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HEATED LENS

INTRODUCTION

[0001] A vehicle, such as an electric vehicle, can include
one or more lamps. The lamps can be used to aid a driver 1n
viewing areas ol the environment surrounding the vehicle.

SUMMARY

[0002] This disclosure 1s generally directed to a lens of a
vehicle that can be heated. Snow, 1ce, or generally moisture
or precipitation can accumulate on a lamp outer lens. The
moisture can impact the light output of the lamp. A film
heater can be added to the lamp outer lens. The film heater
can be or include carbon nanotubes (e.g., a transparent
carbon nanotube film layer). The carbon nanotube can be
surrounded by a heating element (e.g., silver bus bars). The
carbon nanotubes can conduct current. Conducting the cur-
rent can heat up the carbon nanotube layer to remove snow,
ice, or other moisture or precipitation build up on the lens.
[0003] A system 1s provided. The system can include a
lens. The lens can include a carbon nanotube layer. The
carbon nanotube layer can be configured to thermally couple
with a heating element.

[0004] At least one aspect 1s directed to a system. The
system can include a lens. The lens can include a carbon
nanotube layer. The system can include a heating element.
The heating element can heat the carbon nanotube layer.
[0005] At least one aspect 1s directed to a system. The
system can include a lens. The lens can include a carbon
nanotube layer. The system can include a controller. The
controller can heat the carbon nanotube layer. The controller
can heat the carbon nanotube layer by controlling a battery
coupled with the carbon nanotube layer.

[0006] A vehicle 1s provided. The vehicle can include a
lens. The lens can include a carbon nanotube layer. The
carbon nanotube layer can be configured to thermally couple
with a heating element.

[0007] At least one aspect 1s directed to a vehicle. The
vehicle can include a lens. The lens can include a carbon
nanotube layer. The vehicle can include a heating element.
The heating element can heat the carbon nanotube layer.
[0008] At least one aspect 1s directed to a method. The
method can include monitoring, by a processor, a condition.
The method can include determining, by the processor,
satisfaction of the condition. The method can include,
responsive to the satisfaction of the condition, heating, by
the processor, a carbon nanotube layer of a lens.

[0009] These and other aspects and implementations are
discussed 1n detail below. The foregoing information and the
tollowing detailed description include illustrative examples
of various aspects and implementations, and provide an
overview or Iramework 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 nmcorpo-
rated in and constitute a part of this specification. The
foregoing information and the following detailed description
and drawings include 1illustrative examples and should not
be considered as limiting.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The accompanying drawings are not intended to be
drawn to scale. Like reference numbers and designations 1n
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the various drawings indicate like elements. For purposes of
clarity, not every component may be labeled in every
drawing. In the drawings:

[0011] FIG. 1 depicts an example vehicle, 1n accordance
with some 1implementations.

[0012] FIG. 2 depicts an example system for heating a
lens, 1n accordance with some implementations.

[0013] FIG. 3 depicts an example lens, 1n accordance with
some 1mplementations.

[0014] FIG. 4 depicts an example cross-sectional view of
a portion of a headlamp, 1n accordance with some 1mple-
mentations.

[0015] FIG. 5 depicts an example cross-sectional view of
a portion of a headlamp, 1n accordance with some 1mple-
mentations.

[0016] FIG. 6 depicts an example perspective view of a
headlamp, in accordance with some implementations.
[0017] FIG. 7 depicts an example method for heating a
lens, 1n accordance with some implementations.

[0018] FIG. 8 depicts an example method for heating a
lens, 1n accordance with some 1mplementations.

[0019] FIG. 9 1s a block diagram illustrating an example
architecture for a computer system that can be employed to
implement elements of the systems and methods described
and 1llustrated herein.

DETAILED DESCRIPTION

[0020] Following below are more detailed descriptions of
various concepts related to, and implementations of, meth-
ods, apparatuses, and systems of heating vehicle lenses. The
various concepts introduced above and discussed 1n greater
detail below may be implemented 1n any of numerous ways.
[0021] In an automotive system, diflerent lamps can be
used to i1lluminate the environment. The lamps can 1llumi-
nate the environment at night and 1n otherwise dark envi-
ronments (e.g., 1 foggy environments or tunnels). The
lamps can do so to enable a driver of a vehicle to see the
environment or for sensors of the vehicle to collect data. The
lamps may be protected by transparent barriers (e.g., poly-
carbonate lenses) through which the lamps can direct light.
[0022] Insome cases, precipitation (€.g., Snow, i1ce, rain, or
mist) from the environment can build up on lenses of lamps
on vehicles. The precipitation can block or otherwise reduce
illumination by the lamps. This problem can be compounded
with light-emitting diode (LED) lamps, which can produce
less heat than halogen lamps and are therefore more sus-
ceptible to snow and 1ce accumulation. Conventional sys-
tems and methods to resolve this problem can mvolve
placing wires on the lenses and running current through the
wires to heat up the lenses. However, the wires can further
obstruct the light emitted from the lamps from the environ-
ment.

[0023] To solve these and other technical challenges, a
lens of a system (e.g., an automotive system) can include a
carbon nanotube layer. The carbon nanotube layer can be or
include a carbon nanotube film layer. The carbon nanotube
layer can be placed between layers of other material (e.g.,
polycarbonate) of the lens. The system can also include a
heating element (e.g., a wire that can conduct current or a
busbar, such as a silver busbar). The heating element can be
coupled to or otherwise contact the carbon nanotube layer.
The heating element can direct current through the heating
clement to the carbon nanotube layer. Directing current
through the heating element can cause current to travel
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through the carbon nanotube layer. The current can heat the
carbon nanotube layer. Heating the carbon nanotube layer
can heat the layers of the lens surrounding the carbon
nanotube layer. Heating the layers surrounding the carbon
nanotube layer can cause any precipitation built up on the
lens to dissipate or otherwise slide off of the lens. The carbon
nanotube layer can be the lens itself or an outer layer of the
lens. In such cases, heating the carbon nanotube layer to melt
or cause precipitation built up on the carbon nanotube layer
to dissipate. Accordingly, the carbon nanotube layer can
facilitate removal of precipitation obstruction on the lens.

[0024] The lens of the system can be a lens of a headlamp
of a vehicle. For example, a vehicle can include a headlamp.
The headlamp can include a bulb that emuits light toward the
front of the vehicle and a lens that includes a carbon
nanotube layer. The light can increase visibility in front of
the vehicle during the might or in foggy environments. When
precipitation builds up on the lens of the headlamp, the light
can be blocked by the precipitation. By heating the heating
clements coupled with the carbon nanotube layer of the
headlamp, the carbon nanotube layer can transier heat to the
other layers of the headlamp. The heat transfer can cause the
precipitation to dissipate or slide ofl of the lens, thus causing
the headlamp to emait light unobstructed. Because the carbon
nanotube layer can be translucent or transparent, the carbon
nanotube layer may not obstruct the light from the head-
lamp. Thus, the carbon nanotube layer can remove precipi-
tation obstructing light from headlamps without obstructing,
the light.

[0025] A controller can selectively heat a carbon nanotube
layer of a lens. For example, the controller can monitor a
condition. The condition can be a rule indicating whether to
heat the carbon nanotube layer of the lens. An example of a
condition can be a threshold or a particular reading from a
sensor (e.g., a reading indicating it 1s snowing or otherwise
precipitating in the environment surrounding a vehicle or
there 1s precipitation on the lens). Responsive to determining,
a condition 1s satisfied, the controller can heat the carbon
nanotube layer of the lens. The controller can heat the carbon
nanotube layer by transmitting a control signal (e.g., to a
battery). The control signal can cause the battery to dis-
charge or direct current or energy through a heating element
to the carbon nanotube layer. Accordingly, the controller can
determine when to heat the carbon nanotube layer or lens.

[0026] A carbon nanotube layer can be used to heat any
lenses or surfaces of a vehicle. For example, a carbon
nanotube layer can be integrated into lenses of a windshield,
windows, mirrors (€.g., side-view mirror or rear-view mir-
rors), a shell of the vehicle, or any other component where
heating 1s desired.

[0027] FIG. 1 depicts an example cross-sectional view 100
of a vehicle 1035 installed with at least one battery pack 110.
The vehicle 105 can be an electric vehicle. The vehicle 105
can include electric trucks, electric sport utility vehicles
(SUV5s), electric delivery vans, electric automobiles, electric
cars, electric motorcycles, electric scooters, electric passen-
ger vehicles, electric passenger or commercial trucks, hybrid
vehicles, or other vehicles such as sea or air transport
vehicles, planes, helicopters, submarines, boats, or drones,
among other possibilities. The battery pack 110 can also be
used as an energy storage system to power a building, such
as a residential home or commercial building. The vehicles
105 can be fully electric or partially electric (e.g., plug-in
hybrid) and turther, vehicles 105 can be fully autonomous,
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partially autonomous, or unmanned. The vehicles 105 can
also be human operated or non-autonomous. The vehicles
105 such as electric trucks or automobiles can include
on-board battery packs 110, batteries 113 or battery modules
115, or battery cells 120 to power the electric vehicles. The
vehicle 105 can include a chassis 125 (e.g., a frame, internal
frame, or support structure). The chassis 125 can support
various components of the vehicle 105. The chassis 125 can
span a front portion 130 (e.g., a hood or bonnet portion), a
body portion 135, and a rear portion 140 (e.g., a trunk,
payload, or boot portion) of the vehicle 105. The battery
pack 110 can be installed or placed within the vehicle 105.
For example, the battery pack 110 can be installed on the
chassis 125 of the vehicle 105 within one or more of the
front portion 130, the body portion 135, or the rear portion
140. The battery pack 110 can include or connect with at
least one busbar (e.g., a current collector element). For
example, the first busbar 145 and the second busbar 150 can
include electrically conductive material to connect or oth-
erwise electrically couple the battery 1135, the battery mod-
ules 115, or the battery cells 120 with other electrical
components of the vehicle 105 to provide electrical power to
various systems or components of the vehicle 105.

[0028] The vehicle 105 can include one or more head-
lamps 1535. The one or more headlamps 155 can include one
or more light bulbs 160 (e.g., halogen light bulbs or light-
emitting diode (LED) light bulbs). The one or more head-
lamps 155 can be located 1n front of (e.g., 1n the direction the
vehicle 105 drives forward and not 1n reverse) the vehicle
105 or 1n any other location on the vehicle 105. The one or
more headlamps 155 can direct light 165 away from the
front of the vehicle 105. The one or more headlamps 155 can
include one or more lenses 170. Each or a subset of the
headlamps 155 can include a lens 170. The lens 170 can
include a carbon nanotube layer 175. The carbon nanotube
layer 175 can be heated to heat the lens 170. By heating the
lens 170, precipitation on the lens 170 can dissipate or
otherwise be removed from the lenses 170. Accordingly, the
carbon nanotube layer 175 can be used to facilitate precipi-
tation removal from the one or more headlamps 155. The
lens 170 can be integrated into the vehicle 105 as a lens of
one or more of the headlamp 1355, a tail light 182, a turn
signal 184, a mirror 186, a windshield 188, or a window 190.

[0029] The vehicle 105 can include sensors 180. The
sensors 180 can be located at any location on the vehicle
105. The sensors 180 can include one or more sensors. The
sensors 180 can be, for example, pressure sensors, moisture
sensors, humidity sensors, thermometers, cameras, video
recorders, light detection and ranging (LiDAR) sensors,
sonar sensors, or ultrasonic sensors. The sensors 180 can be
configured to detect various environmental characteristics,
such as, for example, temperature, humidity, air pressure,
snow, rain, ice, and wind speed. The sensors 180 can be
located on the vehicle 105. For example, the sensors 180 can
be locate 1n, on, or around the lenses 170, the windshield 188
of the vehicle 105, or at any other location of the vehicle
105. The sensors 180 can detect environmental characteris-
tics around the vehicle 105. The sensors 180 can transmuit the
collected characteristics to a computer of the vehicle 105.
The computer can process the data for vehicle control.

[0030] FIG. 2 depicts an example system 200 for heating

a lens. The system 200 can include a controller 202, a battery
204, and a headlamp 206. The components 202-206 of the
system 200 can be components of a vehicle (e.g., the vehicle
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105). The components 202-206 can operate together to
direct light from the vehicle or remove or substantially
mimmize precipitation or other obstructions from the head-
lamp 206. For example, the headlamp 206 can include a lens
208. The lens 208 can include a carbon nanotube layer 210.
The battery 204 can be coupled with the carbon nanotube
layer 210. The controller 202 can send, transmit, or direct a
control signal to the battery 204. The control signal can
cause the battery 204 to direct current through the carbon
nanotube layer 210. The current can increase the tempera-
ture of the carbon nanotube layer 210. The increase in
temperature of the carbon nanotube layer 210 can increase
the temperature of the lens 208. Accordingly, the carbon

nanotube layer 210 can facilitate an increase in temperature
of the lens 208.

[0031] The lens 208 can be integrated into a vehicle. For
cxample, the lens 208 can be integrated into a headlamp,
mirror, taillights, daytime running lights, fog lights, signal
lights, brake lights, hazard lights, driving lamps, windshield,
or other surface (e.g., outer surface) of the vehicle. The lens
208 can be or include a transparent or translucent material.
The transparent or translucent material can facilitate light
passing through the lens 208. In an example, the lens 208
can be the outer surface of a headlamp of a vehicle that
protects the headlamp from the environment while allowing,
the headlamp to direct light 1n front of the vehicle. The lens
208 can be integrated into any surface or component of the
vehicle.

[0032] The lens 208 can include the carbon nanotube layer
210 and a layer 212. The layer 212 can be or include a
translucent or transparent material, such as polycarbonate or
glass. The carbon nanotube layer 210 can be coupled with
the layer 212 (e.g., formed underneath the layer 212 relative
to an outer surface of the lens 208). The carbon nanotube
layer 210 can be coupled between the layer 212 and another
layer (not shown). The other layer can be or include the same
material as the layer 212. The carbon nanotube layer 210 can
be coupled along an entirety of the layer 212 or coupled with
a portion (e.g., less than an entirety) of the layer 212. In one
example, the carbon nanotube layer 210 can be coupled with
a portion of the layer 212 in front of (e.g., only 1n front of)
a low-beam light of the headlamp 206 of the vehicle.

[0033] The carbon nanotube layer 210 can be or include a
layer or coating that includes a single or multiple layers of
carbon nanotubes (e.g., aligned carbon nanotubes). The
carbon nanotube layer 210 can be deposited on a substrate
within the lens 208 using various methods, such as chemical
vapor deposition, spin coating, or spray coating. The carbon
nanotube layer 210 can have a thickness in the range of
nanometers to micrometers, for example.

[0034] The carbon nanotube layer 210 can be or include a
carbon nanotube film layer. The carbon nanotube film layer
can be or include a network of randomly oriented carbon
nanotubes. This film can be produced by various methods
such as filtration of a carbon nanotube suspension or transfer
printing from a carbon nanotube forest. The thickness of the
carbon nanotube film layer can range from tens to hundreds
ol micrometers.

[0035] The carbon nanotube layer 210 can be transparent
or translucent. The carbon nanotube layer 210 can be
translucent or transparent because the carbon nanotube layer
210 1s or icludes one or more carbon nanotubes. Because
the carbon nanotube layer 210 can be transparent or trans-
lucent, light can pass through the carbon nanotube layer 210
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or the lens 208 of which the carbon nanotube layer 210 1s a
part. Accordingly, when integrated into the headlamp 206,
the lens 208 with the carbon nanotube layer 210 may not
block or stop light from passing through the lens 208. The
lens 208 can allow light to pass through while protecting the
headlamp 206 from the environment.

[0036] The carbon nanotube layer 210 can be thermally
coupled with a heating element 214 (e.g., the carbon nano-
tube layer 210 can be coupled with the heating element 214
such that the heating element 214 causes a change 1n
temperature 1n the carbon nanotube layer 210). The heating
clement 214 can contact the carbon nanotube layer at one or
more locations. In some cases, the heating element 214 can
lay flush with the carbon nanotube layer 210. The heating
clement 214 can be or include one or more busbars (e.g.,
silver busbars), wires, or other conductors (e.g., thermal
conductors). The heating element 214 can be configured to
conduct current or electricity to the carbon nanotube layer
210. The heating element 214 can be coupled to the carbon
nanotube layer 210 through one or more contact points 216.
The heating element 214 can be configured to carry or
conduct current to the contact points 216. Current can travel
from the contact points 216 throughout the carbon nanotube
layer 210. The current can cause the carbon nanotube layer
210 to heat up or increase 1n temperature. The increase 1n
temperature of the carbon nanotube layer 210 can heat up the
layer 212 (e.g., through a heat transier). Accordingly, the
current traveling through the heating element 214 and
through the carbon nanotube layer 210 can cause the layer
212 to heat up or increase 1n temperature. The carbon
nanotube layer 210 can provide uniform heat distribution
across the surface of the lens 208 (e.g., at the surface of the
lens 208 that the carbon nanotube layer 210 contacts).

[0037] The battery 204 can be a battery of a vehicle (e.g.,
the vehicle 105). The battery 204 can be or include a power
source. The battery 204 can have a high voltage or a low
voltage. The battery 204 can be a high voltage battery with
a voltage of 400 volts (V) or otherwise a voltage in the range
of 300V to 800V, for example. The battery 204 can be a low
voltage battery with a voltage of 12V or a voltage within the
range ol 5V to 20V, for example. The battery 204 can be or
include a high voltage battery and a low voltage battery
(e.g., a high voltage battery connected 1n series with a low
voltage battery). The battery 204 can be connected with the
heating element 214 through wires 218 at one or more
contact points 220 of the heating element 214.

[0038] The battery 204 can direct current to the heating
clement 214 and the carbon nanotube layer 210. For
example, the battery 204 can discharge current or energy to
the contact points 220 of the heating element 214 through
the wires 218. The current or energy can travel through the
wires 218 to the contact points 220, through the heating
clement 214 to the contact points 216, and to or through the
carbon nanotube layer 210. The current or energy can
modily heat (e.g., increase or reduce the temperature) of the
carbon nanotube layer 210 or the lens 208. Thus, the battery
204 can heat up the carbon nanotube layer 210 or the lens

208.

[0039] The controller 202 can 1nclude or execute on one or
more processors or computing devices. The controller 202
can be located on (e.g., be electrically connected to the
circuitry of) a vehicle (e.g., the vehicle 1035). The controller
202 can be remote from the vehicle. The controller 202 can
communicate with components of the vehicle over a net-
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work (e.g., a wireless network or a wired network). The
controller 202 can include hardware elements, such as one
Or more processors, logic devices, circuits, or memory.

[0040] The controller 202 can control the discharge of
current or energy of the battery 204. For example, the
controller 202 can be coupled (e.g., communicatively
coupled) with the battery 204. The controller 202 can
transmit control signals to the battery 204. The control
signals can cause the battery 204 to discharge or stop
discharging energy or current to the heating element 214 and
the lens 208 (e.g., the controller 202 can control the heating
clement 214 by discharging energy or current from the
battery 204 to or through the heating eclement 214). The
controller 202 can transmit a first control signal to the
battery 204 to cause the battery 204 to discharge energy
through the wires 218 to the heating element 214 and the
carbon nanotube layer 210. The controller 202 can transmit
a second control signal (e.g., after transmitting the first
control signal) to the battery 204 to stop the battery from
discharging energy or current to the heating element 214 and

carbon nanotube layer 210. Thus, the controller 202 can
control heating of the carbon nanotube layer 210.

[0041] The controller 202 can momitor the environment
surrounding the vehicle on which the controller 202 1s
located. For example, the controller 202 can monitor difler-
ent characteristics of the environment surrounding the
vehicle. Examples of such characteristics can include the
temperature, humidity, moisture (e.g., humidity in the air),
precipitation (e.g., snow, rain, or ice) and wind speed. The
controller 202 can monitor the characteristics by receiving
or polling sensors 222 (e.g., the sensors 180) of the vehicle
for values. The sensors 222 can transmit or send the values
of the characteristics the sensors respectively monitor to the
controller 202. The controller 202 can receirve and process
the values. Based on the wvalues, the controller 202 can
determine whether to discharge energy or current from the
battery 204 to the carbon nanotube layer 210.

[0042] The controller 202 can determine whether to dis-
charge energy or current from the battery 204 to the carbon
nanotube layer 210 based on values of characteristics of the
environment that the controller 202 recerves from the sen-
sors 222. For mstance, the controller 202 can compare the
values to one or more conditions (e.g., conditions stored in
memory). The conditions can include rules or thresholds.
The controller 202 can determine a condition 1s satisfied
based on a value of a characteristic satistying the rule or
threshold of the condition. In some cases, the controller 202
can determine a condition 1s satisiied responsive to detecting
moisture 1n the environment surrounding the vehicle.
Responsive to determining a condition 1s satisfied or respon-
sive to satisfaction of a condition, the controller 202 can
determine to discharge the battery 204 to modify heat of the
carbon nanotube layer 210 (e.g., determine to control the
heating element 214 to modity heat of the carbon nanotube

layer 210).

[0043] For example, the controller 202 can compare a
value mndicating an amount of moisture in the environment
surrounding the vehicle to a threshold. Responsive to deter-
mimng the value indicating the amount of moisture exceeds
the threshold, the controller 202 can determine the threshold
or a condition 1s satisfied. Responsive to determining the
threshold or condition 1s satisfied, the controller 202 can
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transmit a control signal to the battery 204 to cause the
battery 204 to discharge energy or current to the carbon
nanotube layer 210.

[0044] In another example, the controller 202 can detect
that the weather surrounding the vehicle 1s rain or snow.
Responsive to detecting the rain or snow weather, the
controller 202 can determine a condition 1s satisfied. The
controller 202 can transmit a control signal to the battery 204
to cause the battery 204 to discharge energy or current to the
carbon nanotube layer 210. The controller 202 can deter-
mine any number ol conditions are satisfied based on
readings from the sensors 222 and control discharge of the
battery 204 accordingly.

[0045] The controller 202 can discharge energy or current
from the battery 204 to the carbon nanotube layer 210 based
on characteristics of a surface of the vehicle. For example,
the controller 202 can receive data from the sensors 222
indicating there 1s an amount of pressure at the surface of the
vehicle exceeding a threshold or that there 1s moisture or
precipitation on a surface of the vehicle. Such readings can
indicate, for example, that there 1s rain or snow on the
vehicle. The controller 202 can compare the readings to
conditions 1n memory. The controller 202 can determine one
or more conditions are satisfied based on the readings.
Responsive to determining the one or more conditions are
satisfied, the controller 202 can transmit a control signal to
the battery 204 to cause the battery 204 to discharge energy
or current to the carbon nanotube layer 210. The controller
202 can determine any number of conditions are satisfied
based on readings from the sensors 222 and control dis-
charge of the battery 204 accordingly.

[0046] The controller 202 can discharge energy or current

from the battery 204 to the carbon nanotube layer 210 based
on conditions that include rules that are not related to
characteristics of the surface of the vehicle or the environ-
ment surrounding the vehicle. For example, a condition can
be satisfied at a current time of the day, a state of the vehicle
(e.g., the vehicle 1s on or is traveling at a certain velocity),
when a defined manual 1nput 1s received, a change 1n state
of the vehicle (e.g., when the vehicle turns on) or any other
rule. Conditions can be configured by a user. The controller
202 can determine when such conditions are satisfied and
discharge energy or current from the battery 204 responsive
to the satisfaction of the conditions.

[0047] The controller 202 can cause varying levels of
discharge of the battery 204 based on the conditions that are
satisfied. For example, the conditions can have a stored
association in memory of the controller 202 with percent-
ages or values of energy or current discharge from the
battery 204. The controller 202 can determine a condition 1s
satisfied and 1dentify a percentage or value that has a stored
association with the satisfied condition. The controller 202
can transmit a control signal to the battery 204 to cause the
battery 204 to discharge the 1dentified percentage or amount
of current (e.g., a defined amperage) or energy to the carbon
nanotube layer 210. The controller 202 can transmit a
control to the battery 204 to cause the battery 204 to
discharge the current or energy at a defined voltage. Such
can be useful for energy savings, for example. Satisfaction
of different conditions can indicate the carbon nanotube
layer 210 needs to be heated to varying temperatures (e.g.,
a snowy environment can correspond to a higher tempera-
ture than a rainy environment). Controlling the energy or
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current discharge of the battery 204 can enable the controller
202 to control the temperature of (e.g., modily heat of) the
carbon nanotube layer 210.

[0048] The controller 202 can monitor the temperature of
the carbon nanotube layer 210 or the layers of the lens 208
surrounding the carbon nanotube layer 210. For example, a
thermocouple 224 can be coupled with the carbon nanotube
layer 210. The thermocouple 224 can be coupled with the
carbon nanotube layer 210 at the contact points 216, at any
other location of the carbon nanotube layer 210, or at the
heating element 214. The thermocouple 224 can be used to
monitor the temperature of the carbon nanotube layer 210.
For example, the thermocouple 224 can measure the tem-
perature at the contact points 216 or at any other points of
the carbon nanotube layer 210. The thermocouple 224 can
additionally or instead measure the temperature of the layers
(e.g., the layer 212) surrounding the carbon nanotube layer
210. The thermocouple 224 can do so by measuring a
temperature-dependent voltage at the contact points 216 or
at the points of the carbon nanotube layer 210 or other layers
to which the thermocouple 224 1s coupled. The thermo-
couple 224 can transmit the measured temperature or tem-
perature-dependent voltage to the controller 202. The ther-
mocouple 224 can transmit the measurements to the
controller 202 periodically over time or upon receipt of a
request for measurements from the controller 202. The
controller 202 can receive or read the temperature (e.g., the
measured or monitored temperature) or temperature-depen-
dent voltage. The controller 202 can determine whether to
adjust current or energy discharge of the battery 204 (e.g.,
determine how to control the heating element 214) based on
the temperature or temperature-dependent voltage.

[0049] In another example, other temperature sensors can
be used to measure the temperature of the carbon nanotube
layer 210 or the lens 208. Such temperature sensors can
measure the temperature and transmit the measurements to
the controller 202. Accordingly, the controller 202 can
monitor the temperature of the carbon nanotube layer 210
via the thermocouple 224 or other temperature sensors.

[0050] The controller 202 can control the discharge of
energy or current of the battery 204 based on the temperature
measurements the controller 202 receives. For example, the
controller 202 can store a temperature (e.g., a defined or
predetermined temperature). The temperature can be a target
temperature or a setpoint. The controller 202 can discharge
energy or current from the battery 204 to the carbon nano-
tube layer 210. Energy or current can cause the carbon
nanotube layer 210 or the layers (e.g., the layer 212) of the
lens 208 surrounding the carbon nanotube layer 210 to heat
up or increase in temperature or decrease in temperature.
The controller 202 can poll or receive temperature measure-
ments from the thermocouple 224 or another temperature
sensor for the carbon nanotube layer 210 or the layers of the
lens 208 surrounding the carbon nanotube layer 210. The
controller 202 can compare the received temperatures to the
target temperature as the controller 202 receives the tem-
peratures. Upon receiving a temperature that matches or
exceeds the target temperature, the controller 202 can trans-
mit a control signal to the battery 204 to stop or reduce
discharge of energy or current from the battery 204. Accord-
ingly, the controller 202 can heat the carbon nanotube layer
210 and the lens 208 while avoiding overheating the carbon
nanotube layer 210 or the lens 208. The controller 202 can
do so while conserving energy resources of the battery 204.
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[0051] The controller 202 can transmit a control signal to
the battery 204 to cause the battery 204 to discharge energy
or current to the carbon nanotube layer 210 to remain at the
target temperature (e.g., remain at the target temperature for
a predetermined amount of time or until detection of an
event that indicates to stop discharging energy or current to
the carbon nanotube layer 210). For example, the controller
202 can receive measurecments ol temperature from the
thermocouple 224 or temperature sensor over time. The
controller 202 can compare the measurements to the target
temperature. Responsive to determining the temperature 1s
below the target temperature, the controller 202 can transmit
a control signal to the battery 204 to discharge more energy
or current to the carbon nanotube layer 210. Responsive to
determining the temperature 1s at or above the target tem-
perature, the controller 202 can transmit a control signal to

the battery 204 to stop or reduce energy or current discharge
from the battery 204.

[0052] The target temperature can vary depending on the
condition that the controller 202 determines 1s satisfied. For
example, conditions can have stored associations 1n memory
of the controller 202 with different target temperatures for
the carbon nanotube layer 210 or the lens 208. The controller
202 can determine a condition is satisfied and identity a
target temperature based on the target temperature having a
stored association with the satisfied condition 1n memory.
The controller 202 can transmit a control signal to the
battery 204 to cause the battery 204 to discharge current or
energy to the carbon nanotube layer 210. The controller 202
can receive temperature measurements for the carbon nano-
tube layer 210 or the lens 208. The controller 202 can
compare the received temperature measurements to the
identified target temperature. Upon determining the carbon
nanotube layer 210 or the lens 208 1s at the target tempera-
ture, the controller 202 can transmit a control signal to the
battery 204 to stop discharging energy to the carbon nano-
tube layer 210 or to maintain the target temperature.

[0053] The controller 202 can transmit a control signal to
the battery 204 to cause the battery 204 to discharge energy
or current to the carbon nanotube layer 210 for a predeter-
mined amount of time. For example, the controller 202 can
store a predetermined amount of time 1 memory. Upon
determining a condition 1s satisfied, the controller 202 can
transmit a control signal to the battery 204 to cause the
battery to discharge energy or current to the carbon nanotube
layer 210 for the predetermined amount of time or for the
carbon nanotube layer 210 or the lens 208 to remain at a
target temperature for the predetermined amount of time.
For instance, the controller 202 can determine a condition 1s
satisfied responsive to determining a vehicle has turned on
or 1s has entered a pre-heating state. Responsive to deter-
mining the condition 1s satisfied, the controller 202 can
control the battery 204 to discharge energy or current to the
carbon nanotube layer 210 for a predetermined amount of
time and then stop discharging energy or current. The
controller 202 can cause the battery 204 to stop discharging
energy responsive to determiming the vehicle has changed to
a driving state. Accordingly, the controller 202 can limit the
amount of energy the battery 204 uses to heat the carbon
nanotube layer 210.

[0054] The predetermined amount of time can vary
depending on the condition that the controller 202 deter-
mined to be satisfied. For example, the controller 202 can
store associations between different predetermined amounts
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of time and conditions 1n memory. Responsive to determin-
ing a condition 1s satisiied, the controller 202 can 1dentily
the predetermined amount of time that has a stored associa-
tion with the satisfied condition 1n memory. Accordingly, the
controller 202 can selectively control the amount of energy
that 1s used to modily heat of the carbon nanotube layer 210.

[0055] For example, the controller 202 can receive mea-
surements of temperature from a thermocouple or tempera-
ture sensor over time. The controller 202 can compare the
measurements to the target temperature. Responsive to
determining the temperature 1s below the target temperature,
the controller 202 can transmit a control signal to the battery
204 to discharge more energy or current to the carbon
nanotube layer 210. Responsive to determining the tempera-
ture 1s at or above the target temperature, the controller 202
can transmit a control signal to the battery 204 to stop or
reduce energy or current discharge from the battery 204.

[0056] The controller 202 can transmit a control signal to
the battery 204 to cause the battery 204 to discharge energy
or current to the carbon nanotube layer 210 until detecting
an event. For example, the controller 202 can store different
events 1n memory. Examples of stored events can be deter-
mimng the temperature of the carbon nanotube layer 210 or
the lens 208 reached a target temperature (e.g., based on a
temperature measurement from the thermocouple 224), the
vehicle has switched mto a drnive gear, mode or state, a
predetermined amount of time has ended, no moisture or
precipitation 1s detected by a sensor (e.g., no moisture or
precipitation 1s detected in the environment, on the surface
of the vehicle, or on the surface of the lens 208), or for a
predetermined amount of time. Upon determining satisfac-
tion of an event, the controller 202 can transmit a control
signal to the battery 204 to stop discharging current or
energy to the carbon nanotube layer 210.

[0057] FIG. 3 depicts an example lens 300, 1n accordance
with some implementations. FIG. 3 depicts a cross-sectional
view ol the lens 300. The lens 300 can be the same as or
similar to the lens 208. The lens 300 can include a material
layer 302, a carbon nanotube layer 304, and a material layer
306. Each of the layers 302-306 can have any density or
thickness. The matenial layer 302 can be a first layer of a
material. The material layer 306 can be a second layer of a
material. The material layers 302 and 306 can each be or
include a transparent or translucent material. Examples of
such a transparent or translucent material can include poly-
carbonate, glass, acrylic, polymethal methacrylate, and
xenoy. The material layer 302 and 306 can be or include the
same material or different materials. In one example, the
material layer 302 can be a first layer of polycarbonate and
the material layer 306 can be a second layer of polycarbon-
ate. The lens 300 can include only a single material layer 302
or 306 on or coupled with the carbon nanotube layer 304.
The carbon nanotube layer 304 can be between the material
layers 302 and 306. The carbon nanotube layer 304 can be
a layer of one or more carbon nanotubes. The layers 302-306
can be transparent or translucent to facilitate light passing
through the lens 300, such as light of a headlamp directed
away Irom a vehicle to improve wvisibility. The carbon
nanotube layer 304 can modity heat of the material layer 302
or the material layer 306 by conducting current from a
heating element (e.g., the heating element 214).

[0058] The carbon nanotube layer 304 can be attached or
coupled to all or a portion of the material layer 302 or the
material layer 306. For example, the carbon nanotube layer
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304 can only be coupled to a portion of the maternal layer
302 or the material layer 306. Such can be advantageous, for
example, to reduce costs of parts or to reduce the weight of
the lens 300. The carbon nanotube layer 304 can be coupled
to any percentage or portion of the material layer 302 or the
material layer 306.

[0059] The carbon nanotube layer 304 can vary in density
or thickness at different locations of the lens 300. For
example, different portions of the carbon nanotube layer 304
can have higher density (e.g., number of carbon nanotubes
in a particular area or volume of the carbon nanotube layer
304) or thickness, such as at locations of the lens 300
through which light 1s configured to pass through (e.g., as
coupled to a vehicle or other components of a headlamp).
Other portions of the carbon nanotube layer 304 can have a
lower density or thickness, such as at areas through which
light 1s not configured to pass. For example, the area of the
lens 300 through which a low-beam light of a headlamp 1s
configured to pass can have a higher density carbon nano-
tube layer 304 than other portions of the lens 300. The higher
density or thickness of the carbon nanotube layer 304 can
facilitate faster heating of the lens 300 at the areas contacting
the higher density or thickness portions. The carbon nano-
tube layer 304 can be one or more sheets of carbon nano-
tubes. The carbon nanotube layer 304 can cover the entire
surtace of the lens 300 or more or less than a substantial
portion (e.g., more or less than 50%) of the lens 300.

[0060] FIG. 4 depicts an example headlamp 400, 1n accor-
dance with some implementations. The headlamp 400 can be
the same as or similar to the headlamp 206. The headlamp
400 can include a shell 402, a carbon nanotube layer 404,
and a heating element 406. The shell 402 can be or include
a material that 1s configured to house or otherwise hold a
lens (e.g., the lens 208) 1n place. The lens can include the
carbon nanotube layer 404 coupled or in contact with a layer
ol another material of the lens. The shell 402 can be a shell
of a vehicle (e.g., the vehicle 105). The carbon nanotube
layer 404 can be the same as or similar to the carbon
nanotube layer 210. The heating element 406 can be a
busbar, wire, or another conductor. The heating element 406
can be the same as or similar to the heating element 214. The
heating element 406 can connect or couple with a battery
(e.g., the battery 204) through one or more conductors or
wires. The heating element 406 can contact (e.g., thermally
couple) the carbon nanotube layer 404. The battery can
discharge energy or current through the heating element 406.
The heating element 406 can conduct the energy or current
to the carbon nanotube layer 404. The carbon nanotube layer
404 can conduct the energy or current, causing the carbon
nanotube layer 404 to heat up or otherwise increase in
temperature. The carbon nanotube layer 404 can transier
heat to another layer of the lens, thus causing the lens to
increase or decrease in temperature.

[0061] As shown in FIG. 4, the heating element 406 can
include an elongated portion that surrounds or that 1s oth-
erwise on the outside of the carbon nanotube layer 404. The
heating element 406 can be located underneath the shell
while contacting the carbon nanotube layer 404. Thus, the
heating element 406 can contact the carbon nanotube layer
404 without blocking light from a lightbulb of the headlamp
400.

[0062] FIG. 5 depicts the headlamp 400, 1n accordance
with some implementations. As illustrated in FIG. 5, the
headlamp 400 can include contact points 502 and traces 504.
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The contact points 502 and the traces 508 can be a part of
the heating element 406. The contact points 302 can be
configured to couple to the battery to receive energy or
current. The energy or current can travel through the contact
points 302 through the traces 508 to the heating element 406.

[0063] FIG. 6 depicts an example headlamp 600, 1n accor-
dance with some implementations. The headlamp 600 can
include a shell 602, a lens 604, and a stadium 606. The
headlamp 600 can be aflixed to a vehicle (e.g., the vehicle
105) through the shells 602. The stadium 606 can be stadium
shaped. The stadium 606 can include a heating element 608,
a bulb 610, and peripheral lights 612 (e.g., one or more
peripheral lights). The headlamp 600 can be the same as or
similar to the headlamp 400. The headlamp 600 can be the
stadium 606 and the lens 604. The shell 602 can be a housing
for the lens 604 and the stadium 606. The lens 604 can be
a transparent material that includes at least one carbon
nanotube layer. The lens 604 can be coupled or athxed with
an outer edge 614 of the stadium 606. The heating element
608 can be coupled or aflixed with the outer edge 614 of the
stadium 606. The heating element 608 can be coupled or
aflixed to the lens 604 or the stadium 606 to surround the
bulb 610. The heating element 606 can be connected or
coupled (e.g., thermally coupled) with the carbon nanotube
layer of the lens 604. The heating element 606 can transier
heat or electricity to the carbon nanotube layer. The carbon
nanotube layer can transier the heat to the other material of
the lens 604, thus heating or modifying the heat of the lens
604. The bulb 610 can include multiple (e.g., four) lights 616
(e.g., additional lights). The lens 604 can be between the
lights 616 and an environment surrounding a vehicle to
which the headlamp 600 1s coupled or attached. The lights
616 can emit light through the lens 604 to the environment.

[0064] FIG. 7 depicts an example method 700 for heating
a lens, 1n accordance with some implementations. The
method 700 can be performed by one or more components
depicted 1n the system 200 or the controller 202 of FIG. 2.
For example, the method 700 can be performed by a data

processing system (e.g., the controller 202, shown and
described with reference to FIG. 2). The method 700 can

include monitoring a condition (ACT 702). The method 700
can include determining satisfaction of the condition (ACT
704). The method 700 can include heating a carbon nano-

tube layer (ACT 706).

[0065] At ACT 702, the method 700 can mclude moni-
toring a condition. The controller 202 can monitor condi-
tions that the controller 202 has stored in memory. The
conditions can correspond to values of different character-
istics of an environment surrounding a vehicle or charac-
teristics of a surface of the vehicle. The conditions can
include one or more rules or thresholds. The controller 202
can receive values of the characteristics of the environment
surrounding the vehicle or characteristics of the surface of
the vehicle. The controller 202 can receive the values from
sensors 1nside or otherwise attached to the vehicle that are
configured to measure such values. The sensors can generate
or measure the values of the different characteristics and
transmit the measurements to the controller 202. The con-
troller 202 can receive the measurements and compare the
measurements to the conditions that correspond to the
measurements.

[0066] At ACT 704, the method 700 can include deter-
mimng satisfaction of the condition. The controller 202 can
determine satisfaction of the condition based on a compari-
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son between a measured value and the condition. For
example, the controller 202 can receive a value of a pre-
cipitation content at a surface of the vehicle from a sensor.
The controller 202 can compare the value to a threshold of
the condition. The controller 202 can determine the condi-
tion 1s satisfied (e.g., satisfaction of the condition) respon-
s1ve to the value exceeding the threshold. The controller 202
can similarly determine satistaction of any other conditions.

[0067] At ACT 706, the method 700 can include heating a
carbon nanotube layer. The carbon nanotube layer can be a
layer of a lens. The lens can be integrated into the vehicle
(e.g., the lens can be a lens of a headlamp, a break light, a
turn signal, a windshield, or a mirror). The controller can
heat the carbon nanotube layer responsive to satistaction of
the condition (e.g., responsive to determining satisfaction of
the condition).

[0068] The controller 202 can heat the carbon nanotube
layer of the lens through a battery coupled with the carbon
nanotube layer. For example, the carbon nanotube layer can
be coupled (e.g., thermally coupled) to or connected to a
heating element (e.g., a wire or another other conductor).
The battery can be connected to the heating element, such as
through a wire or another conductor. The controller 202 can
transmit a signal (e.g., a control signal) to the battery. The
signal can cause the battery to discharge or direct current or
energy through the heating element and the carbon nanotube
layer. The energy or current can heat the carbon nanotube
layer. The heat from the carbon nanotube layer can transfer
to the other layers of the lens. Accordingly, the controller
202 can heat the carbon nanotube layer and lens by con-
trolling the discharge of energy or current from the battery.

[0069] FIG. 8 depicts an example method 800 for heating
a lens, 1 accordance with some 1mplementations. The
method 800 can be performed by one or more components
depicted 1n the system 200 or the controller 202 of FIG. 2.
For example, the method 800 can be performed by a data

processing system (e.g., the controller 202, shown and
described with reference to FIG. 2). The method 800 can

include monitoring a condition (ACT 802). The method 800
can include determining whether the condition 1s satisfied
(ACT 804). The method 800 can include transmitting a
signal (ACT 806). The method 800 can include directing
current (ACT 808).

[0070] The method 800 can include monitoring loads
(ACT 802). The controller 202 can monitor conditions that
the controller 202 has stored 1n memory. The conditions can
correspond to values of diflerent characteristics of an envi-
ronment surrounding a vehicle or characteristics of a surface
of the vehicle. The conditions can include one or more rules
or thresholds. The controller 202 can receive values of the
characteristics of the environment surrounding the vehicle or
characteristics of the surface of the vehicle. The controller
202 can recerve the values from sensors inside or otherwise
attached to the vehicle that are configured to measure such
values. The sensors can generate or measure the values of
the different characteristics and transmit the measurements
to the controller 202. The controller 202 can receive the
measurements and compare the measurements to the con-
ditions that correspond to the measurements.

[0071] The method 800 can include determining whether
any conditions are satisfied (ACT 804). The controller 202
can compare the measurements of the characteristics of the
environment surrounding the vehicle or surface of the
vehicle to the stored conditions. In doing so, the controller
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202 can i1dentify conditions that correspond to the different
types of characteristics or measurements. The controller 202
can compare measurements to the corresponding i1dentified
conditions. Based on the comparisons, the controller 202 can
determine 1f any of the conditions are satisfied. Responsive
to determining none of the conditions are satisfied, the
controller 202 can return to ACT 802. The controller 202 can
repeat the ACTs 802 and 804 over time until determining at
least one condition 1s satisfied based on a measured value of
a characteristic of the environment surrounding the vehicle
or the surface of the vehicle.

[0072] The method 800 can include transmitting a signal
(ACT 806). The controller 202 can transmit the signal
responsive to determining at least one condition 1s satisfied
at AC'T 804. The controller 202 can transmit a signal to the
battery. The controller 202 can transmit the signal to the
battery over a wired or wireless network. The signal can be
a control signal that 1s configured to cause the battery 204 to
discharge energy or current. The battery can receive the
signal from the controller 202.

[0073] The method 800 can include directing current
(ACT 808). The battery 204 can direct current or energy in
response to recerving the signal from the controller 202. The
battery can direct current or energy to a heating element. The
heating element can be coupled (e.g., thermally coupled),
attached, or contacting a carbon nanotube layer of a lens of
the vehicle. The current or energy can travel through the
heating element to or through the carbon nanotube layer. The
current or energy can modily heat of (e.g., increase or
decrease 1n temperature) the heating element or carbon
nanotube layer. The increase in temperature of the carbon
nanotube layer can cause the layers of the lens surrounding,
or otherwise contacting the carbon nanotube layer to
increase or decrease 1n temperature. Thus, any precipitation
on the lens can dissipate or slide off of the lens.

[0074] FIG. 9 depicts an example block diagram of the
controller 202, in accordance with some 1mplementations.
The controller 202 can include or be used to implement an
clectronic control unit (e.g., a data processing system) or 1ts
components. The controller 202 can include at least one bus
905 or other communication component for communicating
information and at least one processor 910 or processing
circuit coupled to the bus 9035 for processing information.
The controller 202 can also 1include one or more processors
910 or processing circuits coupled to the bus for processing
information. The controller 202 can also include at least one
main memory 915, such as a random access memory (RAM)
or other dynamic storage device, coupled to the bus 903 for
storing information, and 1nstructions to be executed by the
processor 910. The main memory 915 can be used for
storing 1information during execution of instructions by the
processor 910. The controller 202 can further include at least
one read only memory (ROM) 920 or other static storage
device coupled to the bus 905 for storing static information
and 1nstructions for the processor 910. A storage device 925,
such as a solid state device, magnetic disk or optical disk,
can be coupled to the bus 905 to persistently store informa-
tion and 1nstructions.

[0075] The controller 202 can be coupled via the bus 905
to a display 935, such as a liquid crystal display, or active
matrix display, for displaying information to a user such as
a driver of the vehicle 105 or other end user. An 1input device
930, such as a keyboard or voice interface can be coupled to
the bus 905 for communicating information and commands
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to the processor 910. The mput device 930 can include a
touch screen display 935. The mput device 930 can also
include a cursor control, such as a mouse, a trackball, or
cursor direction keys, for communicating direction informa-
tion and command selections to the processor 910 and for
controlling cursor movement on the display 9385.

[0076] The processes, systems and methods described
herein can be implemented by the controller 202 1n response
to the processor 910 executing an arrangement of nstruc-
tions contained in main memory 9135. Such nstructions can
be read mto main memory 915 from another computer-
readable medium, such as the storage device 925. Execution
of the arrangement of instructions contamned 1n main
memory 915 causes the controller 202 to perform the
illustrative processes described herein. One or more proces-
sors 1 a multi-processing arrangement can also be
employed to execute the instructions contained in main
memory 9135. Hard-wired circuitry can be used 1n 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.

[0077] Although an example computing system has been
described 1n FIG. 9, the subject matter including the opera-
tions described 1n this specification can be implemented in
other types of digital electronic circuitry, or in computer
software, firmware, or hardware, including the structures
disclosed 1n this specification and their structural equiva-
lents, or 1n combinations of one or more of them.

[0078] Although an example computing system has been
described 1n FI1G. 9, the subject matter including the opera-
tions described 1n this specification can be implemented in
other types of digital electronic circuitry, or in computer
software, firmware, or hardware, including the structures
disclosed 1n this specification and their structural equiva-
lents, or 1n combinations of one or more of them.

[0079] Some of the description herein emphasizes the
structural mndependence of the aspects of the system com-
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 1n hardware or as
computer nstructions on a non-transient computer readable
storage medium, and modules can be distributed across
various hardware or computer based components.

[0080] 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 1n 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 1n 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 1n any byte code language such as JAVA. The
soltware programs or executable instructions can be stored
on or 1n one or more articles of manufacture as object code.

[0081] Example and non-limiting module implementation
clements include sensors providing any value determined
herein, sensors providing any value that 1s a precursor to a
value determined herein, datalink or network hardware
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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 1n 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.

[0082] The subject matter and the operations described 1n
this specification can be implemented 1n digital electronic
circuitry, or in computer soiftware, firmware, or hardware,
including the structures disclosed 1in this specification and
their structural equivalents, or 1n combinations of one or
more of them. The subject matter described 1n this specifi-
cation can be implemented as one or more computer pro-
grams, €.g., one or more circuits ol computer program
istructions, 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-
crated propagated signal, e.g., a machine-generated electri-
cal, optical, or electromagnetic signal that 1s 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 1n, 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 1s 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 1nclude cloud storage). The operations
described in this specification can be implemented as opera-
tions performed by a data processing apparatus on data
stored on one or more computer-readable storage devices or
received from other sources.

[0083] 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.

[0084] A computer program (also known as a program,
soltware, software application, app, script, or code) can be
written 1n any form of programming language, including
compiled or interpreted languages, declarative or procedural
languages, and can be deployed 1n any form, imncluding as a
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stand-alone program or as a module, component, subroutine,
object, or other unit suitable for use 1 a computing envi-
ronment. A computer program can correspond to a file 1n a
file system. A computer program can be stored 1n a portion
of a file that holds other programs or data (e.g., one or more
scripts stored in a markup language document), 1n a single
file dedicated to the program in question, or i 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.

[0085] The processes and logic tlows described 1n this
specification can be performed by one or more program-
mable processors executing one or more computer programs
to perform actions by operating on imput 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
istructions and data can include non-volatile memory,
media and memory devices, mcluding 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 1n, special
purpose logic circuitry.

[0086] The subject matter described herein can be imple-
mented 1 a computing system that includes a back end
component, €.g., as a data server, or that includes a middle-
ware component, €.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 1n this specification, or a combination of
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, €.g., a communication network. Examples of com-
munication networks include a local area network (“LAN)
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).

[0087] While operations are depicted 1n the drawings 1n a
particular order, such operations are not required to be
performed in the particular order shown or 1 sequential
order, and all illustrated operations are not required to be
performed. Actions described herein can be performed 1n a
different order.

[0088] Having now described some 1llustrative implemen-
tations, 1t 1s apparent that the foregoing 1s 1llustrative 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 can be combined 1n
other ways to accomplish the same objectives. Acts, ele-
ments and features discussed in connection with one 1mple-
mentation are not intended to be excluded from a similar role
in other implementations or implementations.

[0089] The phraseology and terminology used herein 1s for
the purpose of description and should not be regarded as
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limiting. The use of “including” “comprising” “having”
“containing’” “involving” “characterized by” “characterized
in that” and variations thereol herein, 1s meant to encompass
the 1tems listed thereafter, equivalents thereof, and addi-
tional items, as well as alternate implementations consisting,
of the i1tems 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.

[0090] Any references to implementations or elements or
acts of the systems and methods herein referred to in the
singular can also embrace implementations including a
plurality of these elements, and any references 1n plural to
any 1mplementation or element or act heremn may also
embrace implementations mcluding only a single element.
References 1n 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 iclude implementations
where the act or element 1s based at least in part on any
information, act, or element.

[0091] Any implementation disclosed herein may be com-
bined with any other implementation or embodiment, and
references to “an implementation,” “some i1mplementa-
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 1n at
least one 1mplementation or embodiment. Such terms as
used herein are not necessarily all referring to the same
implementation. Any 1mplementation may be combined
with any other implementation, inclusively or exclusively, in
any manner consistent with the aspects and implementations
disclosed herein.

[0092] 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.
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 1n conjunction with “comprising” or other open termi-
nology can include additional items.

[0093] 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.

[0094] Modifications of described elements and acts such
as varniations 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
varted. Other substitutions, modifications, changes and
omissions can also be made in the design, operating condi-
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tions and arrangement of the disclosed elements and opera-
tions without departing from the scope of the present dis-
closure.

[0095] For example, descriptions of positive and negative
clectrical characteristics may be reversed. Elements
described as negative elements can instead be configured as
positive elements and elements described as positive ele-
ments can instead by configured as negative elements. For
example, elements described as having first polarity can
instead have a second polarity, and elements described as
having a second polarity can instead have a first polarity.
Further relative parallel, perpendicular, vertical or other
positioning or orientation descriptions include variations
within +/-10% or +/-10 degrees of pure vertical, parallel or
perpendicular positioning. References to “approximately,”
“substantially” or other terms of degree include vanations of
+/—-10% from the given measurement, unit, or range unless
explicitly indicated otherwise. Coupled elements can be
clectrically, mechamically, or physically coupled with one
another directly or with intervening elements. Scope of the
systems and methods described herein 1s 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.

1. A system, comprising;
a lens comprising a carbon nanotube layer; and

the carbon nanotube layer configured to thermally couple
with a heating element coupled to the carbon nanotube
layer at an outside edge of the lens to surround the lens
at a location between the lens and a shell of a vehicle.

2. The system of claim 1, comprising:
a thermocouple to monitor a temperature of the lens; and

the heating element controlled based on the monitored
temperature of the lens.

3. The system of claim 1, comprising:

a thermocouple to monitor a temperature of the carbon
nanotube layer; and

the heating element 1s controlled based on the monitored
temperature of the carbon nanotube layer.

4. The system of claim 1, comprising;

the carbon nanotube layer between a first layer compris-
ing {irst polycarbonate and a second layer comprising
second polycarbonate; and

the carbon nanotube layer 1s configured to modify heat of
the first layer and the second layer by conducting
current from the heating element.

5. The system of claim 1, comprising:
a controller to:
monitor a surface of a vehicle for precipitation; and

modity heat of the carbon nanotube layer 1n response to
detection of precipitation on the surface.

6. The system of claim 1, comprising:
a controller to:
monitor an environment surrounding a vehicle; and

modily heat of the carbon nanotube layer 1n response to
detecting precipitation 1n the environment.

7. The system of claim 1, comprising:
a controller to:
monitor a pressure at a surface of a vehicle; and

modity heat of the carbon nanotube layer 1n response to
detection that the pressure at the surface of the
vehicle exceeds a threshold.
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8. The system of claim 1, comprising:
the lens 1ntegrated 1nto a headlamp of a vehicle;
the headlamp comprising a stadium shape, and
the headlamp includes:
one or more peripheral lights, and
a plurality of additional lights.
9. The system of claim 1, comprising:
the lens integrated 1nto a headlamp of a vehicle; and
the headlamp includes:
a plurality of lights, and
the lens between the plurality of lights and an environ-
ment surrounding the vehicle.

10. The system of claim 1, comprising:

the lens integrated into a headlamp, a tail light, a turn
signal, a mirror, a windshield, or a window of a vehicle.

11. The system of claim 1, comprising:

a controller to modify heat of the carbon nanotube layer

to cause the lens or the carbon nanotube layer to reach
a predetermined temperature.

12. The system of claim 1, wherein the carbon nanotube

layer 1s transparent to allow light to pass through the lens.

13. The system of claim 1, comprising:

the carbon nanotube layer between a first layer of poly-
carbonate and a second layer of polycarbonate;

a battery coupled with the carbon nanotube layer via a
conductor;

the conductor contacting the carbon nanotube layer via a
busbar:

a controller coupled with the battery; and

the controller to cause the battery to heat the carbon
nanotube layer through the conductor and the busbar.

14. A vehicle, comprising:

a lens, the lens comprising a carbon nanotube layer; and

the carbon nanotube layer configured to thermally couple
with a heating element coupled to the carbon nanotube

layer at an outside edge of the lens to continuously
surround the lens at a location between the lens and a

shell of the vehicle.

11

Dec. 26, 2024

15. The vehicle of claim 14, comprising;:
the carbon nanotube layer between a first layer compris-
ing first polycarbonate and a second layer comprising,
second polycarbonate; and
the carbon nanotube layer 1s configured to modify heat of
the first layer and the second layer by conducting
current from the heating element.
16. The vehicle of claim 14, comprising;:
a controller to:
monitor a characteristic of an environment surrounding
the vehicle; and
modily heat of the carbon nanotube layer 1n response to
determining the characteristic satisfies a condition.
17. The vehicle of claim 14, comprising:
a controller to:
monitor an environment surrounding a vehicle; and
modity heat of the carbon nanotube layer 1n response to
detecting precipitation in the environment.
18. The vehicle of claim 14, comprising;:
the lens integrated into a headlamp of the vehicle; and
the headlamp includes:
a plurality of lights, and
the lens between the plurality of lights and an environ-
ment surrounding the vehicle.
19. A method, comprising:
monitoring, by a processor, a condition;
determining, by the processor, satisfaction of the condi-
tion; and
responsive to the satisfaction of the condition, heating, by
the processor, a carbon nanotube layer of a lens by
applying an electric current to a heating clement
coupled to the carbon nanotube layer at an outside edge
of the lens to continuously surround the lens at a
location between the lens and a shell of a vehicle.
20. The method of claim 19, comprising:
transmitting, by the processor, a signal to a battery of a
vehicle, the signal causing the battery to direct current
through the carbon nanotube layer.
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