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LIGHTING CONTROL FOR A COMPUTER ASSISTED VEHICLE
Field

Embodiments of the present disclosure relate generally to the technical field of
computer assisted or autonomous driving vehicles, and more particularly to lighting
control for a computer assisted vehicle.

Background

The background description provided herein is for the purpose of generally
presenting the context of the disclosure. Unless otherwise indicated herein, the materials
described in this section are not prior art to the claims in this application and are not
admitted to be prior art by inclusion in this section.

A vehicle, such as a car, truck, or cart, may move or transport people or goods,
especially on land, from one location to another. A car or a vehicle may be used
interchangeably herein. A vehicle often has various kinds of lighting devices to emit light
to assist the driving. However, light emitted from a lighting device of one vehicle may
create a glare or danger to a driver of another vehicle. For example, a high intensity light
from a high intensity discharge (HID) lamp on one vehicle may generate a glare to a
driver through a side mirror of a vehicle in an opposite direction, which may make the
driver to have impaired vision. According to National Highway Traffic Safety
Administrator (NHTSA) statistics, 17% of crashes with environmental causes have been
caused by vehicle light glare. The danger caused by glare of vehicle light may be
worsened with advancement in vehicular technologies. For example, there may be a
significant increase in intensity of light emitted by a lighting device of a vehicle.
Additional lighting devices, such as extra light-emitting diode (LED) lighting devices,
may be more widely used in vehicles with increased glare. A higher vehicle, ¢.g. a sport
utility vehicle (SUV), driving behind a sedan may emit light at a same height as an eye
level of a driver for the sedan, causing direct glare to the driver. Morcover, with the
increase of the number of vehicles on the road, in a heavy traffic zone, there may be more
vehicles that may emit lights to create more impact on each other vehicle.

Currently, a vehicle may adjust its lighting devices to emit light with different
characteristics according to a day/night time. However, a vehicle does not adjust or adapt
lighting devices on the vehicle to emit lights with different characteristics according to the
environment the vehicle is in, where the environment may include more factors than just

a day/might time. For example, the lighting devices of a vehicle may emit light with a
1



WO 2018/176362

10

15

20

25

30

PCT/CN2017/078947

same characteristic, e.g., a light intensity, during an entire trip at night, regardless of other
vehicles or street lights around the vehicle along the way.
Brief Description of the Drawings

Embodiments will be readily understood by the following detailed description in
conjunction with the accompanying drawings. To facilitate this description, like
reference numerals designate like structural elements. Embodiments are illustrated by
way of example and not by way of limitation in the figures of the accompanying
drawings.

Figure 1 illustrates an example computer assisted system of lighting control for a
computer assisted vehicle that may adjust a lighting device of the vehicle to emit lights
with different characteristics, in accordance with various embodiments.

Figure 2 illustrates an example correlation between a wavelength of a light and an
intensity of the light for a computer assisted system of lighting control for a computer
assisted vehicle, in accordance with various embodiments.

Figure 3 illustrates an example computer assisted system of lighting control for a
computer assisted vehicle that may adjust a lighting device of the vehicle to emit lights
with different characteristics according to a light received from a lighting device of
another vehicle, in accordance with various embodiments.

Figure 4 illustrates an example computer assisted vehicle with a computer
assisted system of lighting control that may adjust a lighting device of the vehicle to emit
lights with different characteristics according to a light received from a lighting device of
another vehicle in various locations, in accordance with various embodiments.

Figure 5 illustrates another example computer assisted vehicle with a computer
assisted system of lighting control that may adjust a lighting device of the vehicle to emit
lights with different characteristics according to a light received from a stationary non-
natural light source or from a lighting device of another vehicle, in accordance with
various embodiments.

Figure 6 illustrates an example process performed by a computer assisted system
of lighting control for a computer assisted vehicle that may adjust a lighting device of the
vehicle to emit lights with different characteristics, in accordance with various
embodiments.

Figure 7 illustrates an example system suitable for use to practice various aspects

of the present disclosure, in accordance with various embodiments.
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Figure 8 illustrates a storage medium having instructions for practicing methods

described with references to Figures 1-7, in accordance with various embodiments.
Detailed Description

The glare of vehicle light may cause danger and safety concerns to drivers. A
computer assisted system of lighting control for a computer assisted vehicle may adjust a
lighting device of the vehicle to emit lights with different characteristics in real time
depending on the environment and the surroundings of the wvehicle, where the
environment may include more factors than just a day/night time. A computer assisted
system of lighting control for a computer assisted vehicle may consider a driver’s
preference about the light for driving, in addition to the impact to other drivers, and lights
received from external non-natural light sources, ¢.g., artificial light sources. The
computer assisted system of lighting control for a computer assisted vehicle may be
facilitated by communications between vehicles and smart devices, e.g. smart street
lights, within the proximity of the vehicle. Using sensors and transmitters/receivers, a
computer assisted system of lighting control for a computer assisted vehicle may consider
the impact of other vehicles and ambient lights from non-natural light sources along the
street in the proximity and connected or communicating to the vehicle. A computer
assisted system of lighting control for a computer assisted vehicle may reduce the glare
and blindness to others drivers while creating a similar lighting condition along the way
for the driver of the computer assisted vehicle. In addition, the cost of using light sensors
in implementing a computer assisted system of lighting control for a computer assisted
vehicle may be nominal. For example, a vehicle may have smart cameras installed for
other monitor purposes, while smart cameras may be enhanced to read an intensity or a
luminosity of lights received from other vehicles and provide inputs for the computer
assisted system of lighting control. Embodiments herein with a computer assisted system
of lighting control for a computer assisted vehicle may also enhance the adaptive
dimming mirror technology. A computer assisted vehicle and an autonomous driving
vehicle may be used interchangeably herein, and may include vehicles with or without a
driver.

In embodiments, a computer assisted vehicle may include a lighting device on the
vehicle, a sensor on the vehicle to receive a light from a non-natural light source external
to the vehicle, and a computer assisted or autonomous driving system on the vehicle,

coupled to the lighting device and the sensor. The lighting device on the vehicle may
3
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emit a light with a first characteristic. The computer assisted or autonomous driving
system may obtain a second characteristic of the non-natural light received by the sensor
from the non-natural light source external to the vehicle. Based on the second
characteristic of the light received, the computer assisted or autonomous driving system
may adjust the lighting device on the vehicle to emit a light with a third characteristic
different from the first characteristic. A computer assisted system and an autonomous
driving system may be used interchangeably herein.

In embodiments, a computer assisted vehicle may include a lighting device on the
vehicle, a receiver on the vehicle coupled to the lighting device to receive an instruction
from a sender external to the vehicle to adjust the lighting device on the vehicle, and a
computer assisted system on the vehicle coupled to the lighting device and the receiver.
The lighting device on the vehicle may emit a light with a first characteristic. Based on
the instruction received by the receiver, the computer assisted system may adjust the
lighting device on the vehicle to emit a light with a second characteristic different from
the first characteristic.

In embodiments, one or more non-transitory computer-readable media may
include instructions that may be executed by a computer assisted system in a vehicle. In
response to execution of the instructions, the computer assisted system may determine a
first characteristic of a light emitted by a lighting device on the vehicle coupled to the
computer assisted system. The computer assisted system may also obtain a second
characteristic of a light received by a sensor on the vehicle from a non-natural light
source external to the vehicle. Based on the second characteristic of the light received,
the computer assisted system may further adjust the lighting device on the vehicle to emit
a light with a third characteristic different from the first characteristic.

In the description to follow, reference is made to the accompanying drawings
which form a part hereof wherein like numerals designate like parts throughout, and in
which is shown by way of illustration embodiments that may be practiced. It is to be
understood that other embodiments may be utilized and structural or logical changes may
be made without departing from the scope of the present disclosure. Therefore, the
following detailed description is not to be taken in a limiting sense, and the scope of
embodiments is defined by the appended claims and their equivalents.

Operations of various methods may be described as multiple discrete actions or

operations in turn, in a manner that is most helpful in understanding the claimed subject
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matter. However, the order of description should not be construed as to imply that these
operations are necessarily order dependent. In particular, these operations may not be
performed in the order of presentation. Operations described may be performed in a
different order than the described embodiments. Various additional operations may be
performed and/or described operations may be omitted, split or combined in additional
embodiments.

For the purposes of the present disclosure, the phrase “A or B” and “A and/or B”
means (A), (B), or (A and B). For the purposes of the present disclosure, the phrase “A,
B, and/or C” means (A), (B), (C), (A and B), (A and C), (B and C), or (A, B and C).

The description may use the phrases “in an embodiment,” or “in embodiments,”
which may each refer to one or more of the same or different embodiments. Furthermore,

EE IR

the terms “comprising,” “including,” “having,’

>

and the like, as used with respect to
embodiments of the present disclosure, are synonymous.

As used hereinafter, including the claims, the term “module™ or “routine” may
refer to, be part of, or include an Application Specific Integrated Circuit (ASIC), an
clectronic circuit, programmable combinational logic circuit (such as a field
programmable gate array (FPGA)), a processor (shared, dedicated, or group) and/or
memory (shared, dedicated, or group) that execute one or more software or firmware
programs, and/or other suitable components that provide the described functionality.

Where the disclosure recites “a” or “a first” element or the equivalent thereof,
such disclosure includes one or more such elements, neither requiring nor excluding two
or more such elements. Further, ordinal indicators (e.g., first, second or third) for
identified elements are used to distinguish between the elements, and do not indicate or
imply a required or limited number of such elements, nor do they indicate a particular
position or order of such elements unless otherwise specifically stated.

The terms “coupled with” and “coupled to” and the like may be used herein.
“Coupled” may mean one or more of the following. “Coupled” may mean that two or
more elements are in direct physical or electrical contact. However, “coupled” may also
mean that two or more elements indirectly contact each other, but yet still cooperate or
interact with each other, and may mean that one or more other elements are coupled or
connected between the elements that are said to be coupled with each other. By way of
example and not limitation, “coupled” may mean two or more elements or devices

are coupled by electrical connections on a printed circuit board such as a motherboard, for
5
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example. By way of example and not limitation, “coupled” may mean two or
more elements/devices cooperate and/or interact through one or more network linkages
such as wired and/or wireless networks. By way of example and not limitation, a
computing apparatus may include two or more computing devices “coupled” on a
motherboard or by one or more network linkages.

As used herein, the term “circuitry” may refer to, be part of, or include an
Application Specific Integrated Circuit (ASIC), an electronic circuit, a programmable
combinational logic circuit (such as a FPGA), and/or other suitable hardware components
that provide the described functionality. As used herein, “computer-implemented
method” may refer to any method executed by one or more processors, a computer
system having one or more processors, a mobile device such as a wearable device, a
smartphone (which may include one or more processors), a tablet, a laptop computer, a
set-top box, a gaming console, and so forth.

Figure 1 illustrates an example computer assisted system 110 of lighting control
for a computer assisted vehicle 101 that may adjust a lighting device, e.g., a lighting
device 121 or a lighting device 123, of the vehicle to emit lights with different
characteristics, in accordance with various embodiments.

In embodiments, the computer assisted vehicle 101 may include the computer
assisted system 110. In addition, the computer assisted vehicle 101 may include the
lighting device 121, the lighting device 123, a transmitter 112, a receiver 114, a sensor
115, and a mirror 113, which may be coupled to the computer assisted system 110. The
transmitter 112 may transmit an instruction or information 132, while the receiver 114
may receive an instruction or information 134. Furthermore, the mirror 113 may receive
a light from a non-natural light source 131 and a light from a non-natural light source
135, both external to the computer assisted vehicle 101. Similarly, the sensor 115 may
receive a light from the non-natural light source 131, a light from the non-natural light
source 135, and a light from a non-natural light source 137, all external to the computer
assisted vehicle 101. Examples of the non-natural light source 131, the non-natural light
source 135, or the non-natural light source 137 may include, but are not limited, lights
from on-coming or nearby vehicles, street lights, lights from nearby buildings/structures,
and so forth. Furthermore, there may or may not be a user or a driver 111 who may
operate the computer assisted vehicle 101.

In embodiments, the lighting device 121, the lighting device 123, the transmitter
6
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112, the receiver 114, the sensor 115, and the mirror 113 may be located in various
positions inside or outside the car, at the back or the front of the car, on the dashboard, the
body, the side, or within the interior, or the trunk. In embodiments, the lighting device
121, the lighting device 123, the transmitter 112, the receiver 114, the sensor 115, and the
mirror 113 may be coupled to computer assisted system 110 via one or more wired and/or
wireless interconnects or buses. Examples of interconnects or buses may include, but are
not limited, near ficld communication (NFC), universal serial bus (USB), 12C, and so
forth.

In embodiments, the transmitter 112 may be a wireless transmitter that transmits
the instruction or information 132 to other vehicles, other non-natural light sources, or a
cloud computing environment. The instruction or information 132 being transmitted by
the transmitter 112 may be an instruction or information generated by the mirror 113, the
sensor 115, or the computer assisted system 110. In addition, the instruction or
information 132 being transmitted by the transmitter 112 may be an instruction or
information to control other vehicles or other non-natural light sources.

In embodiments, the receiver 114 may receive the instruction or information 134
from a sender external to the computer assisted vehicle 101. The instruction or
information 134 received by the receiver 114 may be used by the computer assisted
system 110 to adjust a lighting device on the vehicle, e.g., the lighting device 121, or the
lighting device 123. In embodiments, the instruction or information 134 received by the
receiver 114 may be used to adjust one specific lighting device, but not other lighting
devices. For example, the instruction or information 134 received by the receiver 114
may be used to adjust the lighting device 121 but not the lighting device 123. In some
other embodiments, the instruction or information 134 received by the receiver 114 may
be used to adjust the lighting device 121 and the lighting device 123 at the same time in a
same way. Further in some other embodiments, the instruction or information 134
received by the receiver 114 may be used to adjust the lighting device 121 and the
lighting device 123 at different times or in different ways. The information or the
instruction 134 may be received from another vehicle, other non-natural light sources, or
from a cloud computing environment.

In embodiments, the transmitter 112 and the receiver 114 may be a transmitter or
a receiver for various wireless technology for data transmission between vehicles (V2V),

vehicle-to-infrastructure (V2I), or V2X (vehicle-to-everything). For example, the
7
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transmitter 112 and the receiver 114 may be a transmitter or a receiver for NFC, WiFi, or
Long-Term Evolution (LTE) 4G/5G Automotive Alliance (5GAA) technology.

In embodiments, the lighting device 121 or the lighting device 123 may be a
headlamp, an auxiliary lamp, a front fog lamp, a cornering lamp, a spot light lamp, a
daytime running lamp, a dim-dip lamp, a side marker light lamp, an emergency lamp, a
HID lamp, a reversing lamp, an identification lamp, or other vehicle lamps. In
embodiments, the lighting device 121 may emit a light 122 with a first characteristic that
may include a light intensity (also referred to as a luminous intensity), a light wavelength,
a light power, a light distribution, a light angle, a light distance, or a light area. For
example, the light 122 may have a distance ¢, an angle a, an intensity 4, and may cover
an arca 4 = d* a. In embodiments, a light intensity or a luminous intensity of a light may
be a measure of the wavelength-weighted power emitted by a light source in a particular
direction per unit solid angle, based on the luminosity function, a standardized model of
the sensitivity of the human eye. In addition, a light intensity may vary along the distance
d. For example, a light intensity at a point P may be calculated using inverse square law
with respect to the distance d, and the light intensity at the lighting device 121 where the
light emits. A light intensity of a light may drop due to dark surroundings, since a light
energy may depend on both the brightness and wavelength of the light, where the
brightness may be a “subjective” quality of light depending on the viewer and the
surroundings. In embodiments, the surrounding of the computer assisted vehicle 101 may
include the light from the sun, the moon, or other causes not controlled by the computer
assisted vehicle 101. In some embodiments, a visible light may usually have a
wavelength in a range of 400-900 nanometers (nm). In embodiments, the lighting device
121 may change the characteristic of the light 122 emitted. For example, the light 122
with a first characteristic may last a duration of 77, and then the lighting device 121 may
change the characteristic of the light 122 to a different one.

In embodiments, the mirror 113 or the sensor 115 may receive a light from a non-
natural light source external to the computer assisted vehicle 101. In embodiments, the
mirror 113 or the sensor 115 may be able to distinguish natural light from a light emitted
from a non-natural light source. For example, a natural light may have higher intensity
(luminosity), and may not vary its intensity from one moment to the next while the
computer assisted vehicle 101 is moving from one location to the next. On the other

hand, the intensity of a non-natural light may change according to a distance between the
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computer assisted vehicle 101 and the non-natural light source. If the mirror 113 or the
sensor 115 may detect a change in wavelength frequently for a light from a light source,
then the light may be from a non-natural light source.

In embodiments, the mirror 113 may receive a light from the non-natural light
source 131 and the light from a non-natural light source 135. Similarly, the sensor 115
may receive a light from the non-natural light source 131, a light from the non-natural
light source 135, and a light from the non-natural light source 137. The non-natural light
source 131, the non-natural light source 135, or the non-natural light source 137 may be a
lighting device on a moving vehicle, or a stationary lighting device, which may be shown
in Figure 4 or Figure 5. In embodiments, the sensor 115 and the mirror 113 may be
separated devices. In some other embodiments, the sensor 115 and the mirror 113 may be
merged into one device and function as both a mirror and a sensor. Still in some other
embodiments, the sensor 115, or the mirror 113 may be merged with other devices, such
as a smart camera installed for other monitor purposes, while the smart camera may be
enhanced to read an intensity or a luminosity of lights. The sensor 115 may be
photoresistor sensor, a photodiode sensor, or a phototransistor sensor, which may detect a
light characteristic, ¢.g., how bright/dark a light may be, or detect how bright/dark the
surrounding of the computer assisted vehicle 101 may be.

In embodiments, the mirror 113 or the sensor 115 may receive lights from
multiple external non-natural light sources. For example, the sensor 115 may receive
lights from the non-natural light source 131, the non-natural light source 135, and the
non-natural light source 137. The mirror 113 or the sensor 115 may detect each
individual wavelength of the light received. For example, the mirror 113 or the sensor
115 may detect a wavelength €, for a light from the non-natural light source 131, a
wavelength £, for a light from the non-natural light source 135, and a wavelength £; for a
light from the non-natural light source 137. Afterwards, the mirror 113 or the sensor 115
may derive an overall wavelength £, which may be equivalent to a sum of the wavelength
£, the wavelength (,, and the wavelength £;. In addition, the mirror 113, the sensor 115,
or other sensors, not shown, may detect other characteristics of the lights. For example,
the mirror 113, the sensor 115, or other sensors may also detect an angle of a lights, the
distances of the light sources. Those characteristics of the lights, ¢.g., the angles of the
lights, the distances of the light sources may be used by the computer assisted system 110

to identify the light sources that emit lights with certain wavelengths.
9
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In embodiments, the computer assisted system 110 may include an analyzer 116
and a controller 118. The computer assisted system 110 may be coupled to the mirror
113, the sensor 115, the receiver 114, or the transmitter 112, and receive information from
them. For example, the computer assisted system 110 may receive a characteristic of the
light from the sensor 115, or obtain the instruction or information 134 received by the
receiver 114. The analyzer 116 may further analyze the characteristic of the light from
the sensor 115, or the instruction or information 134. For example, the mirror 113 or the
sensor 115 may detect the wavelength £, for a light from the non-natural light source 131,
the wavelength €, for a light from the non-natural light source 135, and the wavelength {3
for a light from the non-natural light source 137. The wavelength €, for the wavelength
£,, the wavelength £; may be sent to the analyzer 116, which may derive an overall
wavelength € as a sum of the wavelength (;, the wavelength €,, and the wavelength 5.
The analyzer 116 may also receive other data about the light source, e.g., the location of a
vehicle having the light source. The analyzer 116 may further associate a light with a
light source by analyzing the data about the characteristic of the light and the data about
the light source.

Furthermore, the controller 118 of the computer assisted system 110 may
adaptively control the lighting device 121, the lighting device 123, or other lighting
devices on the computer assisted vehicle 101. For example, the controller 118 of the
computer assisted system 110 may adjust the lighting device 121 to emit a light with a
different characteristic, based on a characteristic of the light received by the sensor 115
from the non-natural light source 131. For example, if the light received by the sensor
115 from the non-natural light source 131 is too bright or too high intensity, the controller
118 may adjust the lighting device 121 to emit a warning light to the non-natural light
source 131. In addition, the controller 118 may adjust the lighting device 121 to emit a
light with a different characteristic, based on a user’s preference from the user 111, or the
instruction or information 134 received by the receiver 114, In some embodiments, the
controller 118 may adjust the lighting device 121 in one way, and adjust the lighting
device 123 in a different way, depending on the location, the characteristics of the light
emitted by the lighting device 121 and the lighting device 123, and other vehicles nearby.
In embodiments, the computer assisted system 110 may automatically adjust the lighting
device 121 to emit a light with increased light intensity when the surrounding of the

vehicle becomes darker, which may be detected by the sensor 115.
10
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In addition, the controller 118 of the computer assisted system 110 may generate
the instruction or information 132 based on the characteristic of the light emitted from the
lighting device 121, the lighting device 123, the characteristic of the light received by the
sensor 115 or the mirror 113, and/or an user input from the user 111. For example, when
the non-natural light source 131 may be from a moving vehicle, the computer assisted
system 110 may communicate with the moving vehicle to adjust the non-natural light
source 131 on the moving vehicle to emit a light with a different characteristic, by
transmitting the instruction or information 132 directly to the moving vehicle or through a
cloud computing environment, as shown in Figure 3.

Figure 2 illustrates an example correlation between a wavelength of a light and an
intensity of the light for a computer assisted system of lighting control for a computer
assisted vehicle, in accordance with various embodiments. For example, a curve 222 may
represent the light wavelength detected over time by the sensor 115 for the lights received
from the non-natural light source 131, the non-natural light source 135, and the non-
natural light source 137. In embodiments, the sensor 115 may detect the individual
wavelength from each light source, ¢.g., the non-natural light source 131, the non-natural
light source 135, and the non-natural light source 137, and derive the overall wavelength
received as the sum of the individual wavelength from each light source. At time 75, £, 13,
and 7,, the sensor 115 may detect a wavelength £, for a light from the non-natural light
source 131, a wavelength €, for a light from the non-natural light source 135, and a
wavelength €5 for a light from the non-natural light source 137, and derive a total
wavelength of 450 nm, 900 nm, 850 nm, and 400 nm, which may correspond to a light
intensity of 450 candela (cd), 900 cd, 850 cd, and 400 ¢d. The correspondence between a
wavelength and a light intensity shown in the curve 222 may be based on a surrounding
light intensity. The curve 222 may be an example only and may not be limiting. In some
other embodiments, there may be a different correspondence between the wavelength
detected and the light intensity based on the surrounding of the computer assisted vehicle
101.

In embodiments, the driver 111 may setup a light intensity threshold 223, which
may be 550 cd as shown in Figure 2. The light intensity threshold 223 may be
determined based on one or more factors, such as the user/driver’s preference, the vision
of the user/driver, the road condition, the time of the day and the season. Furthermore,

the light intensity threshold 223 may be changed from time to time, by different
11
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driver/user, for a same or a different trip.

If a wavelength detected by the sensor 115 is over the light intensity threshold
223, the computer assisted system 110 may generate the instruction or information 132 to
be sent to the non-natural light source 131, the non-natural light source 135, or the non-
natural light source 137 or their controllers to adjust the light emitted from some or all of
them. For example, at time £, or 73, the computer assisted system 110 may generate the
instruction or information 132 to be sent to the non-natural light source 131, the non-
natural light source 135, or the non-natural light source 137 to adjust the non-natural light
sources to emit lights with different wavelengths.

In embodiments, when there may be multiple light sources, the computer assisted
system 110 may select one or more light sources to change the characteristic of the light
emitted from the one or more light sources. The computer assisted system 110 may make
the selection based on various characteristics detected by the sensor. For example, the
sensor 115 may detect a wavelength, an angle, a distance, or a height of a light emitted
from each light source. Those characteristics of the lights, ¢.g., the angles of the lights,
the distances of the light sources may be used by the computer assisted system 110 to
identify the light sources that emit lights with certain wavelengths. For example, based
on the individual wavelengths detected by the sensor 115, e.g., the wavelength £, for a
light from the non-natural light source 131, the wavelength €, for a light from the non-
natural light source 135, and the wavelength {5 for a light from the non-natural light
source 137, the computer assisted system 110 may determine to send an instruction to the
light source with the highest wavelength, ¢.g., the non-natural light source 135, to reduce
the wavelength. The instruction may be sent the by the transmitter 112 as shown in
Figure 1. In some other embodiments, the computer assisted system 110 may choose a
light source to change a different characteristic of the light emitted from the light source.
For example, if the sensor 115 detects a light from the non-natural light source 137
having a height right at a same level at the eye level of the driver, the sensor 115 may
provide the information about the non-natural light source 137 to the computer assisted
system 110. Based on the information, the computer assisted system 110 may generate an
instruction to be sent to the non-natural light source 137 to change the angle of light.

In embodiments, at any moment within the area 224, the corresponding light
intensity may be greater than the threshold 223, and the computer assisted system 110

may generate the instruction or information 132 to perform the same or similar tasks. In
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embodiments, the computer assisted system 110 may determine which light source to
send an instruction to based on the various characteristics of the lights, ¢.g., the angles of
the lights, the distances of the light sources, the height of the light sources, or the intensity
of the lights. Furthermore, the computer assisted system 110 may generate the instruction
or information 132, which may be sent directly to the non-natural light source 131, the
non-natural light source 135, or the non-natural light source 137, or sent to a cloud
computing environment, which may further control the non-natural light source 131, the
non-natural light source 135, or the non-natural light source 137.

Figure 3 illustrates an example computer assisted system 310 of lighting control
for a computer assisted vehicle 301 that may adjust a lighting device, e.g., a lighting
device 321 or a lighting device 323, of the vehicle to emit lights with different
characteristics according to a light received from a lighting device, ¢.g., a lighting device
371 or a lighting device 373, of another vehicle, €.g., a computer assisted vehicle 351, in
accordance with various embodiments. In embodiments, the computer assisted vehicle
301 or the computer assisted vehicle 351 may be examples of the computer assisted
vehicle 101 in Figure 1. In some embodiments, the computer assisted vehicle 351 may be
another kind of vehicle without a computer assisted system of lighting control. When the
computer assisted vehicle 351 includes a computer assisted system 360 of lighting
control, the computer assisted system 360 may also adjust a lighting device, e.g., a
lighting device 371 or a lighting device 373, to emit lights with different characteristics
according to the light emitted from the lighting device 321 or the lighting device 323, or
instructions received from the computer assisted vehicle 301.

In embodiments, the computer assisted vehicle 301 may include the computer
assisted system 310. In addition, the computer assisted vehicle 301 may include the
lighting device 321, the lighting device 323, a transmitter 312, a receiver 314, a sensor
315, and a mirror 313, which may be coupled to the computer assisted system 310, in
addition to a user 311. The lighting device 321, the lighting device 323, the transmitter
312, the receiver 314, the sensor 315, the mirror 313, and the user 311, may be examples
or similar to the lighting device 121, the lighting device 123, the transmitter 112, the
receiver 114, the sensor 115, the mirror 113, and the user 111, respectively, and provide
similar functions as described above for Figure 1.

In embodiments, the computer assisted vehicle 351 may include the computer

assisted system 360. In addition, the computer assisted vehicle 351 may include the
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lighting device 371, the lighting device 373, a transmitter 362, a receiver 364, a sensor
365, and a mirror 363, which may be coupled to the computer assisted system 360, in
addition to a user 361. The lighting device 371, the lighting device 373, the transmitter
362, the receiver 364, the sensor 365, the mirror 363, and the user 365, may be examples
or similar to the lighting device 121, the lighting device 123, the transmitter 112, the
receiver 114, the sensor 115, the mirror 113, and the user 111, respectively, and provide
similar functions as described above for Figure 1.

In embodiments, the sensor 315 or the mirror 313 may be similar to the sensor 115
or the mirror 113 in Figure 1, while the lighting device 371 and the lighting device 373
may be similar to the non-natural light source 131, the non-natural light source 135, or the
non-natural light source 137 as shown in Figure 1. For example, the sensor 315 may
receive a light from the lighting device 371 and the lighting device 373. The transmitter
312 may transmit an instruction or information to the receiver 364, by a direct
communication link 395 between the transmitter 312 and the receiver 364. In some other
embodiments, the transmitter 312 may transmit an instruction or information by a link
391 between the transmitter 312 and a cloud computing environment 390, and followed
by a link 393 between the cloud computing environment 390 and the receiver 364.
Similarly, the transmitter 362 may transmit an instruction or information to the receiver
314, by a direct link 381 between the transmitter 362 and the receiver 314. In some
embodiments, the transmitter 362 may transmit an instruction or information to the
receiver 314 through links with the cloud computing environment 390, not shown.

In embodiments, the computer assisted system 310 may obtain a characteristic of
the light received by the sensor 315 from the lighting device 371 or the lighting device
373, or process an instruction or information received by the receiver 314 from the
transmitter 362 or from the cloud computing environment 390. Furthermore, the
computer assisted system 310 may adaptively control the lighting device 321, the lighting
device 323, or other lighting devices on the computer assisted vehicle 301, in a way
similar to the way as above described for the computer assisted system 110.

In embodiments, the computer assisted system 360 may obtain a characteristic of
the light received by the sensor 365, or process an instruction or information received by
the receiver 364 from the transmitter 312 or from the cloud computing environment 390.
Furthermore, the computer assisted system 360 may adaptively control the lighting device

371, the lighting device 373, or other lighting devices on the computer assisted vehicle
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351, in a way similar to the way as above described for the computer assisted system 110.
For example, when the lighting device 371 may emit a light with a too high intensity,
which may be received by the sensor 315, the computer assisted system 310 may obtain a
characteristic of the light received by the sensor 315, generate an instruction or
information for the computer assisted system 360, and transmit the instruction or
information to the computer assisted system 360 by the link 395. The computer assisted
system 360 may receive the instruction or information generated by the computer assisted
system 310, and adjust the lighting device 371 to emit a light with a lower intensity.

When the sensor 315 may receive lights from multiple light sources with different
characteristics, the sensor 315 may detect each individual characteristic for each light
source. For example, the sensor 315 may detect a wavelength of a light from the lighting
device 371, and another wavelength of a light from another light source, not shown. The
sensor 315 may provide such detected individual characteristics to the computer assisted
system 310, and the computer assisted system 310 may determine to send an instruction
to the light source with the highest wavelength, ¢.g., the lighting device 371, to reduce the
wavelength. The instruction may be sent by the transmitter 312.

Figure 4 illustrates an example computer assisted vehicle 401 with a computer
assisted system of lighting control that may adjust a lighting device of the vehicle to emit
lights with different characteristics according to a light received from a lighting device of
another vehicle, e.g., a computer assisted vehicle 411, a computer assisted vehicle 421, or
a computer assisted vehicle 431, in various locations, in accordance with various
embodiments. In embodiments, the computer assisted vehicle 401, the computer assisted
vehicle 411, the computer assisted vehicle 421, or the computer assisted vehicle 431 may
be examples of the computer assisted vehicle 101 in Figure 1, or the computer assisted
vehicle 301 and the computer assisted vehicle 351 in Figure 3. In some embodiments,
some of the computer assisted vehicle 411, the computer assisted vehicle 421, or the
computer assisted vehicle 431 may be a vehicle without a computer assisted system of
lighting control. In embodiments, the relative position and the communication between
any two computer assisted vehicles among the computer assisted vehicle 401, the
computer assisted vehicle 411, the computer assisted vehicle 421, or the computer
assisted vehicle 431 may be similar to the computer assisted vehicle 301 and the
computer assisted vehicle 351 as shown in Figure 3.

In embodiments, the computer assisted vehicle 401, the computer assisted vehicle
15
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411, the computer assisted vehicle 421, or the computer assisted vehicle 431 may include
a computer assisted system similar to the computer assisted system 110 in Figure 1, or the
computer assisted system 310 in Figure 1. In addition, the computer assisted vehicle 401,
the computer assisted vehicle 411, the computer assisted vehicle 421, or the computer
assisted vehicle 431 may include at least a lighting device, a transmitter, a receiver, a
sensor, and a mirror, which may be coupled to the computer assisted system. For
example, not shown, the computer assisted vehicle 401, the computer assisted vehicle
411, the computer assisted vehicle 421, or the computer assisted vehicle 431 may include
devices similar to the lighting device 121, the lighting device 123, the transmitter 112, the
receiver 114, the sensor 115, the mirror 113, in addition to a user similar to the user 111,
respectively, and may provide similar functions as described above for Figure 1.

In embodiments, the computer assisted vehicle 401 may be on a lane 470. A lane,
¢.g., the lane 470, may also be referred to as a traffic lane. In addition, the computer
assisted vehicle 411 may be behind the computer assisted vehicle 401 at the lane 470.
Moreover, the computer assisted vehicle 421 may be at a lane 480 adjacent or next to the
lane 470. Both the computer assisted vehicle 411 and the computer assisted vehicle 421
may be moving at a same direction as the computer assisted vehicle 401, and the
computer assisted vehicle 421 may be next to the computer assisted vehicle 401 with a
short distance, ¢.g., 1 meter or less. In some other embodiments, the distance between the
computer assisted vehicle 401, the computer assisted vehicle 411, or the computer
assisted vehicle 421, may be longer than 1 meter, and may depend on the technology used
for the lighting devices, the sensor, the transmitter, and/or the receiver on the vehicles.
On the other hand, the computer assisted vehicle 431 may be at a lane 490 separated from
the lane 470 by a gap 450, and may be moving in an opposite direction as the computer
assisted vehicle 401.

In embodiments, the computer assisted vehicle 401 may detect the positions of the
computer assisted vehicle 411, the computer assisted vehicle 421, and the computer
assisted vehicle 431 by various technologies. For example, the computer assisted vehicle
411 may report at regular frequency, e.g., every 10 seconds, the Global Positioning
System (GPS) locations of the computer assisted vehicle 411 to the computer assisted
vehicle 401. Additionally or alternatively, the computer assisted vehicle 401 may use
sensors to detect the locations of the computer assisted vehicle 411. Furthermore, a cloud

computing environment, not shown, may communicate to the computer assisted vehicle
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401, the locations of the computer assisted vehicle 411, the computer assisted vehicle
421, and the computer assisted vehicle 431.

In addition, the sensors in the computer assisted vehicle 401 may detect various
characteristics of the lights, e¢.g., the angles of the lights, the distances of the light sources,
the wavelengths of the lights, received from the computer assisted vehicle 411, the
computer assisted vehicle 421, and the computer assisted vehicle 431. Based on the
location of the computer assisted vehicle 411, the computer assisted vehicle 421, and the
computer assisted vehicle 431, and the various characteristics of the lights received by the
sensors in the computer assisted vehicle 401, the computer assisted system in the
computer assisted vehicle 401 may identify and match the lights received to the source of
the lights.

Figure 5 illustrates another example computer assisted vehicle 501 with a
computer assisted system of lighting control that may adjust a lighting device, ¢.g., a
lighting device 521, of the vehicle to emit lights with different characteristics according to
the light received from a stationary non-natural light source, €.g., a stationary non-natural
light source 531, or from a lighting device of another vehicle, ¢.g., a computer assisted
vehicle 551, in accordance with various embodiments. In embodiments, the computer
assisted vehicle 501, and the computer assisted vehicle 551 may be examples of the
computer assisted vehicle 101 in Figure 1, the computer assisted vehicle 30, or the
computer assisted vehicle 351 in Figure 3. In some embodiments, the computer assisted
vehicle 551 may be a vehicle without a computer assisted system of lighting control. In
embodiments, the computer assisted vehicle 501, and the computer assisted vehicle 551
may communicate in a way similar to the way the computer assisted vehicle 301 and the
computer assisted vehicle 351 communicate as shown in Figure 3.

In embodiments, the computer assisted vehicle 501 and the computer assisted
vehicle 551 may include a computer assisted system similar to the computer assisted
system 110 in Figure 1, or the computer assisted system 310 in Figure 1. In addition, the
computer assisted vehicle 501 or the computer assisted vehicle 551 may include one or
more lighting devices, a transmitter, a receiver, a sensor, and a mirror, which may be
coupled to the computer assisted system. For example, the computer assisted vehicle 501
may include the lighting device 521, and the computer assisted vehicle 551 may include a
lighting device 535 that may be similar to the lighting device 121, or the lighting device

123. In addition, the computer assisted vehicle 501 or the computer assisted vehicle 551
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may include a transmitter, a receiver, a sensor, €.g., a sensor 515, and a mirror, which
may be similar to the transmitter 112, the receiver 114, the sensor 115, and the mirror
113, respectively, and may provide similar functions as described above for Figure 1.

In embodiments, the computer assisted vehicle 501 may be on a lane 510. In
addition, the computer assisted vehicle 551 may be on a lane 520 that may intersect
perpendicularly with the lane 510. In some other embodiments, the lane 510 and the lane
520 may intersect at a different angle.

In embodiments, the sensor 515 on the computer assisted vehicle 501 may receive
a light from the lighting device 535 of the computer assisted vehicle 551. In addition, the
sensor 515 on the computer assisted vehicle 501 may receive a light from the stationary
lighting device 531, which may be a street light, and may be located within a predefined
radius 530 to the computer assisted vehicle 501. In some embodiments, the stationary
lighting device 531 may be a smart street light that may communicate with the sensor 515
or the computer assisted vehicle 501. The sensor 515, the lighting device 535, and the
stationary lighting device 531 may be similar to the sensor 115, the non-natural light
source 135, and the non-natural light source 131, and may function similarly as described
for the sensor 115, the non-natural light source 135, and the non-natural light source 131,
as shown in Figure 1.

In embodiments, the computer assisted vehicle 501 may detect the positions of the
computer assisted vehicle 551, and the lighting device 531 by various technologies. For
example, the computer assisted vehicle 551 may report at regular frequency, €.g., every
10 seconds, the Global Positioning System (GPS) locations of the computer assisted
vehicle 551 to the computer assisted vehicle 501. Additionally or alternatively, the
computer assisted vehicle 501 may use sensors to detect the locations of the computer
assisted vehicle 551. Furthermore, a cloud computing environment, not shown, may
communicate to the computer assisted vehicle 501, the locations of the computer assisted
vehicle 551 and the lighting device 531.

In addition, the sensor 515 in the computer assisted vehicle 501 may detect
various characteristics of the lights, e.g., the angles of the lights, the distances of the light
sources, the wavelengths of the lights, received from the computer assisted vehicle 551
and the lighting device 531. Based on the location of the computer assisted vehicle 551
and the lighting device 531, and the various characteristics of the lights received by the

sensors in the computer assisted vehicle 501, the computer assisted system in the
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computer assisted vehicle 501 may identify and match the lights received to the source of
the lights.

Figure 6 illustrates an example process 600 performed by a computer assisted
system of lighting control for a computer assisted vehicle that may adjust a lighting
device of the vehicle to emit lights with different characteristics, in accordance with
various embodiments. In embodiments, the process 600 may be a process performed by
the computer assisted system 110 in Figure 1, the computer assisted system 310, or the
computer assisted system 360 in Figure 3.

The process 600 may start at an interaction 601. During the interaction 601, the
computer assisted system may determine a first characteristic of a light emitted by a
lighting device coupled to a computer assisted or autonomous driving system on a
computer assisted vehicle. For example, at the interaction 601, the computer assisted
system 110 may determine a first characteristic of a light emitted by the lighting device
121 coupled to the computer assisted system 110 on the computer assisted vehicle 101.

During an interaction 603, the computer assisted system may obtain a second
characteristic of a light received by a sensor on the computer assisted vehicle from a non-
natural light source external to the computer assisted vehicle. For example, at the
interaction 603, the computer assisted system 110 may obtain a second characteristic of a
light received by the sensor 115 on the computer assisted vehicle 101 from the non-
natural light source 131.

During an interaction 605, the computer assisted system may adjust, based on the
second characteristic of the light received, the lighting device on the computer assisted
vehicle to emit a light with a third characteristic different from the first characteristic. For
example, at the interaction 605, the computer assisted system 110 may adjust, based on
the second characteristic of the light received by the sensor 115, the lighting device 121
on the computer assisted vehicle 101 to emit a light with a third characteristic different
from the first characteristic.

During an interaction 607, the computer assisted system may adjust, based on an
instruction received by a receiver on the computer assisted vehicle, the lighting device on
the computer assisted vehicle to emit a light with a fourth characteristic different from the
first characteristic. For example, at the interaction 607, the computer assisted system 110
may adjust, based on the instruction 134 received by the receiver 114 on the computer

assisted vehicle 101, the lighting device 121 on the computer assisted vehicle 101 to emit
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a light with a fourth characteristic different from the first characteristic.

During an interaction 609, the computer assisted system may adjust, based on a
user’s preference, the lighting device on the computer assisted vehicle to emit a light with
a fourth characteristic different from the first characteristic. For example, at the
interaction 609, the computer assisted system 110 may adjust, based on a user’s
preference from the user 111, the lighting device 121 on the computer assisted vehicle
101 to emit a light with a fourth characteristic different from the first characteristic.

Figure 7 illustrates an example system 700 suitable for use to practice various
aspects of the present disclosure, in accordance with various embodiments. The system
700 may be an example of a portion of the computer assisted vehicle 101 in Figure 1, the
computer assisted vehicle 301, or the computer assisted vehicle 351 as shown in Figure 3.

As shown, the system 700 may include one or more processors 702, each having
one or more processor cores. In embodiments, the one or more processors 702 may
perform one round of the computation and communication of a computer assisted system,
¢.g., the computer assisted system 110 in less than one second. Additionally, the system
700 may include a memory 704 and a mass storage 706, which may be any one of a
number of known persistent storage medium. In embodiments, the memory 704 or the
mass storage 706 may store data of the computer assisted vehicle 101 or its surroundings
for a duration of on¢ second or 100 msec. Furthermore, the system 700 may include a
communication interface 710, which may include a transmitter 712 and a receiver 714.
The communication interface 710, the transmitter 712, and the receiver 714 may be any
one of a number of known communication interfaces, transmitters, or receivers. In
addition, the system 700 may include input/output devices 708, a lighting device 721, a
lighting device 723, a sensor 715 and a sensor 717 coupled to a sensor hub 725. The
clements may be coupled to each other via system bus 716, which may represent one or
more buses. In the case of multiple buses, they may be bridged by one or more bus
bridges (not shown).

In embodiments, the transmitter 712, the receiver 714, the lighting device 721, the
lighting device 723, the sensor 715 or the sensor 717 may be similar to the transmitter
112, the receiver 114, the lighting device 121, the lighting device 123, and the sensor 115,
respectively, and provide similar functions as described above for Figure 1. In some
embodiments, there may be multiple sensors, €.g., six sensors coupled to the sensor hub

725. Furthermore, the sensor 715 or the sensor 717 may read the light intensity or other
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characteristic of the received lights periodically, e.g., every 10 msec.

Each of these elements may perform its conventional functions known in the art.
In particular, system memory 704 may be employed to store a working copy and a
permanent copy of the programming instructions implementing the operations associated
with providing a computer assisted system of lighting control for a computer assisted
vehicle, as described in connection with Figures 1-6, and/or other functions, collectively
referred to as computational logic 722 that provides the capability of the embodiments
described in the current disclosure, e.g., the computer assisted system 110 of lighting
control for a computer assisted vehicle. The various elements may be implemented by
assembler instructions supported by processor(s) 702 or high-level languages, such as, for
example, C, that can be compiled into such instructions.

The number, capability and/or capacity of these e¢lements 702-725 may vary,
depending on the number of other devices the system 700 is configured to support.
Otherwise, the constitutions of elements 702-725 are known, and accordingly will not be
further described.

As will be appreciated by one skilled in the art, the present disclosure may be
embodied as methods or computer program products. Accordingly, the present disclosure,
in addition to being embodied in hardware as earlier described, may take the form of an
entirely software embodiment (including firmware, resident software, micro-code, etc.) or
an embodiment combining software and hardware aspects that may all generally be

9 <

referred to as a “circuit,” “module,” or “system.”

Furthermore, the present disclosure may take the form of a computer program
product embodied in any tangible or non-transitory medium of expression having
computer-usable program code embodied in the medium. Figure 8 illustrates an example
computer-readable non-transitory storage medium that may be suitable for use to store
instructions that cause an apparatus, in response to execution of the instructions by the
apparatus, to practice selected aspects of the present disclosure. As shown, non-transitory
computer-readable storage medium 802 may include a number of programming
instructions 804. Programming instructions 804 may be configured to enable a system,
¢.g., system 700, in response to execution of the programming instructions, to perform,
c.g., various operations associated with the computer assisted system 110 of lighting

control for the computer assisted vehicle 101, as shown in Figure 1, the computer assisted

system 310 of lighting control for the computer assisted vehicle 301, and the computer
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assisted system 360 of lighting control for the computer assisted vehicle 351, as shown in
Figure 3.

In alternate embodiments, programming instructions 804 may be disposed on
multiple computer-readable non-transitory storage media 802 instead. In alternate
embodiments, programming instructions 804 may be disposed on computer-readable
transitory storage media 802, such as, signals. Any combination of one or more computer
usable or computer readable medium(s) may be utilized. The computer-usable or
computer-readable medium may be, for example but not limited to, an electronic,
magnetic, optical, electromagnetic, infrared, or semiconductor system, apparatus, device,
or propagation medium. More specific examples (a non- exhaustive list) of the computer-
readable medium would include the following: an electrical connection having one or
more wires, a portable computer diskette, a hard disk, a random access memory (RAM), a
read-only memory (ROM), an erasable programmable read-only memory (EPROM or
Flash memory), an optical fiber, a portable compact disc read-only memory (CD-ROM),
an optical storage device, a transmission media such as those supporting the Internet or an
intranet, or a magnetic storage device. Note that the computer-usable or computer-
readable medium could even be paper or another suitable medium upon which the
program is printed, as the program can be electronically captured, via, for instance, optical
scanning of the paper or other medium, then compiled, interpreted, or otherwise processed
in a suitable manner, if necessary, and then stored in a computer memory. In the context
of this document, a computer-usable or computer-readable medium may be any medium
that can contain, store, communicate, propagate, or transport the program for use by or in
connection with the instruction execution system, apparatus, or device. The computer-
usable medium may include a propagated data signal with the computer-usable program
code embodied therewith, either in baseband or as part of a carrier wave. The computer
usable program code may be transmitted using any appropriate medium, including but not
limited to wireless, wireline, optical fiber cable, RF, etc.

Computer program code for carrying out operations of the present disclosure may
be written in any combination of one or more programming languages, including an object
oriented programming language such as Java, Smalltalk, C++ or the like and conventional
procedural programming languages, such as the “C” programming language or similar
programming languages. The program code may execute entirely on the user's computer,

partly on the user's computer, as a stand-alone software package, partly on the user’s
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computer and partly on a remote computer or entirely on the remote computer or server.
In the latter scenario, the remote computer may be connected to the user’s computer
through any type of network, including a local areca network (LAN) or a wide arca
network (WAN), or the connection may be made to an external computer (for example,
through the Internet using an Internet Service Provider).

The present disclosure is described with reference to flowchart illustrations and/or
block diagrams of methods, apparatus (systems) and computer program products
according to embodiments of the disclosure. It will be understood that each block of the
flowchart illustrations and/or block diagrams, and combinations of blocks in the flowchart
illustrations and/or block diagrams, can be implemented by computer program
instructions. These computer program instructions may be provided to a processor of a
general purpose computer, special purpose computer, or other programmable data
processing apparatus to produce a machine, such that the instructions, which execute via
the processor of the computer or other programmable data processing apparatus, create
means for implementing the functions/acts specified in the flowchart and/or block
diagram block or blocks.

These computer program instructions may also be stored in a computer-readable
medium that can direct a computer or other programmable data processing apparatus to
function in a particular manner, such that the instructions stored in the computer-readable
medium produce an article of manufacture including instruction means which implement
the function/act specified in the flowchart and/or block diagram block or blocks.

The computer program instructions may also be loaded onto a computer or other
programmable data processing apparatus to cause a serics of operational steps to be
performed on the computer or other programmable apparatus to produce a computer
implemented process such that the instructions which execute on the computer or other
programmable apparatus provide processes for implementing the functions/acts specified
in the flowchart and/or block diagram block or blocks.

The flowchart and block diagrams in the figures illustrate the architecture,
functionality, and operation of possible implementations of systems, methods and
computer program products according to various embodiments of the present disclosure.
In this regard, each block in the flowchart or block diagrams may represent a module,
segment, or portion of code, which comprises one or more executable instructions for

implementing the specified logical function(s). It should also be noted that, in some
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alternative implementations, the functions noted in the block may occur out of the order
noted in the figures. For example, two blocks shown in succession may, in fact, be
executed substantially concurrently, or the blocks may sometimes be executed in the
reverse order, depending upon the functionality involved. It will also be noted that each
block of the block diagrams and/or flowchart illustration, and combinations of blocks in
the block diagrams and/or flowchart illustration, can be implemented by special purpose
hardware-based systems that perform the specified functions or acts, or combinations of
special purpose hardware and computer instructions.

Embodiments may be implemented as a computer process, a computing system or
as an article of manufacture such as a computer program product of computer readable
media. The computer program product may be a computer storage medium readable by a
computer system and encoding a computer program instructions for executing a computer
process.

The corresponding structures, material, acts, and equivalents of all means or steps
plus function elements in the claims below are intended to include any structure, material
or act for performing the function in combination with other claimed elements are
specifically claimed. The description of the present disclosure has been presented for
purposes of illustration and description, but is not intended to be exhaustive or limited to
the disclosure in the form disclosed. Many modifications and variations will be apparent
to those of ordinary skill without departing from the scope and spirit of the disclosure.
The embodiment are chosen and described in order to best explain the principles of the
disclosure and the practical application, and to enable others of ordinary skill in the art to
understand the disclosure for embodiments with various modifications as are suited to the
particular use contemplated.

Thus various example embodiments of the present disclosure have been described
including, but are not limited to:

Example 1 may include a computer assisted or autonomous driving vehicle,
comprising: a lighting device on the vehicle to emit a light with a first characteristic; a
sensor on the vehicle to receive a light from a non-natural light source external to the
vehicle; and a computer assisted or autonomous driving system on the vehicle, coupled to
the lighting device and the sensor to: obtain a second characteristic of the light received
by the sensor from the non-natural light source external to the vehicle; and adjust, based

on the second characteristic of the light received, the lighting device on the vehicle to
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emit a light with a third characteristic different from the first characteristic.

Example 2 may include the vehicle of example 1 and/or some other examples
herein, wherein the computer assisted or autonomous driving system is to further: adjust,
based on a user’s preference, the lighting device on the vehicle to emit a light with a
fourth characteristic different from the first characteristic.

Example 3 may include the vehicle of example 1 and/or some other examples
herein, further comprising: a receiver on the vehicle to receive an instruction from a
sender external to the vehicle to adjust the lighting device on the vehicle; and the
computer assisted or autonomous driving system is to further: adjust, based on the
received instruction, the lighting device on the vehicle to emit a light with a fourth
characteristic different from the first characteristic.

Example 4 may include the vehicle of example 1 and/or some other examples
herein, wherein the instruction is received from another vehicle, or from a cloud
computing environment.

Example 5 may include the vehicle of example 1 and/or some other examples
herein, wherein the computer assisted or autonomous driving system is to
further: generate information based on the first characteristic of the light emitted from the
lighting device and the second characteristic of the light received by the sensor; and
the vehicle further includes: a transmitter on the vehicle to transmit the generated
information to adjust the non-natural light source external to the vehicle.

Example 6 may include the vehicle of example 1 and/or some other examples
herein, wherein the non-natural light source external to the vehicle includes a lighting
device on a moving vehicle, or a stationary lighting device.

Example 7 may include the vehicle of example 6 and/or some other examples
herein, wherein the computer assisted or autonomous driving system is to further:
communicate with the moving vehicle to adjust the lighting device on the moving vehicle
to emit a light with a fourth characteristic different from the second characteristic.

Example 8 may include the vehicle of example 6 and/or some other examples
herein, wherein the moving vehicle is in a location selected from a location behind the
vehicle in a same traffic lane, a location next to the vehicle in an adjacent traffic lane, a
location in an opposite traffic lane to the vehicle, or a location within a predefined radius
to the vehicle.

Example 9 may include the vehicle of any one of examples 1-8 and/or some other
25
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examples herein, wherein the lighting device on the vehicle is a first lighting device on
the vehicle, and the vehicle further includes a second lighting device on the vehicle; and
the computer assisted or autonomous driving system is to further: adjust the second
lighting device on the vehicle to emit a light with a fourth characteristic, wherein the
second lighting device is adjusted differently from the first lighting device.

Example 10 may include the vehicle of any one of examples 1-8 and/or some
other examples herein, wherein the first characteristic or the second characteristic
includes a light intensity, a light wavelength, a light energy, a light distribution, a light
angle, a light distance, a light area, or a duration for a light characteristic.

Example 11 may include the vehicle of any one of examples 1-8 and/or some
other examples herein, wherein the lighting device on the vehicle includes a selected one
of a headlamp, an auxiliary lamp, a front fog lamp, a cornering lamp, a spot light lamp, a
daytime running lamp, a dim-dip lamp, a high intensity discharge lamp, a side marker
light lamp, an emergency lamp, a reversing lamp, or an identification lamp.

Example 12 may include a computer assisted or autonomous driving vehicle,
comprising: a lighting device on the vehicle to emit a light with a first characteristic; a
receiver on the vehicle coupled to a computer assisted or autonomous driving system to
receive an instruction from a sender external to the vehicle to adjust the lighting device on
the vehicle; and the computer assisted or autonomous driving system on the vehicle,
coupled to the lighting device and the receiver to: adjust, based on the received
instruction, the lighting device on the vehicle to emit a light with a second characteristic
different from the first characteristic.

Example 13 may include the vehicle of example 12 and/or some other examples
herein, wherein the instruction is received from another vehicle, or from a cloud
computing environment.

Example 14 may include the vehicle of example 12 and/or some other examples
herein, wherein the lighting device on the vehicle is a first lighting device on the vehicle,
and the vehicle further includes a second lighting device on the vehicle; and the computer
assisted or autonomous driving system is to further: adjust the second lighting device on
the vehicle to emit a light with a third characteristic, wherein the second lighting device is
adjusted differently from the first lighting device.

Example 15 may include the vehicle of any one of examples 12-14 and/or some

other examples herein, wherein the first characteristic of the light or the
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second characteristic of the light includes a light intensity, a light wavelength, a light
energy, a light distribution, a light angle, a light distance, a light area, or a duration for a
light characteristic.

Example 16 may include the vehicle of any one of examples 12-14 and/or some
other examples herein, wherein the lighting device on the vehicle includes a selected one
of a headlamp, an auxiliary lamp, a front fog lamp, a cornering lamp, a spot light lamp,
a daytime running lamp, a dim-dip lamp, a side marker light lamp, a high intensity
discharge lamp, an emergency lamp, a reversing lamp, or an identification lamp.

Example 17 may include the vehicle of any one of examples 12-14 and/or some
other examples herein, further comprising: a sensor on the vehicle coupled to the
computer assisted or autonomous driving system to receive a light from a non-natural
light source external to the vehicle; and the computer assisted or autonomous driving
system is to further: obtain a fourth characteristic of the light received by the sensor from
the non-natural light source external to the vehicle; and adjust, based on the fourth
characteristic of the light received, the lighting device on the vehicle to emit a light with a
fifth characteristic different from the first characteristic.

Example 18 may include the vehicle of example 17 and/or some other examples
herein, wherein the non-natural light source external to the vehicle includes a lighting
device on a moving vehicle, or a stationary lighting device.

Example 19 may include the vehicle of example 18 and/or some other examples
herein, wherein the moving vehicle is in a location selected from a location behind the
vehicle in a same traffic lane, a location next to the vehicle in an adjacent traffic lane, a
location in an opposite traffic lane to the vehicle, or a location within a predefined radius
to the vehicle.

Example 20 may include the vehicle of example 18 and/or some other examples
herein, wherein the computer assisted or autonomous driving system is to further:
communicate with the moving vehicle to make an adjustment to the lighting device on the
moving vehicle to emit a light with a fifth characteristic different from the

fourth characteristic.
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Example 21 may include one or more non-transitory computer-readable media
comprising instructions that cause a computer assisted or autonomous driving system in a
vehicle, in response to execution of the instructions by the computer assisted or
autonomous driving system, to: determine a first characteristic of a light emitted by a
lighting device on the vehicle coupled to the computer assisted or autonomous driving
system; obtain a second characteristic of a light received by a sensor on the vehicle from a
non-natural light source external to the vehicle; and adjust, based on the second
characteristic of the light received, the lighting device on the vehicle to emit a light with a
third characteristic different from the first characteristic.

Example 22 may include the one or more non-transitory computer-readable media
of example 21 and/or some other examples herein, wherein the computer assisted or
autonomous driving system is further caused to: adjust, based on an instruction received
by a receiver on the vehicle, the lighting device on the vehicle to emit a light with a fourth
characteristic different from the first characteristic.

Example 23 may include the one or more non-transitory computer-readable media
of example 21 and/or some other examples herein, wherein the computer assisted or
autonomous driving system is further caused to: adjust, based on a user’s preference, the
lighting device on the vehicle to emit a light with a fourth characteristic different from the
first characteristic.

Example 24 may include the one or more non-transitory computer-readable media
of example 21 and/or some other examples herein, wherein the non-natural light source
external to the vehicle includes a lighting device on a moving vehicle, or a stationary
lighting device.

Example 25 may include the one or more non-transitory computer-readable media

of example 24 and/or some other examples herein, wherein the moving vehicle is in a
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location selected from a location behind the vehicle in a same traffic lane, a location next
to the vehicle in an adjacent traffic lane, a location in an opposite traffic lane to the
vehicle, or a location within a predefined radius to the vehicle.

Example 26 may include the one or more non-transitory computer-readable media
of any one of examples 21-25 and/or some other examples herein, wherein the first
characteristic or the second characteristic includes a light intensity, a light wavelength, a
light energy, a light distribution, a light angle, a light distance, a light area, or a duration
for a light characteristic.

Example 27 may include the one or more non-transitory computer-readable media
of any one of examples 21-25 and/or some other examples herein, wherein the lighting
device on the vehicle includes a selected one of a headlamp, an auxiliary lamp, a front fog
lamp, a corering lamp, a spot light lamp, a daytime running lamp, a dim-dip lamp, a high
intensity discharge lamp, a side marker light lamp, an emergency lamp, a reversing lamp,
or an identification lamp.

Example 28 may include a method for a computer assisted or autonomous driving
system of lighting control for a vehicle, comprising: determining a first characteristic of a
light emitted by a lighting device on the vehicle coupled to the computer assisted or
autonomous driving system; obtaining a second characteristic of a light received by a
sensor on the vehicle from a non-natural light source external to the vehicle;
and adjusting, based on the second characteristic of the light received, the lighting device
on the vehicle to emit a light with a third characteristic different from the first
characteristic.

Example 29 may include the method of example 28 and/or some other examples

herein, further comprising: adjusting, based on an instruction received by a receiver on
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the vehicle, the lighting device on the vehicle to emit a light with a fourth characteristic
different from the first characteristic.

Example 30 may include the method of example 28 and/or some other examples
herein, further comprising: adjusting, based on a user’s preference, the lighting device on
the vehicle to emit a light with a fourth characteristic different from the first
characteristic.

Example 31 may include the method of example 28 and/or some other examples
herein, wherein the lighting device on the vehicle is a first lighting device on the vehicle,
and the vehicle further includes a second lighting device on the vehicle; and the method
further comprises: adjusting the second lighting device on the vehicle to emit a light with
a fourth characteristic, wherein the second lighting device is adjusted differently from the
first lighting device.

Example 32 may include the method of example 28 and/or some other examples
herein, further comprising: generating information based on the first characteristic of the
light emitted from the lighting device and the second characteristic of the light received
by the sensor; and transmitting the generated information to adjust the non-natural light
source external to the vehicle.

Example 33 may include the method of example 28 and/or some other examples
herein, wherein the non-natural light source external to the vehicle includes a lighting
device on a moving vehicle, or a stationary lighting device.

Example 34 may include the method of example 33 and/or some other examples
herein, further comprising: communicating with the moving vehicle to adjust the lighting
device on the moving vehicle to emit a light with a fourth characteristic different from the

second characteristic.
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Example 35 may include the method of example 33 and/or some other examples
herein, wherein the moving vehicle is in a location selected from a location behind the
vehicle in a same traffic lane, a location next to the vehicle in an adjacent traffic lane, a
location in an opposite traffic lane to the vehicle, or a location within a predefined radius
to the vehicle.

Example 36 may include the method of any one of examples 28-35 and/or some
other examples herein, wherein the first characteristic or the second characteristic
includes a light intensity, a light wavelength, a light energy, a light distribution, a light
angle, a light distance, a light area, or a duration for a light characteristic.

Example 37 may include the method of any one of examples 28-35 and/or some
other examples herein, wherein the lighting device on the vehicle includes a selected one
of a headlamp, an auxiliary lamp, a front fog lamp, a comering lamp, a spot light lamp, a
daytime running lamp, a dim-dip lamp, a high intensity discharge lamp, a side marker
light lamp, an emergency lamp, a reversing lamp, or an identification lamp.

Example 38 may include one or more non-transitory computer-readable media
comprising instructions that cause a computer assisted or autonomous driving system in a
vehicle, in response to execution of the instructions by the computer assisted or
autonomous driving system, to perform the method of any one of examples 28-37.

Example 39 may include an apparatus for a computer assisted or autonomous
driving system of lighting control for a vehicle, comprising: means for determining a first
characteristic of a light emitted by a lighting device on the vehicle coupled to the
computer assisted or autonomous driving system; means for obtaining a second
characteristic of a light received by a sensor on the vehicle from a non-natural

light source external to the vehicle; and means for adjusting, based on the second
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characteristic of the light received, the lighting device on the vehicle to emit a light with a
third characteristic different from the first characteristic.

Example 40 may include the apparatus of example 39 and/or some other examples
herein, further comprising: means for adjusting, based on an instruction received by a
receiver on the vehicle, the lighting device on the vehicle to emit a light with a fourth
characteristic different from the first characteristic.

Example 41 may include the apparatus of example 39 and/or some other examples
herein, further comprising: means for adjusting, based on a user’s preference, the lighting
device on the vehicle to emit a light with a fourth characteristic different from the first
characteristic.

Example 42 may include the apparatus of example 39 and/or some other examples
herein, wherein the lighting device on the vehicle is a first lighting device on the vehicle,
and the vehicle further includes a second lighting device on the vehicle; and the apparatus
further comprises: means for adjusting the second lighting device on the vehicle to emita
light with a fourth characteristic, wherein the second lighting device is adjusted
differently from the first lighting device.

Example 43 may include the apparatus of example 39 and/or some other examples
herein, further comprising: means for generating information based on the first
characteristic of the light emitted from the lighting device and the second characteristic of
the light received by the sensor; and means for transmitting the generated information to
adjust the non-natural light source external to the vehicle.

Example 44 may include the apparatus of example 39 and/or some other examples
herein, wherein the non-natural light source external to the vehicle includes a lighting

device on a moving vehicle, or a stationary lighting device.
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Example 45 may include the apparatus of example 44 and/or some other examples
herein, further comprising: means for communicating with the moving vehicle to adjust
the lighting device on the moving vehicle to emit a light with a fourth characteristic
different from the second characteristic.

Example 46 may include the apparatus of example 44 and/or some other examples
herein, wherein the moving vehicle is in a location selected from a location behind the
vehicle in a same traffic lane, a location next to the vehicle in an adjacent traffic lane, a
location in an opposite traffic lane to the vehicle, or a location within a predefined radius
to the vehicle.

Example 47 may include the apparatus of any of examples 39-44 and/or some
other examples herein, wherein the first characteristic or the second characteristic
includes a light intensity, a light wavelength, a light energy, a light distribution, a light
angle, a light distance, a light area, or a duration for a light characteristic.

Example 48 may include the apparatus of any of examples 39-44 and/or some
other examples herein, wherein the lighting device on the vehicle includes a selected one
of a headlamp, an auxiliary lamp, a front fog lamp, a comering lamp, a spot light lamp, a
daytime running lamp, a dim-dip lamp, a high intensity discharge lamp, a side marker
light lamp, an emergency lamp, a reversing lamp, or an identification lamp.

Example 49 may include an apparatus for on-board computer assisted or
autonomous driving of vehicles, comprising: one or more processors disposed on a
vehicle; and a computer assisted or autonomous driving system on the vehicle to be
operated by the one or more processors to: determine a first characteristic of a light
emitted by a lighting device on the vehicle coupled to the computer assisted or
autonomous driving system; obtain a second characteristic of a light received by a sensor

on the vehicle from a non-natural light source external to the vehicle; and adjust, based on
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the second characteristic of the light received, the lighting device on the vehicle to emit a
light with a third characteristic different from the first characteristic.

Example 50 may include the apparatus of example 49 and/or some other examples
herein, wherein the computer assisted or autonomous driving system on the vehicle to be
operated by the one or more processors is further to: adjust, based on an instruction
received by a receiver on the vehicle, the lighting device on the vehicle to emit a light
with a fourth characteristic different from the first characteristic.

Example 51 may include the apparatus of example 49 and/or some other examples
herein, wherein the computer assisted or autonomous driving system on the vehicle to be
operated by the one or more processors is further to: adjust, based on a user’s preference,
the lighting device on the vehicle to emit a light with a fourth characteristic different from
the first characteristic.

Example 52 may include the apparatus of example 49 and/or some other examples
herein, wherein the lighting device on the vehicle is a first lighting device on the vehicle,
and the vehicle further includes a second lighting device on the vehicle; and the computer
assisted or autonomous driving system on the vehicle to be operated by the one or more
processors is further to: adjust the second lighting device on the vehicle to emit a light
with a fourth characteristic, wherein the second lighting device is adjusted differently
from the first lighting device.

Example 53 may include the apparatus of example 49 and/or some other examples
herein, wherein the computer assisted or autonomous driving system on the vehicle to be
operated by the one or more processors is further to: generate information based on the
first characteristic of the light emitted from the lighting device and the second
characteristic of the light received by the sensor; and transmit the generated information

to adjust the non-natural light source external to the vehicle.
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Example 54 may include the apparatus of example 49 and/or some other examples
herein, wherein the non-natural light source external to the vehicle includes a lighting
device on a moving vehicle, or a stationary lighting device.

Example 55 may include the apparatus of example 54 and/or some other examples
herein, wherein the computer assisted or autonomous driving system on the vehicle to be
operated by the one or more processors is further to: communicate with the moving
vehicle to adjust the lighting device on the moving vehicle to emit a light with a fourth
characteristic different from the second characteristic.

Example 56 may include the apparatus of example 54 and/or some other examples
herein, wherein the moving vehicle is in a location selected from a location behind the
vehicle in a same traffic lane, a location next to the vehicle in an adjacent traffic lane, a
location in an opposite traffic lane to the vehicle, or a location within a predefined radius
to the vehicle.

Example 57 may include the apparatus of any one of examples 49-54 and/or some
other examples herein, wherein the first characteristic or the second characteristic
includes a light intensity, a light wavelength, a light energy, a light distribution, a light
angle, a light distance, a light area, or a duration for a light characteristic.

Although certain embodiments have been illustrated and described herein for
purposes of description this application is intended to cover any adaptations or variations
of the embodiments discussed herein. Therefore, it is manifestly intended that

embodiments described herein be limited only by the claims.
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Claims

What is claimed is:

1. A computer assisted or autonomous driving vehicle, comprising:
a lighting device on the vehicle to emit a light with a first characteristic;
a sensor on the vehicle to receive a light from a non-natural light source
external to the vehicle; and
a computer assisted or autonomous driving system on the vehicle, coupled
to the lighting device and the sensor to:
obtain a second characteristic of the light received by the sensor
from the non-natural light source external to the vehicle; and
adjust, based on the second characteristic of the light received, the
lighting device on the vehicle to emit a light with a third characteristic different from the
first characteristic.
2. The vehicle of claim 1, wherein the computer assisted or autonomous
driving system is to further:
adjust, based on a user’s preference, the lighting device on the vehicle to
emit a light with a fourth characteristic different from the first characteristic.
3. The vehicle of claim 1, further comprising:
a receiver on the vehicle to receive an instruction from a sender external to
the vehicle to adjust the lighting device on the vehicle; and
the computer assisted or autonomous driving system is to further:
adjust, based on the received instruction, the lighting device on
the vehicle to emit a light with a fourth characteristic different from the first
characteristic.
4. The vehicle of claim 3, wherein the instruction 1s received from another
vehicle, or from a cloud computing environment.
5. The vehicle of claim 1, wherein the computer assisted or autonomous
driving system is to further:
generate information based on the first characteristic of the light emitted
from the lighting device and the second characteristic of the light received by the sensor;

and the vehicle further includes:
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a transmitter on the vehicle to transmit the generated information to adjust
the non-natural light source external to the vehicle.

6. The vehicle of claim 1, wherein the non-natural light source external to the
vehicle includes a lighting device on a moving vehicle, or a stationary lighting device.

7. The vehicle of claim 6, wherein the computer assisted or autonomous
driving system is to further:

communicate with the moving vehicle to adjust the lighting device on
the moving vehicle to emit a light with a fourth characteristic different from the
second characteristic.

8. The vehicle of claim 6, wherein the moving vehicle is in a location
selected from a location behind the vehicle in a same traffic lane, a location next to the
vehicle in an adjacent traffic lane, a location in an opposite traffic lane to the vehicle, or a
location within a predefined radius to the vehicle.

9. The vehicle of any one of claims 1-8, wherein the lighting device on the
vehicle is a first lighting device on the vehicle, and the vehicle further includes a second
lighting device on the vehicle; and the computer assisted or autonomous driving system is
to further:

adjust the second lighting device on the vehicle to emit a light with a
fourth characteristic, wherein the second lighting device is adjusted differently from the
first lighting device.

10.  The vehicle of any one of claims 1-8, wherein the first characteristic or the
second characteristic includes a light intensity, a light wavelength, a light energy, a light
distribution, a light angle, a light distance, a light area, or a duration for a light
characteristic.

11.  The vehicle of any one of claims 1-8, wherein the lighting device on the
vehicle includes a selected one of a headlamp, an auxiliary lamp, a front fog lamp, a
cornering lamp, a spot light lamp, a daytime running lamp, a dim-dip lamp, a high
intensity discharge lamp, a side marker light lamp, an emergency lamp, a reversing lamp,
or an identification lamp.

12. An apparatus for on-board computer assisted or autonomous driving of
vehicles, comprising:

one or more processors disposed on a vehicle; and
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a computer assisted or autonomous driving system on the vehicle to be operated

by the one or more processors to:

determine a first characteristic of a light emitted by a lighting device on
the vehicle coupled to the computer assisted or autonomous driving system;

obtain a second characteristic of a light received by a sensor on the vehicle
from a non-natural light source external to the vehicle; and

adjust, based on the second characteristic of the light received, the lighting
device on the vehicle to emit a light with a third characteristic different from the first
characteristic.

13.  The apparatus of claim 12, wherein the computer assisted or autonomous
driving system on the vehicle to be operated by the one or more processors is further to:

adjust, based on an instruction received by a receiver on the vehicle, the lighting
device on the vehicle to emit a light with a fourth characteristic different from the first
characteristic.

14.  The apparatus of claim 12, wherein the computer assisted or autonomous
driving system on the vehicle to be operated by the one or more processors is further to:

adjust, based on a user’s preference, the lighting device on the vehicle to emita
light with a fourth characteristic different from the first characteristic.

15.  The apparatus of claim 12, wherein the lighting device on the vehicle is a
first lighting device on the vehicle, and the vehicle further includes a second lighting
device on the vehicle; and the computer assisted or autonomous driving system on the
vehicle to be operated by the one or more processors is further to:

adjust the second lighting device on the vehicle to emit a light with a
fourth characteristic, wherein the second lighting device is adjusted differently from the
first lighting device.

16.  The apparatus of claim 12, wherein the computer assisted or autonomous
driving system on the vehicle to be operated by the one or more processors is further to:

generate information based on the first characteristic of the light emitted from the
lighting device and the second characteristic of the light received by the sensor; and

transmit the generated information to adjust the non-natural light source external
to the vehicle.

17.  The apparatus of claim 12, wherein the non-natural light source external to

the vehicle includes a lighting device on a moving vehicle, or a stationary lighting device.
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18.  The apparatus of claim 17, wherein the computer assisted or autonomous
driving system on the vehicle to be operated by the one or more processors is further to:

communicate with the moving vehicle to adjust the lighting device on the moving
vehicle to emit a light with a fourth characteristic different from the
second characteristic.

19.  The apparatus of claim 17, wherein the moving vehicle is in a location
selected from a location behind the vehicle in a same traffic lane, a location next to the
vehicle in an adjacent traffic lane, a location in an opposite traffic lane to the vehicle, or a
location within a predefined radius to the vehicle.

20.  The apparatus of any one of claims 12-17, wherein the first characteristic
or the second characteristic includes a light intensity, a light wavelength, a light energy, a
light distribution, a light angle, a light distance, a light area, or a duration for a light
characteristic.

21. A method for a computer assisted or autonomous driving system of
lighting control for a vehicle, comprising:

determining a first characteristic of a light emitted by a lighting device on
the vehicle coupled to the computer assisted or autonomous driving system;

obtaining a second characteristic of a light received by a sensor on the
vehicle from a non-natural light source external to the vehicle; and

adjusting, based on the second characteristic of the light received, the
lighting device on the vehicle to emit a light with a third characteristic different from the
first characteristic.

22.  The method of claim 21, further comprising:

adjusting, based on an instruction received by a receiver on the vehicle, the
lighting device on the vehicle to emit a light with a fourth characteristic different from the
first characteristic.

23. The method of claim 21, further comprising:

adjusting, based on a user’s preference, the lighting device on the vehicle to emit a
light with a fourth characteristic different from the first characteristic.

24.  The method of claim 21, wherein the lighting device on the vehicle is a
first lighting device on the vehicle, and the vehicle further includes a second lighting

device on the vehicle; and the method further comprises:
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adjusting the second lighting device on the vehicle to emit a light with a
fourth characteristic, wherein the second lighting device is adjusted differently from the
first lighting device.
25.  One or more non-transitory computer-readable media comprising
5  instructions that cause a computer assisted or autonomous driving system in a vehicle, in
response to execution of the instructions by the computer assisted or autonomous driving

system, to perform the method of any one of claims 21-24.
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INTERNATIONAL SEARCH REPORT International application No.
PCT/CN2017/078947

A. CLASSIFICATION OF SUBJECT MATTER
B60Q 1/08(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

B60Q1/-

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

CNPAT,CNKILSIPOABS,EPODOC:vehicle,car,headlight,lamp,light source,lighting,sensor,detector,glare,change,adjust,
modulate,anti,prevent, avoid

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X CN 1785715 A (SICHUAN KETAI INTELLIGENT ELECTRONICS CO., LTD.) 14 June 1-6, 8-17, 19-25
2006 (2006-06-14)
description pages 2-4, figures 1-6

Y CN 1785715 A (SICHUAN KETAI INTELLIGENT ELECTRONICS CO., LTD.) 14 June 7, 18
2006 (2006-06-14)
description pages 2-4, figures 1-6

Y CN 106274647 A (LG ELECTRONICS INC.) 04 January 2017 (2017-01-04) 7, 18
description paragraphs[0016]-[0019]

X CN 106043104 A (SHANGHAI KOITO AUTOMOTIVE LAMP CO., LTD.) 26 October 1-6, 8-17, 19-25
2016 (2016-10-26)
description paragraphs [0005]-[0021]+ [0041], figures 1-3

X CN 105751958 A (FOSHAN LICHUANGDE TECHNOLOGY CO., LTD.) 13 July 2016 1, 2, 6, 9-12,
(2016-07-13) 14, 15, 17,

description paragraphs[0030]-[0043] 20, 21, 23-25

X CN 1692470 A (CHON, YOUNG ILL ET AL.) 02 November 2005 (2005-11-02) 1, 2, 6, 9-12,
description pages 10-20, figures 3-7 14, 15, 17,

20, 21, 23-25

Further documents are listed in the continuation of Box C. See patent family annex.

*  Special categories of cited documents: «1* later document published after the international filing date or priority
date and not in conflict with the application but cited to understand the

“A” document defining the general state of the art which is not considered principle or theory underlying the invention

to be of particular relevance g . . .
. . - . . . “X” document of particular relevance; the claimed invention cannot be
E” ecarlier application or patent but published on or after the international considered novel or cannot be considered to involve an inventive step
filing date when the document is taken alone
“1* document which may throw doubts on priority claim(s) or which is oy
cited to establish the publication date of another citation or other considered to involve an inventive step when the document is
special reason (as specified) combined with one or more other such documents, such combination
«“0” document referring to an oral disclosure, use, exhibition or other being obvious to a person skilled in the art
means «&” document member of the same patent family
«p” document published prior to the international filing date but later than
the priority date claimed

document of particular relevance; the claimed invention cannot be

Date of the actual completion of the international search Date of mailing of the international search report
05 December 2017 28 December 2017
Name and mailing address of the ISA/CN Authorized officer
STATE INTELLECTUAL PROPERTY OFFICE OF THE
P.R.CHINA
6, Xitucheng Rd., Jimen Bridge, Haidian District, Beijing SHI,Minfeng
100088
China
Facsimile No. (86-10)62019451 Telephone No. (86-10)62413317

Form PCT/ISA/210 (second sheet) (July 2009)
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C. DOCUMENTS CONSIDERED TO BE RELEVANT
Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A JP 56261852 A (NISSAN MOTOR) 18 March 1987 (1987-03-18) 1-25
the whole document

Form PCT/ISA/210 (second sheet) (July 2009)
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Information on patent family members
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. Patc.ant document Publication date Patent family member(s) Publication date
cited in search report (day/month/year) (day/month/year)
CN 1785715 A 14 June 2006 CN 100360339 C 09 January 2008
CN 106274647 A 04 January 2017 EP 3109095 Al 28 December 2016
us 2016377251 Al 29 December 2016
KR 20170000666 A 03 January 2017
CN 106043104 A 26 October 2016 None
CN 105751958 A 13 July 2016 None
CN 1692470 A 02 November 2005 KR 20040041800 A 20 May 2004
CA 2483140 Al 27 May 2004
Jp 2006501627 A 12 January 2006
us 2005141232 Al 30 June 2005
KR 100506765 Bl 05 August 2005
DE 10392541 TS5 19 January 2006
WO 2004044945 Al 27 May 2004
us 7157856 B2 02 January 2007
AU 2003282402 Al 03 June 2004
EP 1561235 Al 10 August 2005
Jp $6261852 A 18 March 1987 None

Form PCT/ISA/210 (patent family annex) (July 2009)
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