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SEAT SURFACE TEMPERATURE CONTROL

SUMMARY

[0001] This disclosure is generally directed to estimate the
temperature of a component or portion of the vehicle, and
control the temperature of the component or portion of the
vehicle. For example, this technology can estimate the
temperature of the surface of a seat in the cabin of the
vehicle, and control the temperature of the surface of the seat
in the cabin. Temperature controllers can use a temperature
sensor at a heating pad of the seat. However, the heating pad
temperature can be significantly different than the actual seat
surface temperature. This inaccuracy can lead to inefficient
temperature control performance, poor driver thermal com-
fort, and wasted energy or battery utilization.

[0002] Systems and methods of this technical solution can
use a model to estimate surface-averaged seat temperature as
a function of vehicle signals capturing real dynamics as the
seat is occupied or unoccupied at ambient temperatures and
solar conditions. The model can use a temperature sensor at
heating pads and other vehicle sensors (cabin and evaporator
temperature, blower duty cycle feedback, cabin heater
power). The model can be validated against measured sur-
face-averaged seat temperature in distinct ambient condi-
tions both in chamber and driving tests. Thus, a temperature
controller using the model can maintain thermal comfort
faster and more efficiently than directly using the tempera-
ture sensor at heating pads, thereby improving the perfor-
mance of the temperature controller while reducing energy
or battery consumption.

[0003] At least one aspect is directed to a system. The
system can include one or more processors, coupled with
memory. The one or more processors can receive, from a
first sensor in a vehicle, temperature information. The one or
more processors can identify a parameter of an airflow
device, such as a blower or a fan, that provides airflow for
a seat of the vehicle. The one or more processors can
determine, via a model based on the temperature informa-
tion and the parameter of the device, a temperature of a
surface of the seat. The one or more processors can control
a temperature of the airflow provided via the airflow device
for the seat based on the temperature of the surface of the
seat.

[0004] At least one aspect is directed to a method. The
method can include receiving, by one or more processors
coupled with memory, from a first sensor in a vehicle,
temperature information. The method can include identify-
ing, by the one or more processors, a parameter of an airflow
device that provides airflow for a seat of the vehicle. The
method can include determining, by the one or more pro-
cessors via a model, a temperature of a surface of the seat
based on the temperature information and the parameter of
the airflow device. The method can include controlling, by
the one or more processors, a temperature of the airflow
provided via the airflow device for the seat based on the
temperature of the surface of the seat.

[0005] Atleast one aspect is directed to an electric vehicle.
The vehicle can include one or more processors, coupled
with memory, to receive, from a first sensor in a vehicle,
temperature information. The one or more processors of the
vehicle can identify a parameter of a blower that provides
airflow for a seat of the vehicle. The one or more processors
of the vehicle can determine, via a model based on the
temperature information and the parameter of the blower, a
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temperature of a surface of the seat. The one or more
processors of the vehicle can control a temperature of the
airflow provided via the blower for the seat based on the
temperature of the surface of the seat.

[0006] These and other aspects and implementations are
discussed in detail below. The foregoing information and the
following detailed description include illustrative examples
of various aspects and implementations, and provide an
overview or framework for understanding the nature and
character of the claimed aspects and implementations. The
drawings provide illustration and a further understanding of
the various aspects and implementations, and are incorpo-
rated in and constitute a part of this specification. The
foregoing information and the following detailed description
and drawings include illustrative examples and should not
be considered as limiting.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The accompanying drawings are not intended to be
drawn to scale. Like reference numbers and designations in
the various drawings indicate like elements. For purposes of
clarity, not every component may be labeled in every
drawing. In the drawings:

[0008] FIG. 1 depicts an example system to control the
temperature of a surface of a seat in a vehicle.

[0009] FIG. 2 depicts an example method of controlling
the temperature of a surface of a seat in a vehicle.

[0010] FIG. 3 depicts an example method of controlling
the temperature of a surface of a seat in a vehicle.

[0011] FIG. 4 depicts a cross sectional view of a vehicle.
[0012] FIG. 5 is a block diagram illustrating an architec-
ture for a computer system that can be employed to imple-
ment elements of the systems and methods described and
illustrated herein, including, for example, the system
depicted in FIG. 1 and the methods depicted in FIGS. 2-3.

DETAILED DESCRIPTION

[0013] Following below are more detailed descriptions of
various concepts related to, and implementations of, meth-
ods, apparatuses, and systems to control the temperature of
the surface of a seat in a vehicle. The various concepts
introduced above and discussed in greater detail below may
be implemented in any of numerous ways.

[0014] This disclosure is directed to systems and methods
of determining the temperature of a surface of a seat and
controlling the temperature of the seat responsive to the
determination. A vehicle can include one or more sensors for
measuring the environment of the vehicle and can include
one or more controllers of the vehicle. For example, tem-
perature controllers can use a temperature sensor at a heating
pad of the seat. However, the heating pad temperature can be
significantly different than the actual seat surface tempera-
ture. This inaccuracy can lead to inefficient temperature
control performance, poor driver thermal comfort, and
wasted energy or battery utilization.

[0015] Systems and methods of this technical solution can
use a model to estimate surface-averaged seat temperature as
a function of vehicle signals capturing real dynamics as the
seat is occupied or unoccupied at ambient temperatures and
solar conditions. The model can use a temperature sensor at
heating pads and other vehicle sensors (cabin and evaporator
temperature, blower duty cycle feedback, cabin heater
power). The model can be validated against measured sur-
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face-averaged seat temperature in distinct ambient condi-
tions both in chamber and driving tests. Thus, a temperature
controller using the model can maintain thermal comfort
faster and more efficiently than directly using the tempera-
ture sensor at heating pads, thereby improving the perfor-
mance of the temperature controller while reducing energy
or battery consumption.

[0016] FIG. 1 depicts an example system 100 to control
the temperature of the surface of a seat of a vehicle. The
system 100 can include a data processing system 102, a
sensor 118, an airflow device 120, or a heating and cooling
element 122. The data processing system 102 can include a
data collector 104, a state detector 106, a temperature
estimator 108, a controller 110, or a data repository 112. The
data collector 104, state detector 106, temperature estimator
108, or controller 110 can each communicate with the data
repository 112.

[0017] The data repository 112 can be any memory, stor-
age, or cache for storing information or data structures of the
system 100. Data repository 112 can contain any informa-
tion about the system 100 and can allow that data to be
accessed by any components of the system 100, such as by
communication methods described herein. Data repository
112 can contain at least models 114 and setpoints 116. The
information or data structures (e.g., tables, lists, or spread-
sheets) contained within data repository 112 can be dynamic
and can change periodically (e.g., daily or every millisec-
ond), via an input from a user, via information from a sensor
118, via inputs from subcomponents of the data processing
system 102 (e.g., data collector 104 or state detector 106), or
via an external update to the system, for example. Informa-
tion in data repository 112 can be stored in any kind of
memory, such as a cloud or hard drive. Data repository 112
can include, for example, random access memory (RAM),
dynamic random access memory (DRAM), static random
access memory (SRAM), error-correcting code (ECC), read
only memory (ROM), programmable read only memory
(PROM), or electrically erasable read only memory (EE-
PROM). Data repository 112 can be accessed at any time
and by any component of system 100. For example, data
repository 112 can be accessed by the system 100 at least
periodically, in response to a change in seat detection by
state detector 106, in response to temperature estimator 108
determining an estimated temperature which exceeds or is
under a setpoint 116, or in response to new information
collected by the data collector 104.

[0018] The model 114 can refer to or include a model that
can facilitate estimating the temperature of a component or
portion of a cabin of the vehicle. The model 114 can include
a physics-based model or other type of model with one or
more parameters, variables, or coeflicients. The setpoint 116
can be a threshold, limit, quantity, target or amount of heat,
cooling, or airflow from the airflow device 120 or the
heating and cooling element 122. The setpoint 116 can be
stored in data repository 112. The setpoint 116 can be
determined by a user input, an external computing device, or
by a schedule of setpoints. In some embodiments, the
setpoint 116 can indicate a desired temperature of a com-
ponent of the vehicle such as a seat 455 of the vehicle, the
ambient air of the vehicle, a cabin of the vehicle, or the
steering wheel of the vehicle. Setpoints 116 can be reset, for
example, by a second user request, a system request, or
periodically.
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[0019] The data collector 104, state detector 106, tempera-
ture estimator 108, or heating controller 110 can each
include at least one processing unit or other logic device
such as programmable logic array engine, or module con-
figured to communicate with the data repository 112 or
database. The data collector 104, state detector 106, tem-
perature estimator 108, or heating controller 110 can be
separate components, a single component, or part of the data
processing system 102. The system 100 and its components,
such as a data processing system 102, can include hardware
elements, such as one or more processors, logic devices, or
circuits.

[0020] The data processing system 102 can interface with,
communicate with, or otherwise receive or provide infor-
mation with one or more of the sensor 118, airflow device
120, or heating and cooling element 122. The data process-
ing system 102 can include at least one logic device such as
a computing device having a processor to communicate via
a network. The data processing system 102 can include at
least one computation resource, server, processor or
memory. For example, the data processing system 102 can
include a plurality of computation resources or processors.
[0021] The sensor 118 can include one or more sensors.
The sensor 118 can include any type of sensor designed,
constructed or operational to facilitate estimating and con-
trolling the temperature. The sensors 118 can be dispersed
internal or external to the vehicle. The sensors 118 can to
transmit information regarding the vehicle’s environment to
the data collector 104. The sensors 118 can include tem-
perature sensors, such as negative temperature coeflicient
(NTC) thermistors, positive temperature coefficient (PTC)
thermistors, temperature transducers, thermocouples, or
resistance temperature detectors (RTD). One or more of the
sensors can be a temperature sensor as described and can be
located at a heating pad of the seat 455, within the cabin of
the vehicle to measure an ambient cabin temperature, or at
an evaporator of the vehicle. In some cases, a sensor 118 can
be located as to measure the surface of the seat 455 tem-
perature, a cabin temperature, an evaporator of the vehicle,
or a temperature of airflow output by a heater (e.g., heating
and cooling element 122) or an airflow device 120 of the
vehicle.

[0022] The sensors 118 can include one or more sensors to
measure solar radiation at one or more locations within the
vehicle. A sensor to measure solar radiation can include a
light sensor, ambient light sensor, or a photovoltaic pyra-
nometers. Sensors 118 can further include sensors to mea-
sure air speed or direction (e.g., anemometers, air speed
loggers (ASL)), moisture content (e.g., tensiometric sensors,
humidity sensors), or pressure, such as applied to a seat 455
by an occupant, (e.g., piezoresistive pressure sensors, bour-
don tubes, or strain gauges).

[0023] The airflow device 120 can refer to or include a
blower. The airflow device 120 can refer to or include a fan.
The airflow device 120 can be any type of electromechanical
fan for directing air. The airflow device 120 can be, for
example, a centrifugal blower, a regenerative blower, a
positive displacement blower, or another type of blower
known to those in the art. The airflow device 120 can be
coupled to a heating and cooling element 122, or can be
standalone. The airflow device 120 can be located in a seat
455 of the vehicle and can provide airflow for the seat 455.
The airflow device 120 can facilitate directional movement
of heated or cooled air within the vehicle. For example, the
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airflow device 120 can provide airflow to move heated air
from the heating and cooling element 122 to a surface of a
seat 455. One or more blowers 120 can be located through-
out the cabin of the vehicle. The airflow device 120 can
include blades to move air. The airflow device 120 can
include a motor with a variable speed or duty cycle. In some
embodiments, the one or more blowers 120 can output a
variable volume, temperature, or speed of air. In some
embodiments, the one or more blowers 120 can be config-
ured to direct air to different locations or subcomponents of
the cabin.

[0024] The heating and cooling element 122 can be any
electrical, mechanical, chemical, or combination thereof
means for affecting the temperature of a component of the
vehicle. The heating and cooling element 122 can include
just a heating element, just a cooling element, or a combi-
nation thereof. The heating and cooling element 122 can
include the airflow device 120, an electric heat pad, a heat
pump, air conditioner, compressor, coolant or coolant-filled
tubes, an evaporator, or other mechanisms by which to heat
or cool. The heating and cooling elements of the heating and
cooling element 122 can be located separately or separately
controlled by controller 110. The heating and cooling ele-
ment 122 can change the temperature of a component of the
vehicle by directly heating or cooling the component, or by
heating or cooling the airflow through the one or more
blowers 120. For example, the heating and cooling element
122 can heat a seat 455 of the vehicle by applying direct heat
(e.g., through a heat pad) or by heating the airflow through
the airflow device 120 directed towards the seat.

[0025] The data processing system 102 can store, transmit,
receive, or display information that can facilitate estimating
or controlling the temperature of the surface of the seat of
the vehicle. The data processing system 102 can communi-
cate with internal subcomponents (described herein) or
external components of the vehicle (e.g., sensor 118, airflow
device 120, heating and cooling element 122). The data
processing system 102 can, for example, store data about the
system in data repository 112. The data processing system
102 can, for example, transmit information received by
sensor 118 to the data collector 104. Transmittal by the data
processing system can occur by a hardwired connection
(e.g., copper wire or fiber optics) or via a wireless connec-
tion (e.g., Wifi, Bluetooth, controller area network (CAN),
local area network (LAN)). The data processing system 102
can include a network of subcomponents (e.g., data collector
104, state detector 106, temperature estimator 108, control-
ler 110, or data repository 112) which communicate with
each other as described herein. The data processing system
can be coupled with a memory, such as data repository 112.
The data processing system can be physically located within
the vehicle or can be accessed by an external computing
device.

[0026] In an illustrative example, the data processing
system 102 can execute on one or more processors of a
vehicle, such as vehicle 405 depicted in FIG. 4. The data
collector 104 can receive information from one or more
sensors 118 that indicate temperature or environmental
conditions of or associated with the vehicle. The data
collector 104 can receive information regarding a parameter
of the airflow device 120, such as a speed of the airflow
device 120. The state detector 106 can determine whether
the seat of the vehicle is occupied by a driver or passenger.
The temperature estimator 108 can process the information
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received by the data collector 104 and the state information
determined by the state detector 106 to estimate, determine
or otherwise identify a temperature of the surface of the seat
of the vehicle. The controller 110 can generate and send a
command to control the heating and cooling element 122
based on the estimated temperature of the surface of the seat.
For example, the controller 110 can generate a command to
cool the seat if the estimated temperature is greater than the
desired temperature for the surface of the seat, or generate
a command to heat the seat if the estimated temperature is
less than the desired temperature for the surface of the seat.

[0027] The data processing system 102 can include a data
collector 104 designed, constructed and operational to
receive, identify, obtain, or otherwise access data that facili-
tates estimating a temperature or controlling a temperature.
The data collector 104 can be any combination of hardware
and software for collecting, storing, processing, identifying
or receiving information or data of the vehicle. Information
or data of the vehicle can include a temperature of the
vehicle, light within the vehicle (e.g., solar radiation), mois-
ture content of the air of the vehicle, or airflow directions of
the vehicle. For example, the data collector 104 can accept
inputs from one or more sensors 118. The sensors 118,
described herein, can indicate a temperature of a component
of the vehicle, such as a heating or cooling element 122,
airflow, a surface of a seat 455, or a heating pad of a seat 455,
to the data collector 104.

[0028] The data collector 104 can identify a parameter of
an airflow device 120 of the vehicle. A parameter of the
airflow device 120 can be, for example, a speed of the
airflow device 120, such as rotational speed of blades of the
airflow device 120 or speed of the airflow from the airflow
device 120. The parameter can refer to or include a power
consumption of the airflow device 120, or duty cycle of the
airflow device 120. The data processing system 102 can
determine the speed of the airflow or percentage speed or
setting of the airflow device 120 based on the power level or
duty cycle. For example, a duty cycle of 50% can correspond
to a predetermined airflow speed. The data collector 104 can
identify the speed (e.g., rotational of the blades or a motor,
or of the laminar or turbulent airflow) of an airflow device
120 by the duty cycle of the airflow device 120, the power
consumption of the airflow device 120, or a change in air
pressure around the airflow device 120. The data processing
system 102 can determine the approximate speed of the
airflow based on the duty cycle, blower setting, or other data
received by the data collector 104.

[0029] The data collector 104 can identify, from a second
sensor of the one or more sensors 118, an amount of solar
radiation. For example, the data collector 104 can identify or
quantify solar radiation (e.g., the surface power density
received by the sun) imposed upon a seat 455 of the vehicle.
The solar radiation can be in units of kilowatt-hours per
square meter.

[0030] The data collector 104 can receive temperature
information from one or more sensors 118. The data col-
lected by the data collector 104 can be associated with an
identifier of the sensor or an indication of the location of the
sensor. The data can be associated with a time stamp. The
data collector 104 can receive the data as a data stream or
real-time data feed. The data collector 104 can ping or poll
the sensor 118, airflow device 120, or heating and cooling
element 122 for the data. The data collector 104 can access
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and modify the data repository 112 to store or alter the
various information collected.

[0031] The data processing system 102 can include a state
detector 106 designed, constructed and operational to deter-
mine a state of the vehicle. For example, the state can refer
to or include whether there is an occupant in the vehicle. The
state can refer to or include whether there is an occupant of
a seat in the vehicle. For example, the state detector 106 can
determine whether a driver is sitting in the driver seat. The
state detector 106 can determine whether a passenger is
sitting in a passenger seat. The state detector 106 can receive
data from a pressure sensor 118 or weight sensor 118 located
on a seat in order to determine the state of occupancy of the
seat. For example, if the detected pressure or weight is
greater than a threshold, then the state detector 106 can
determine that the seat is occupied. The state detector 106
can receive data from a proximity sensor in order to deter-
mine the state of occupancy of the seat. Thus, the state
detector 106 can receive data or information from data
collector 104 in order to determine a state of occupancy of
one or more seat of the vehicle.

[0032] The state detector 106 can be any combination of
hardware and software configured to detect a state corre-
sponding to the occupation of a seat 455 of the vehicle. The
state detector 106 can, in some embodiments, select a
corresponding model from the one or more models 114,
responsive to a detection of the state of occupancy of the seat
455. The state detector 106 includes one or more sensors 118
configured to detect a change in occupancy of the seat. As
described in conjunction with sensors 118, the sensors 118
may detect a change in pressure of the seat. In some
embodiments, the state detector 106 can, responsive to input
from sensors 118 or from data collector 104, detect whether
a seat 455 of the vehicle is occupied or vacant. Responsive
to determining the state (e.g., occupied or vacant) of the seat
455, the state detector 106 can access the one or more
models 114 stored in data repository 112 and can select or
modify one or more corresponding models 114 for the state
of the seat 455. For example, the state detector 106 can
receive an input from a pressure sensor 118 and can detect
from that input that the seat is occupied. Responsive to a
detection that the seat is occupied, the state detector 106 can,
in some embodiments, access the models 114 and can select,
based on the occupied state, one or more models 114 which
correspond to an occupied seat state. Likewise, in some
embodiments, the state detector 106 can determine that the
seat 455 is vacant, responsive to an indication from the one
or more sensors 118. Responsive to the determination that a
seat is vacant, the state detector 106 can choose one or more
corresponding models of the models 114 stored in data
repository 112. In some embodiments, responsive to a seat
455 state detection, the state detector 106 can modify a
model 114. For example, the state detector 106 could modify
a model 114 mathematically to indicate an occupied or
vacant seat 455. The state detector 106 can communicate the
one or more selected models (also referred to as the subset
of models) to the temperature estimator 108, the controller
110, or other components of the data processing system 102.
[0033] The data processing system 102 can include a
temperature estimator 108 designed, constructed and opera-
tional to estimate a temperature. The temperature estimator
108 can estimate the temperature of any component or
portion of the vehicle for which a sensor 118 is not capable
or configured to provide a temperature measurement. For
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example, the temperature estimator 108 can estimate the
temperature of a surface of the seat in the cabin. In another
example, the temperature estimator 108 can use the model
configured to estimate the temperature of a bench of the
vehicle, a table of the vehicle, a seat external to the cabin of
the vehicle, or a bed of the vehicle. The temperature esti-
mator 108 can estimate the temperature of the surface of the
seat without getting a measurement of the temperature on
the surface of the seat. The temperature estimator 108 can
estimate the average temperature of the surface of the seat,
as opposed to estimating the temperature at a particular point
or location on the seat. The temperature estimator 108 can
take into account various factors and data collected by the
data collector 104 in order to estimate the average tempera-
ture of the surface of a seat in the vehicle.

[0034] The temperature estimator 108 can be any combi-
nation of hardware and software configured to determine the
temperature of a component of the vehicle. A component of
the vehicle can include at least the ambient air of the vehicle
or its cabin, a surface of a seat 455 of the vehicle, a heating
pad of a seat 455 of the vehicle, the steering wheel of the
vehicle, or the dashboard of the vehicle. Determining the
temperature of the surface of the seat 455 can be responsive
to at least one model 114 or a subset of models 114 described
herein. The temperature estimator 108 can receive inputs
from the data collector 104 and the state detector 106 to
determine which model of the one or more models 114
corresponds to the current temperature information and
speed of the airflow device 120. Based at least upon the
temperature information and speed (e.g., airflow speed,
rotational speed) of the airflow device 120, the temperature
estimator 108 can estimate a temperature of the seat 455 by
selection of a model 114 which corresponds to the current
temperature information and speed. Current temperature
information (as described herein) and speed can be provided
by at least the data collector 104, the data repository 112, or
the state detector 106. In some embodiments, the actual
temperature of a vehicle component can differ from a
measured temperature. For example, the temperature esti-
mator 108 can analyze a measured temperature (from the
data collector 104) of the surface of the seat 455 and the
speed of the airflow from the airflow device 120 and make
a determination of an estimation of the actual temperature of
the surface of the seat 455.

[0035] Temperature information, as described herein, can
include at least a temperature of the ambient air, a tempera-
ture of the cabin, a temperature of a seat 455, a temperature
of the airflow at an inlet, a temperature of the airflow output
by a heater of the vehicle, temperature of a heating and
cooling element 122, temperature of airflow output by a
heater of the vehicle, temperature of the airflow output by an
airflow device 120 of the vehicle, a temperature of a steering
wheel, a temperature of a component of the vehicle not listed
herein, or a weight average of the temperatures of any
component of the vehicle. For example, receiving tempera-
ture information can refer to receiving a weighted average of
the one or more temperature sensors of a heat pad of a seat,
of receiving temperature information can refer to receiving
a temperature of the ambient air. The data processing system
102 can receive the temperature information from one or
more sensors 118.

[0036] The temperature estimator 108 can take in further
inputs to aid in the determination of estimated temperature.
For example, the temperature estimator 108 can estimate a
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temperature of the vehicle based upon the temperature
information, the speed of the airflow device 120, and the
amount of solar radiation. The amount of solar radiation can
be catalogued by data collector 104 and relayed to the
temperature estimator 108 in order to select a corresponding
model 114 for a given set of conditions (e.g., a specific
temperature of the vehicle and speed of the airflow device
120). In some embodiments, the temperature estimator 108
can determine, via the model 114 based on the temperature
information, the speed of the blower, and the amount of solar
radiation, the temperature of the surface of the seat 455. In
some embodiments, the temperature estimator can deter-
mine, via the model 114, the temperature of the surface of
the seat based at least in part on a weight average of the seat
temperature, the cabin temperature, and the temperature of
airflow output by the heater of the vehicle.

[0037] The models 114 can be one or more data structures
stored in data repository 112 which corresponds to one or
more of temperature information, airflow device 120 speed,
state of occupancy of the seat 455, solar radiation, or
estimated temperature. The models 114 can include a func-
tion for the seat 455 surface temperature estimated based at
least upon empirical data preset in the data structure of the
model 114. The models 114 can be accessed by any of the
components of the data processing system 102. For example,
the temperature estimator 108 can access the models 114 to
compare specific data received from data collector 104 to
make a determination of an estimated temperature of a seat
455 of the vehicle. The models 114 can include in their data
structures estimated temperatures which correspond to the
given set of conditions described herein. The models 114 can
include coefficients which are configured based on a state of
occupancy of the seat. For example, responsive to an indi-
cation of an occupied seat by the state detector 106, the
subset of models may be restricted by a coefficient, or the
models 114 may be mathematically adjusted based on the
state of occupancy of a seat 455. The models 114 can be
edited by an external computing system, such as to add
further models, delete existing models, or add other data
considerations (e.g., beyond specific temperature informa-
tion, airflow device 120 speed, state of occupancy of the seat
455, solar radiation, or estimated temperature) for the mod-
els 114 to operate upon. For example, the temperature
estimator 108 may take in further inputs to determine the
estimated temperature by the models 114.

[0038] The data processing system 102 can use a model
114 that is a physics-based model 114. The physics-based
model can include a function with variable and coefficients.
For example, the physics-based model 114 can include a
weighted average of various parameters. For example, the
model 114 can include or be based on Function 1 as follows:

c
(Cl + CZBLS)Tseat + CaTeap + CsTprc

Tsear,avg = CG + C
Cy + 1B + CyTey + CsTprc

[0039] Function 1: Ilustrative example of physics-based
model to estimate temperature of a surface of a seat of a
vehicle.

[0040] As used in function 1, T,,,,,, can refer to the
average temperature of the surface of the seat; BL can be the
speed of the airflow device 120 (e.g., in percentage of
blower speed); T, can be the temperature of the heating

seat
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pad in the seat as measured by a temperature sensor 118;
T, can be the temperature of the cabin of the vehicle as
measured by a sensor 118 located in the cabin of the vehicle
(e.g., below the steering wheel); T 1~ can be the temperature
of the onboard heater, such as the air temperature coming out
of a vent in the cabin of the vehicle; C, can be a coefficient
for a conduction resistance; C, can be a coefficient for
convection heat transfer; C; can be a coefficient for a flow
pattern based on velocity of the air speed; C, can be a
coefficient for a heat transfer that can be based on the size
of the cabin and where the cabin temperature sensor is
located; C5 can be another coefficient for a heat transfer that
can be based on the size of the cabin and where the cabin
temperature sensor is located; Cq can be a coefficient that
provides an offset or used to calibrate the function.

[0041] The coefficients C1-C6é can be configured, cali-
brated or otherwise tuned for a particular type of vehicle,
type of seat, geographic location of the vehicle, weather
condition, environmental condition, speed of vehicle, solar
radiation detected in the cabin, or state of occupancy of the
seat. In some cases, the data processing system 102 multiple
models 114, where each model 114 can be configured,
calibrated or otherwise tuned for a set of conditions. For
example, a first model 114 can include coefficients C1-Cé
that are calibrated or tuned for when the seat is occupied
(e.g., when the driver is sitting in the seat). A second model
114 can include different values of one or more of coeffi-
cients C1-C6 that are calibrated or tuned for when the seat
is vacant (e.g., the driver is not sitting in the seat or is
otherwise not in the cabin). A third model 114 can include
different values of one or more of coefficients C1-C6 that are
calibrated or tuned for when a window of the car is open, if
the vehicle is in a cold climate, the material of the seat, or
other condition or factor.

[0042] The temperature estimator 108 can input data
received from the data collector 104 into the model 114 (e.g.,
Function 1). The model 114 can be configured with the
coefficients. The model 114 can be preconfigured with the
coefficients, have default coefficient values, or the coeffi-
cients can be tuned or calibrated for the vehicle. The
temperature estimator 108 can output the value of T_seat,
avg determined using the model 114 to the controller 110 for
further processing.

[0043] The data processing system 102 can include a
controller 110 designed, constructed and operational to
manage, control, modify, or otherwise influence the tem-
perature of the surface of the seat. The controller 110 can be
any combination of hardware and software to make a
comparison between the estimated temperature (from the
temperature estimator 108) and the setpoint 116 and to
control a temperature of the airflow of the vehicle responsive
to the comparison. The controller 110 can actuate, initiate, or
control the airflow device 120, the heating and cooling
element 122, or other components of the system 100. In
some embodiments, the controller 110 can change a param-
eter of the airflow device 120 to change a temperature of the
airflow provided via the airflow device 120. The controller
110 can change a temperature of the airflow provided via the
airflow device 120 for the seat 455 based on the temperature
of the surface of the seat 455. For example, responsive to
receiving an estimated temperature from the temperature
estimator 108, the controller 110 can compare the estimated
temperature with the setpoint 116 temperature and can
change a parameter of the airflow device 120 to close any
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gap between the estimated and setpoint 116 temperatures.
For example, if the setpoint 116 temperature of the seat is
cooler than the estimated temperature of the seat 455, the
controller 110 may actuate the airflow device 120 to provide
cooler air to the seat 455. For example, if the setpoint 116
temperature of the seat 455 is warmer than the estimated
temperature of the seat 455, the controller 110 may actuate
the heating and cooling element 122 to heat the seat 455
directly, or to heat airflow directed towards the seat 455. The
controller 110 can control the airflow device 120 and the
heating and cooling element 122 individually or simultane-
ously.

[0044] Thus, by using the model 114 to estimate the
average temperature of the surface of the seat, the data
processing system 102 can more efficiently control the
heating and cooling element 122 to accurately maintain a
desired temperature setpoint 116 for the vehicle. The data
processing system 102, using the model 114, can reduce the
amount of overshoot over the setpoint 116 by 10 to 15
degrees Celsius, for example, thereby reducing energy con-
sumption or battery utilization by not unnecessarily heating
or cooling the seat.

[0045] FIG. 2 depicts an example method 200 of control-
ling the temperature of a surface of a seat of a vehicle. The
method 200 can be performed by one or more systems or
components depicted in FIG. 1, FIG. 4, or FIG. 5, including,
for example, a data processing system. At ACT 205, the
method 200 can include the data processing system receiv-
ing temperature information. The data processing system
can receive temperature information via the data collector
104, state detector 106, temperature estimator 108, heating
and cooling element 122, controller 110, or sensors 118. The
data processing system can receive temperature information
from a first sensor of the sensors 118. The data processing
system can receive temperature information from one or
more sensors 118. The one or more sensors 118 can include
at least one of a heating pad sensor located at a heating pad
of the seat 455, an ambient cabin temperature sensor, or an
evaporator temperature sensor. The one or more sensors can
include a sensor to measure an amount of solar radiation.
The data processing system can identify, from a second
sensor of the sensors 118, an amount of solar radiation.
[0046] The data processing system can receive tempera-
ture information in real-time, via a data stream, periodically
(e.g., every 1 second, 2 seconds, 3 seconds, 5 seconds, 10
seconds, 15 seconds, 20 seconds, 30 seconds, 60 seconds, or
other time interval). The data processing system request
temperature information from one or more component or
sensor of the vehicle, such as via a poll, query, ping, or fetch
operation. The data processing system can request tempera-
ture information or other data responsive to a condition or
event, such as detecting a change in state of occupancy of a
seat of the vehicle, the opening or closing of the door,
opening or closing of a window of the vehicle, or an
instruction from a driver or user of the vehicle.

[0047] At ACT 210, the data processing system can iden-
tify a parameter of an airflow device of the vehicle, such as
a speed of a blower. The one or more blowers 120 can
include one or more parameters. In some embodiments, the
one or more parameters of the airflow device 120 can
include a speed of the blower such as a rotational speed of
the blower as a percentage (e.g., 0%, 25%, 50%, 75%, or
100%), as a level (e.g., high, medium, low, or off), a speed
of airflow of the blower, a volume of airflow, duty cycle, or
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a temperature of airflow. A parameter of a blower can
provide airflow for a seat of the vehicle. The data processing
system can identify a parameter of the blower by analyzing
inputs from sensors 118, such as temperature or airflow
sensors as described herein. The data processing system can
determine the speed of the blower based on a duty cycle of
the blower.

[0048] At ACT 215, the data processing system can deter-
mine a temperature of a surface of a seat. The data process-
ing system can use a model (e.g., models 114) to determine
or estimate a temperature of a surface of the seat 455 based
on the temperature information and a parameter of the
blower. The data processing system can make the determi-
nation based on a comparison of the temperature informa-
tion and the speed of the blower to temperature information
and speeds of blowers contained within the data structure of
the models 114. For example, the identified blower speed
and temperature information can correspond to one or more
models. The corresponding model can indicate, within its
data structure, a corresponding estimated seat temperature.
The data processing system can determine, via the model
114, the temperature of the surface of the seat using addi-
tional parameters or variables, such as the temperature
information, the speed of the blower, and the amount of solar
radiation. The data processing system can, in some cases,
utilize a models that receives as input a value of solar
radiation.

[0049] Thus, the data processing system can select a
model from a set of models stored in a data repository that
is configured for the vehicle based on a state of the seat. A
state of the seat can include occupied or vacant. In some
embodiments, the one or more processors, in conjunction
with the sensors 118, can determine if a seat is occupied or
vacant (e.g., the state of the seat). In some embodiments, the
models can include coefficients configured based on a state
of occupancy of the seat. For example, the model can be
adjusted based on the state of occupancy of the seat to
account for changes in temperature of the surface of the seat
from the occupant or lack thereof. The coefficients can be
pre-configured to correspond to a state of occupancy of the
seat and can be applied automatically to the model based
upon the detected state of occupancy.

[0050] The data processing system can determine, via the
model, the temperature of the surface of the seat based at
least in part on a weight average of the seat temperature, the
cabin temperature, and the temperature of airflow output by
the heater of the vehicle. The model can include the tem-
perature of the surface of the seat based at least in part on a
weight average of the aforementioned and can calculate or
match a corresponding estimated surface seat temperature.

[0051] At ACT 220, the data processing system can con-
trol the airflow temperature. The data processing system can
control a temperature of the airflow provided via the blower
(e.g., airflow device 120) for the seat 455 based on the
temperature of the surface of the seat. For example, respon-
sive to the determined temperature of the surface of the seat
exceeding or being under a setpoint 116, the controller can
initiate a command to the heating and cooling element 122
to change the temperature of the airflow provided to the seat
via the blower. The data processing system can heat the
surface of the seat if the estimated surface temperature is
below the setpoint, or cool the seat if the estimated surface
of the seat is greater than the setpoint.
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[0052] The data processing system can continue monitor
or estimate the surface of the seat in order to determine
whether to increase or decrease the amount of heating or
cooling based on a current estimated temperature of the
surface of the seat. In some cases, the data processing system
can utilize a proportional, integral, derivative (“PID”) con-
troller to gradually adjust the temperature of the seat to
satisfy the setpoint. The feedback into the PID controller can
include the estimated average surface temperature of the seat
as determined using a model or function.

[0053] FIG. 3 depicts an example method of controlling
the temperature of a surface of a seat in a vehicle. The
method 300 can be performed by one or more systems or
components depicted in FIG. 1. FIG. 4, or FIG. 5, including,
for example, a data processing system. At ACT 305, the data
processing system can receive sensor data. Sensor data can
be received, for example, by the data collector 104. Data
collector 104 can receive data sent from one or more sensors
118. Data received by data collector 104 can include data
related to pressure, solar radiation, temperature, moisture
content, airflow speed or direction, or another measurable
quality of any component of the system. Sensor data can
indicate, for example, a temperature of a heating pad of a
seat 455 of the vehicle. In some embodiments, one or more
sensors 118 located in a heating pad of a seat (e.g., seat 455)
of a vehicle can provide temperature data to the data
collector 104. Temperature data (also referred to herein as
temperature information) can include at least individual
temperatures at a sensor location, a range of temperatures, or
a weight average of temperatures.

[0054] Sensor data can include data which indicates
whether a seat 455 is occupied or vacant. For example, data
from a pressure sensor in a seat 455 may be communicated
to the data collector 104 or the state detector 106. For
example, a sensor in a seat 455 of the vehicle can indicate
if a weight applied to the seat is above or below a certain
threshold of weight, such as the minimum weight on an adult
human.

[0055] At ACT 310, the data processing system can deter-
mine the state of occupancy. The occupancy of the seat can
be determined responsive to ACT 305, in which sensor data
is received. Sensor data relating to the occupancy of the seat
455 can be transmitted to the data collector 104 and thereby
to the state detector 106, or directly to the state detector 106.
The data processing system can determine, from sensor data,
whether a seat 455 is occupied or vacant. For example, the
data processing system can compare pressure data to a
threshold pressure amount to determine if the pressure
applied to the seat 455 exceeds the threshold, thereby
indicating a human occupant of the seat. However, the data
processing system can determine that a lack of pressure
exerted on the seat (e.g., the measured pressure information
being below a pressure threshold) indicates the seat 455 is
vacant. The data processing system can use an IR sensor to
determine whether a seat 455 is occupied or vacant. The data
processing system can use data from a sensor located within
a seatbelt receiver to determine whether a seat is occupied.
Thus, the data processing system can use one or more
sensors or a combination thereof to determine whether a seat
455 is occupied or vacant. The state detector 106 can, in
some cases, perform logical operations to determine if the
seat 455 is occupied or vacant, responsive input from one or
more sensors 118 or the data collector 104.
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[0056] At ACT 315, the data processing system can select
a model based at least upon the occupancy of the seat 455.
For example, responsive to a detection of an occupant in the
seat 455 by the state detector 106, the data processing
system can alter or select a subset of models for use by the
temperature estimator 108. The selection of a model 114 can
refer to or include applying a mathematical constraint,
coeflicient, limitation, weight, multiplier, or operation to the
one or more models 114. For example, selection of a model
114 can refer to applying a coeficient to a function of a
model responsive to a determination that a seat is occupied.
For example, selection of a model 114 can refer to dividing
results of the model by a predetermined number encoded in
the model, responsive to an indication that a seat is vacant.
Selection of a model 114 can refer to creating a subset of
models 114. For example, responsive to a determination of
the occupancy of the seat 455, a subset of models 114 can
be created from the one or more models 114.

[0057] At ACT 320, the data processing system can esti-
mate the temperature at the surface of a seat. A temperature
of a surface of a seat 455 can be estimated by the tempera-
ture estimator 108. Temperature estimator 108 can estimate
the temperature at the seat 455 responsive to one or more
inputs such as temperature information from the data col-
lector 104, solar radiation information, state of occupancy of
the seat 455, and the selected model 114. In some embodi-
ments, temperature estimator 108 can apply coefficients or
other operations to the model 114 to estimate the tempera-
ture of the surface of the seat. In some embodiments, the
estimated temperature is calculated by the selected model
114 in response to at least the temperature information as an
input by the temperature estimator 108.

[0058] At ACT 325, the data processing system can com-
pare the estimated temperature with a setpoint or target or
desired temperature. The estimated temperature can be
determined by a temperature estimator using a model or
function, for example. The data processing system can
compare the estimated temperature with the setpoint. For
example, the data processing system can evaluate any dis-
crepancy between the setpoint and the estimated temperature
for adherence to a temperature tolerance. A temperature
tolerance can be a threshold, limit, or amount of allowable
difference between the estimated temperature and the set-
point. If the estimated temperature deviates from the target
temperature by more than a predefined amount, then the data
processing system can determine to activate a heater or
cooler (or increase the amount of heating or cooling) to
reach the target temperature.

[0059] At ACT 330, the data processing system can facili-
tate controlling the temperature of the airflow provided to
the seat or within the cabin, or both. Control of airflow
temperature can refer to an action, actuation, or initiation by
the controller 110 to any of the airflow device 120, the
heating and cooling element 122, or another component of
the system 100. The data processing system can control
airflow temperature responsive to at least a comparison of
the estimated temperature with a setpoint. For example,
upon a determination that the discrepancy between the
estimated temperature and setpoint is outside of the tem-
perature tolerance, the controller 110 may initiate an action
is the airflow device 120 or the heating and cooling element
122. For example, if the estimated temperature is cooler than
the setpoint (outside of the temperature tolerance) the con-
troller may activate the heating and cooling element 122 to
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heat the airflow of the airflow device 120. For example, if
the estimated temperature is hotter than the setpoint (outside
of the temperature tolerance), the controller may initiate the
heating and cooling element 122 to cool the airflow of the
airflow device 120 directed to the surface of the seat 455. For
example, if the estimated temperature and the setpoint are
within the temperature tolerance, the controller 110 may
indicate to the airflow device 120 and the heating and
cooling element 122 to not operate, or to continue current
operation.

[0060] FIG. 4 depicts an example cross-sectional view 400
of an electric vehicle 405 installed with at least one battery
pack 410. Electric vehicles 405 can include electric trucks,
electric sport utility vehicles (SUVs), electric delivery vans,
electric automobiles, electric cars, electric motorcycles,
electric scooters, electric passenger vehicles, electric pas-
senger or commercial trucks, hybrid vehicles, or other
vehicles such as sea or air transport vehicles, planes, heli-
copters, submarines, boats, or drones, among other possi-
bilities. The battery pack 410 can also be used as an energy
storage system to power a building, such as a residential
home or commercial building. Electric vehicles 405 can be
fully electric or partially electric (e.g., plug-in hybrid) and
further, electric vehicles 405 can be fully autonomous,
partially autonomous, or unmanned. Electric vehicles 405
can also be human operated or non-autonomous. Electric
vehicles 405 such as electric trucks or automobiles can
include on-board battery packs 410, batteries 415 or battery
modules 415, or battery cells 420 to power the electric
vehicles. The vehicle 405 can include sensors 118, airflow
device 120, and heating and cooling element 122. The
electric vehicle 405 can include a chassis 425 (e.g., a frame,
internal frame, or support structure). The chassis 425 can
support various components of the electric vehicle 405. The
chassis 425 can span a front portion 430 (e.g., a hood or
bonnet portion), a body portion 435, and a rear portion 440
(e.g., atrunk, payload, or boot portion) of the electric vehicle
405. The battery pack 410 can be installed or placed within
the electric vehicle 405. For example, the battery pack 410
can be installed on the chassis 425 of the electric vehicle 405
within one or more of the front portion 430, the body portion
435, or the rear portion 440. The body portion of the vehicle
405 can include a cabin in which occupants or passengers
sit. Passengers of the cabin can sit in a seat 455 of the cabin.
Seat 455 can be configured to include heating and cooling
element 122 or airflow device 120. Seat 455 can be config-
ured to be heated or cooled to an occupant’s desired tem-
perature. The battery pack 410 can include or connect with
at least one busbar, e.g., a current collector element. For
example, the first busbar 445 and the second busbar 450 can
include electrically conductive material to connect or oth-
erwise electrically couple the battery 415, the battery mod-
ules 415, or the battery cells 420 with other electrical
components of the electric vehicle 405 to provide electrical
power to various systems or components of the electric
vehicle 405.

[0061] For example, the battery cell 420 can include at
least one lithium-ion battery cell. In lithium-ion battery
cells, lithium ions can transfer between a positive electrode
and a negative electrode during charging and discharging of
the battery cell. For example, the battery cell anode can
include lithium or graphite, and the battery cell cathode can
include a lithium-based oxide material. The electrolyte
material can be disposed in the battery cell 420 to separate
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the anode and cathode from each other and to facilitate
transfer of lithium ions between the anode and cathode.
Battery cell 420 can also take the form of a solid state battery
cell developed using solid electrodes and solid electrolytes.
[0062] FIG. 5 depicts an example block diagram of an
example computer system 500. The computer system or
computing device 500 can include or be used to implement
a data processing system or its components. The computing
system 500 includes at least one bus 505 or other commu-
nication component for communicating information and at
least one processor 510 or processing circuit coupled to the
bus 505 for processing information. The computing system
500 can also include one or more processors 510 or pro-
cessing circuits coupled to the bus for processing informa-
tion. The computing system 500 also includes at least one
main memory 515, such as a random access memory (RAM)
or other dynamic storage device, coupled to the bus 505 for
storing information, and instructions to be executed by the
processor 510. The main memory 515 can be used for
storing information during execution of instructions by the
processor 510. The computing system 500 may further
include at least one read only memory (ROM) 520 or other
static storage device coupled to the bus 505 for storing static
information and instructions for the processor 510. A storage
device 525, such as a solid state device, magnetic disk or
optical disk, can be coupled to the bus 505 to persistently
store information and instructions.

[0063] The computing system 500 may be coupled via the
bus 505 to a display 535, such as a liquid crystal display, or
active matrix display, for displaying information to a user
such as a driver of the electric vehicle 405 or other end user.
An input device 530, such as a keyboard or voice interface
may be coupled to the bus 505 for communicating informa-
tion and commands to the processor 510. The input device
530 can include a touch screen display 535. The input device
530 can also include a cursor control, such as a mouse, a
trackball, or cursor direction keys, for communicating direc-
tion information and command selections to the processor
510 and for controlling cursor movement on the display 535.
[0064] The processes, systems and methods described
herein can be implemented by the computing system 500 in
response to the processor 510 executing an arrangement of
instructions contained in main memory 515. Such instruc-
tions can be read into main memory 515 from another
computer-readable medium, such as the storage device 525.
Execution of the arrangement of instructions contained in
main memory 515 causes the computing system 500 to
perform the illustrative processes described herein. One or
more processors in a multi-processing arrangement may also
be employed to execute the instructions contained in main
memory 515. Hard-wired circuitry can be used in place of or
in combination with software instructions together with the
systems and methods described herein. Systems and meth-
ods described herein are not limited to any specific combi-
nation of hardware circuitry and software.

[0065] Although an example computing system has been
described in FIG. 5, the subject matter including the opera-
tions described in this specification can be implemented in
other types of digital electronic circuitry, or in computer
software, firmware, or hardware, including the structures
disclosed in this specification and their structural equiva-
lents, or in combinations of one or more of them.

[0066] Some of the description herein emphasizes the
structural independence of the aspects of the system com-
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ponents or groupings of operations and responsibilities of
these system components. Other groupings that execute
similar overall operations are within the scope of the present
application. Modules can be implemented in hardware or as
computer instructions on a non-transient computer readable
storage medium, and modules can be distributed across
various hardware or computer based components.

[0067] The systems described above can provide multiple
ones of any or each of those components and these compo-
nents can be provided on either a standalone system or on
multiple instantiation in a distributed system. In addition, the
systems and methods described above can be provided as
one or more computer-readable programs or executable
instructions embodied on or in one or more articles of
manufacture. The article of manufacture can be cloud stor-
age, a hard disk, a CD-ROM, a flash memory card, a PROM,
a RAM, a ROM, or a magnetic tape. In general, the
computer-readable programs can be implemented in any
programming language, such as LISP, PERL, C, C++, C#,
PROLOG, or in any byte code language such as JAVA. The
software programs or executable instructions can be stored
on or in one or more articles of manufacture as object code.

[0068] Example and non-limiting module implementation
elements include sensors providing any value determined
herein, sensors providing any value that is a precursor to a
value determined herein, datalink or network hardware
including communication chips, oscillating crystals, com-
munication links, cables, twisted pair wiring, coaxial wiring,
shielded wiring, transmitters, receivers, or transceivers,
logic circuits, hard-wired logic circuits, reconfigurable logic
circuits in a particular non-transient state configured accord-
ing to the module specification, any actuator including at
least an electrical, hydraulic, or pneumatic actuator, a sole-
noid, an op-amp, analog control elements (springs, filters,
integrators, adders, dividers, gain elements), or digital con-
trol elements.

[0069] The subject matter and the operations described in
this specification can be implemented in digital electronic
circuitry, or in computer software, firmware, or hardware,
including the structures disclosed in this specification and
their structural equivalents, or in combinations of one or
more of them. The subject matter described in this specifi-
cation can be implemented as one or more computer pro-
grams, e.g., one or more circuits of computer program
instructions, encoded on one or more computer storage
media for execution by, or to control the operation of, data
processing apparatuses. Alternatively or in addition, the
program instructions can be encoded on an artificially gen-
erated propagated signal, e.g., a machine-generated electri-
cal, optical, or electromagnetic signal that is generated to
encode information for transmission to suitable receiver
apparatus for execution by a data processing apparatus. A
computer storage medium can be, or be included in, a
computer-readable storage device, a computer-readable stor-
age substrate, a random or serial access memory array or
device, or a combination of one or more of them. While a
computer storage medium is not a propagated signal, a
computer storage medium can be a source or destination of
computer program instructions encoded in an artificially
generated propagated signal. The computer storage medium
can also be, or be included in, one or more separate
components or media (e.g., multiple CDs, disks, or other
storage devices include cloud storage). The operations
described in this specification can be implemented as opera-
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tions performed by a data processing apparatus on data
stored on one or more computer-readable storage devices or
received from other sources.

[0070] The terms “computing device”, “component” or
“data processing apparatus” or the like encompass various
apparatuses, devices, and machines for processing data,
including by way of example a programmable processor, a
computer, a system on a chip, or multiple ones, or combi-
nations of the foregoing. The apparatus can include special
purpose logic circuitry, e.g., an FPGA (field programmable
gate array) or an ASIC (application specific integrated
circuit). The apparatus can also include, in addition to
hardware, code that creates an execution environment for the
computer program in question, e.g., code that constitutes
processor firmware, a protocol stack, a database manage-
ment system, an operating system, a cross-platform runtime
environment, a virtual machine, or a combination of one or
more of them. The apparatus and execution environment can
realize various different computing model infrastructures,
such as web services, distributed computing and grid com-
puting infrastructures.

[0071] A computer program (also known as a program,
software, software application, app, script, or code) can be
written in any form of programming language, including
compiled or interpreted languages, declarative or procedural
languages, and can be deployed in any form, including as a
stand-alone program or as a module, component, subroutine,
object, or other unit suitable for use in a computing envi-
ronment. A computer program can correspond to a file in a
file system. A computer program can be stored in a portion
of a file that holds other programs or data (e.g., one or more
scripts stored in a markup language document), in a single
file dedicated to the program in question, or in multiple
coordinated files (e.g., files that store one or more modules,
sub programs, or portions of code). A computer program can
be deployed to be executed on one computer or on multiple
computers that are located at one site or distributed across
multiple sites and interconnected by a communication net-
work.

[0072] The processes and logic flows described in this
specification can be performed by one or more program-
mable processors executing one or more computer programs
to perform actions by operating on input data and generating
output. The processes and logic flows can also be performed
by, and apparatuses can also be implemented as, special
purpose logic circuitry, e.g., an FPGA (field programmable
gate array) or an ASIC (application specific integrated
circuit). Devices suitable for storing computer program
instructions and data can include non-volatile memory,
media and memory devices, including by way of example
semiconductor memory devices, e.g., EPROM, EEPROM,
and flash memory devices; magnetic disks, e.g., internal
hard disks or removable disks; magneto optical disks; and
CD ROM and DVD-ROM disks. The processor and the
memory can be supplemented by, or incorporated in, special
purpose logic circuitry.

[0073] The subject matter described herein can be imple-
mented in a computing system that includes a back end
component, e.g., as a data server, or that includes a middle-
ware component, e.g., an application server, or that includes
a front end component, e.g., a client computer having a
graphical user interface or a web browser through which a
user can interact with an implementation of the subject
matter described in this specification, or a combination of
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one or more such back end, middleware, or front end
components. The components of the system can be inter-
connected by any form or medium of digital data commu-
nication, e.g., a communication network. Examples of com-
munication networks include a local area network (“LLAN”)
and a wide area network (“WAN™), an inter-network (e.g.,
the Internet), and peer-to-peer networks (e.g., ad hoc peer-
to-peer networks).

[0074] While operations are depicted in the drawings in a
particular order, such operations are not required to be
performed in the particular order shown or in sequential
order, and all illustrated operations are not required to be
performed. Actions described herein can be performed in a
different order.

[0075] Having now described some illustrative implemen-
tations, it is apparent that the foregoing is illustrative and not
limiting, having been presented by way of example. In
particular, although many of the examples presented herein
involve specific combinations of method acts or system
elements, those acts and those elements may be combined in
other ways to accomplish the same objectives. Acts, ele-
ments and features discussed in connection with one imple-
mentation are not intended to be excluded from a similar role
in other implementations or implementations.

[0076] The phraseology and terminology used herein is for
the purpose of description and should not be regarded as
limiting. The use of “including” “comprising” “having”
“containing” “involving” “characterized by” “characterized
in that” and variations thereof herein, is meant to encompass
the items listed thereafter, equivalents thereof, and addi-
tional items, as well as alternate implementations consisting
of the items listed thereafter exclusively. In one implemen-
tation, the systems and methods described herein consist of
one, each combination of more than one, or all of the
described elements, acts, or components.

[0077] Any references to implementations or elements or
acts of the systems and methods herein referred to in the
singular may also embrace implementations including a
plurality of these elements, and any references in plural to
any implementation or element or act herein may also
embrace implementations including only a single element.
References in the singular or plural form are not intended to
limit the presently disclosed systems or methods, their
components, acts, or elements to single or plural configu-
rations. References to any act or element being based on any
information, act or element may include implementations
where the act or element is based at least in part on any
information, act, or element.

[0078] Any implementation disclosed herein may be com-
bined with any other implementation or embodiment, and
references to “an implementation,” “some implementa-
tions,” “one implementation” or the like are not necessarily
mutually exclusive and are intended to indicate that a
particular feature, structure, or characteristic described in
connection with the implementation may be included in at
least one implementation or embodiment. Such terms as
used herein are not necessarily all referring to the same
implementation. Any implementation may be combined
with any other implementation, inclusively or exclusively, in
any manner consistent with the aspects and implementations
disclosed herein.

[0079] References to “or” may be construed as inclusive
so that any terms described using “or” may indicate any of
a single, more than one, and all of the described terms.
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References to at least one of a conjunctive list of terms may
be construed as an inclusive OR to indicate any of a single,
more than one, and all of the described terms. For example,
a reference to “at least one of ‘A’ and ‘B”” can include only
‘A’, only ‘B’, as well as both ‘A’ and ‘B’. Such references
used in conjunction with “comprising” or other open termi-
nology can include additional items.
[0080] Where technical features in the drawings, detailed
description or any claim are followed by reference signs, the
reference signs have been included to increase the intelligi-
bility of the drawings, detailed description, and claims.
Accordingly, neither the reference signs nor their absence
have any limiting effect on the scope of any claim elements.
[0081] Modifications of described elements and acts such
as variations in sizes, dimensions, structures, shapes and
proportions of the various elements, values of parameters,
mounting arrangements, use of materials, colors, orienta-
tions can occur without materially departing from the teach-
ings and advantages of the subject matter disclosed herein.
For example, elements shown as integrally formed can be
constructed of multiple parts or elements, the position of
elements can be reversed or otherwise varied, and the nature
or number of discrete elements or positions can be altered or
varied. Other substitutions, modifications, changes and
omissions can also be made in the design, operating condi-
tions and arrangement of the disclosed elements and opera-
tions without departing from the scope of the present dis-
closure.
[0082] Further relative parallel, perpendicular, vertical or
other positioning or orientation descriptions include varia-
tions within +/-10% or +/-10 degrees of pure vertical,
parallel or perpendicular positioning. References to
“approximately,” “substantially” or other terms of degree
include variations of +/-10% from the given measurement,
unit, or range unless explicitly indicated otherwise. Coupled
elements can be electrically, mechanically, or physically
coupled with one another directly or with intervening ele-
ments. Scope of the systems and methods described herein
is thus indicated by the appended claims, rather than the
foregoing description, and changes that come within the
meaning and range of equivalency of the claims are
embraced therein.
What is claimed is:
1. A system, comprising:
one or more processors, coupled with memory, to:
receive, from a first sensor in a vehicle, temperature
information;
identify a parameter of an airflow device that provides
airflow for a seat of the vehicle;
determine, via a model based on the temperature infor-
mation and the parameter of the device, a temperature
of a surface of the seat; and
control a temperature of the airflow provided via the
device for the seat based on the temperature of the
surface of the seat.
2. The system of claim 1, comprising the one or more
processors to:
identify, from a second sensor in a cabin, an amount of
solar radiation; and
determine, via the model based on the temperature infor-
mation, a speed of the device, and the amount of solar
radiation, the temperature of the surface of the seat.
3. The system of claim 1, comprising the one or more
processors to:
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identify, from the first sensor, the temperature information
comprising a temperature of the airflow at an inlet.
4. The system of claim 1, comprising the one or more
processors to:
receive the temperature information from a plurality of
sensors, the plurality of sensors comprising at least one
of a heating pad sensor located at a heating pad of the
seat, an ambient cabin temperature sensor, or an evapo-
rator temperature sensor.
5. The system of claim 1, wherein the device comprises a
blower, comprising the one or more processors to:
determine a speed of the blower based on a duty cycle of
the blower.
6. The system of claim 1, comprising the one or more
processors to:
select the model from a plurality of models configured for
the vehicle based on a state of the seat.
7. The system of claim 1, comprising the one or more
processors to:
detect the seat is occupied; and
select the model from a plurality of models responsive to
the detection that the seat is occupied.
8. The system of claim 1, comprising the one or more
processors to:
detect the seat is vacant; and
select the model from a plurality of models responsive to
the detection that the seat is vacant.
9. The system of claim 1, comprising the one or more
processors to:
receive the temperature information from a plurality of
sensors of the vehicle, the temperature information
comprising a seat temperature, a cabin temperature, and
a temperature of airflow output by a heater of the
vehicle; and
select the model comprising coefficients configured based
on a state of occupancy of the seat.
10. The system of claim 1, comprising the one or more
processors to:
receive the temperature information from a plurality of
sensors of the vehicle, the temperature information
comprising a seat temperature, a cabin temperature, a
temperature of airflow output by a heater of the vehicle;
and
determine, via the model, the temperature of the surface
of the seat based at least in part on a weight average of
the seat temperature, the cabin temperature, and the
temperature of airflow output by the heater of the
vehicle.
11. A method, comprising:
receiving, by one or more processors coupled with
memory, from a first sensor in a vehicle, temperature
information;
identifying, by the one or more processors, a parameter of
a device that provides airflow for a seat of the vehicle;
determining, by the one or more processors via a model,
a temperature of a surface of the seat based on the
temperature information and the parameter of the
device; and
controlling, by the one or more processors, a temperature
of the airflow provided via the device for the seat based
on the temperature of the surface of the seat.
12. The method of claim 11, comprising:
identifying, by the one or more processors from a second
sensor in a cabin, an amount of solar radiation; and
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determining, by the one or more processors via the model,
the temperature of the surface of the seat based on the
temperature information, a speed of the device, and the
amount of solar radiation.

13. The method of claim 11, comprising:

identifying, by the one or more processors, the tempera-
ture information comprising a temperature of the air-
flow at an inlet.

14. The method of claim 11, comprising:

receiving, by the one or more processors, the temperature
information from a plurality of sensors, the plurality of
sensors comprising at least one of a heating pad sensor
located at a heating pad of the seat, an ambient cabin
temperature sensor, or an evaporator temperature sen-
SOr.

15. The method of claim 11, wherein the device comprises

a blower, the method comprising:

determining, by the one or more processors, a speed of the
blower based on a duty cycle of the blower.

16. The method of claim 11, comprising:

selecting, by the one or more processors, the model from
a plurality of models configured for the vehicle based
on a state of the seat.

17. The method of claim 11, comprising:

receiving, by the one or more processors, the temperature
information from a plurality of sensors of the vehicle,
the temperature information comprising a seat tempera-
ture, a cabin temperature, and a temperature of airflow
output by a heater of the vehicle; and

selecting, by the one or more processors, the model
comprising coefficients configured based on a state of
occupancy of the seat.

18. The method of claim 11, comprising:

receiving, by the one or more processors, the temperature
information from a plurality of sensors of the vehicle,
the temperature information comprising a seat tempera-
ture, a cabin temperature, a temperature of airflow
output by a heater of the vehicle; and

determining, by the one or more processors via the model,
the temperature of the surface of the seat based at least
in part on a weight average of the seat temperature, the
cabin temperature, and the temperature of airflow out-
put by the heater of the vehicle.

19. A vehicle, comprising:

one or more processors, coupled with memory, to:

receive, from a first sensor in a vehicle, temperature
information;

identify a parameter of a blower that provides airflow for
a seat of the vehicle;

determine, via a model based on the temperature infor-
mation and the parameter of the blower, a temperature
of a surface of the seat; and

control a temperature of the airflow provided via the
blower for the seat based on the temperature of the
surface of the seat.

20. The vehicle of claim 19, comprising the one or more

processors to:

identify, from a second sensor in a cabin, an amount of
solar radiation; and

determine, via the model based on the temperature infor-
mation, a speed of the blower, and the amount of solar
radiation, the temperature of the surface of the seat.
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