference to a portion of
the forehead and a portion of each check.

20. The thermal conditioning system according to claim
19, wherein the nose thermal state is associated with a tip of
the nose.

21. The thermal conditioning system according to claim
17, wherein the current occupant thermal condition corre-
sponds to at least one of an occupant thermal sensation and
an occupant thermal comfort.

22. The thermal conditioning system according to claim
21, wherein the at least one of occupant thermal sensation
and occupant thermal comfort is based respectively on the
Berkeley Sensation and Comfort Scale.

23. The thermal conditioning system according to claim
17, wherein the desired occupant thermal condition corre-
sponds to a temperature comparison value for the nose
thermal state, and the controller is configured to command
the thermal conditioning device to urge the nose thermal
state to the temperature comparison value.
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24. A method of controlling a thermal state of a vehicle
occupant, comprising:
detecting an occupant thermal facial image:
isolating a nose thermal state from the occupant thermal
facial image;
inferring a current occupant thermal condition based upon
the nose thermal state; and

commanding a thermal conditioning device based upon
the current occupant thermal condition relative to
achieve a desired occupant thermal condition.

25. The method according to claim 24, wherein the
detecting step includes scanning a vehicle cabin with an
infrared sensor to acquire a spatial array of facial tempera-
tures from the occupant thermal facial image.

26. The method according to claim 24, wherein the
isolating step includes detecting a first segment correspond-
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ing to a nose of an occupant, detecting a second segment
discrete from the first segment and at least partially sur-
rounding the nose.

27. The method according to claim 24, wherein the
inferring step includes comparing the nose thermal state to
a temperature comparison value indicative of the desired
occupant thermal condition.

28. The method according to claim 27, wherein the
temperature comparison value is a stored data set specific to
an occupant.

29. The method according to claim 24, wherein the
inferring step is performed at intervals over a period of time.

30. The method according to claim 24, wherein the
thermal conditioning device is at least one of an HVAC
thermal conditioning system, a steering wheel, a seat, a door
panel, an armrest, a window defogger, a dash panel and a
roof panel.
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