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41 GL Measuring a defined area of a path below the sensor to
obtain a sensor measurement

42@1\ Receiving vehicle information from the communication
systemy of the vehicle

Determinung, at least one of environmental condition
43(}7\ information within the defined area of the path below the
sensor system or characteristic information associated
with an object within the area of the road below the sensor
using the sensor measurement

440 Sending at least one of the environmental condition
_Z\\ information or the characteristic information to a
communication system of a vehicle
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AUTONOMOUS VEHICLE ASSISTANCE
SYSTEMS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 62/637,732, filed Feb. 27, 2017.

BACKGROUND

[0002] Autonomous vehicles are configured to navigate
through an environment with little or no input from a driver.
An autonomous vehicle may include multiple sensors that
take scene measurements within an area surrounding the
autonomous vehicle. The autonomous vehicle may use
information from the environmental measurements to navi-
gate through the environment, avoid collisions, and effi-
ciently reach a destination. For example, if a processor uses
a sensor to identify the vehicle is approaching an obstacle,
the autonomous vehicle may navigate around the obstacle to
avoid a collision.

SUMMARY

[0003] A sensor system including a sensor, a processor,
and a communication subsystem. The sensor may measure a
defined area of a path located below the sensor system to
obtain a sensor measurement. The processor may be coupled
to the sensor. The processor may determine at least one of
environmental condition information within the defined area
or characteristic information associated with an object
within the defined area using the sensor measurement. The
communication subsystem may be coupled to the processor.
The communication subsystem may send at least one of the
environmental condition information or the characteristic
information to a communication system of a vehicle.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] The present description will be understood more
fully from the detailed description given below and from the
accompanying drawings of various embodiments of the
present embodiment, which, however, should not be taken to
limit the present embodiment to the specific embodiments,
but are for explanation and understanding only.

[0005] FIG. 1A shows an autonomous vehicle system with
autonomous vehicles traveling along a pathway and a sensor
assistance system, according to an embodiment.

[0006] FIG. 1B shows the autonomous vehicle system
with the autonomous vehicles traveling along the pathway
and the sensor assistance system located at a junction along
the pathway, according to an embodiment.

[0007] FIG. 1C shows the autonomous vehicle system
with the autonomous vehicles traveling along the pathway
and the sensor assistance system attached to sensor support
structure that is an aerial vehicle above the pathway, accord-
ing to an embodiment.

[0008] FIG. 2 shows the sensor system with a sensor, a
processor, a controller, a communications subsystem, and a
navigation subsystem, according to an embodiment.
[0009] FIG. 3A shows a flowchart for an autonomous
vehicle communicating with the sensor assistance system in
FIG. 1, according to an embodiment.

[0010] FIG. 3B shows the flowchart in FIG. 3A for the
autonomous vehicle communicating with the sensor assis-
tance system in FIG. 1, according to an embodiment.
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[0011] FIG. 4 illustrates a method for sending environ-
mental condition information or characteristic information
to a vehicle, according to an embodiment.

DETAILED DESCRIPTION

[0012] The disclosed autonomous vehicle assistance sys-
tems will become better understood through a review of the
following detailed description in conjunction with the fig-
ures. The detailed description and figures provide merely
examples of the various embodiments described herein.
Those skilled in the art will understand that the disclosed
examples may be varied, modified, and altered without
departing from the scope of the embodiments described
herein. Many variations are contemplated for different appli-
cations and design considerations; however, for the sake of
brevity, each and every contemplated variation is not indi-
vidually described in the following detailed description.
[0013] Throughout the following detailed description,
examples of various autonomous vehicle assistance systems
are provided. Related features in the examples may be
identical, similar, or dissimilar in different examples. For the
sake of brevity, related features will not be redundantly
explained in each example. Instead, the use of related feature
names will cue the reader that the feature with a related
feature name may be similar to the related feature in an
example explained previously. Features specific to a given
example will be described in that particular example. The
reader should understand that a given feature need not be the
same or similar to the specific portrayal of a related feature
in any given figure or example.

[0014] Autonomous vehicles are configured to navigate
through an environment with little or no input from a driver.
In one example, an autonomous vehicle may navigate a
roadway of transportation system between a starting point
and an ending point. In another example, the autonomous
vehicle may navigate an off-road path. The roadway or
off-road path may have objects, obstacles, or rules that
vehicles must follow when traversing the roadway or off-
road path. For example, when the autonomous vehicle is
traveling along a roadway, the autonomous vehicle may
have to avoid other vehicles, stay within a designated lane
for the vehicle, and obey other law and rules for vehicles
traveling on the roadway. Similarly, when the autonomous
vehicle travels off-road, the autonomous vehicle may avoid
obstacles and may stay on a designated off-road path to
avoid dangers.

[0015] Conventionally, an autonomous vehicle has a con-
trol system that controls one or more of the systems or
sub-systems of the autonomous vehicle. For example, the
control system may include a steering system, a braking
system, a transmission system, and a throttle system. To
travel along the roadway and/or off-road path, the autono-
mous vehicle may include multiple sensors that the control
system uses to take sensor measurements within an area
surrounding the autonomous vehicle. The autonomous
vehicle may use information from the sensor measurements
to navigate through the roadway or off-road path, avoid
collisions, and efficiently reach a destination. For example,
when a processor uses the sensor measurements to identify
an obstacle is a route of the autonomous vehicle, the
processor and/or the control system may navigate around the
obstacle to avoid a collision.

[0016] For example, based on one or more of sensor
measurements, the control system may apply a brake, adjust
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the steering, accelerate, decelerate, and so forth. Conven-
tionally, to avoid false data points, incomplete obstacle data,
misidentification of objects, and incorrect vehicle move-
ments, the autonomous vehicle may include a sensor array
of different sensors. The conventional sensor array may be
very extensive, combining a relatively large number of
sensors located at multiple locations on the autonomous
vehicle. The relatively large sensor array may be expensive
and may be time-consuming to install. Additionally, the
sensors of the sensor array may have a limited perspective
and distance from the vehicle that they may take measure-
ments. For example, the conventional autonomous vehicle
sensors may only take measurements within a radius of
10-20 feet around the vehicle and may only take the mea-
surements at the current location of the vehicle. In this
example, the conventional autonomous vehicle sensors may
not take measurements around a corner or more than 20 feet
up the roadway or off-road path. The conventional autono-
mous vehicle is also limited to the sensors that may be
integrated or attached to the conventional autonomous
vehicle and is not upgradable after it is manufactured. The
limited range, limited sensor perspective, necessity of a
large sensor array, and the substantial cost of the sensor array
may limit the viability of conventional autonomous vehicles
as mass consumer products because the cost may be too
expensive and the safety and reliability of the conventional
autonomous vehicles may be unacceptable to a user.

[0017] The embodiments described herein may address
the above-noted deficiencies by providing a sensor assis-
tance system that may be located off of or apart from the
autonomous vehicles. The sensor assistance system may
include a sensor support structure configured to hold a
sensor system above a roadway or an off-road path. The
sensor system may include a sensor to capture a sensor
measurement within an area of the path below the sensor
system. The sensor system may also include a communica-
tion subsystem to receive vehicle information from one or
more vehicles within a communication distance of the
communication subsystem. The sensor system may also
include a processing device coupled to the sensor and the
communication subsystem. The processing device may
determine at least one of environmental condition informa-
tion within the area of the path below the sensor system or
characteristic information associated with an object within
the area of the path below the sensor system using the sensor
measurement and/or the vehicle information. The processing
device may use the communication subsystem to send the
environmental condition information and/or the character-
istic information to a communication system of one or more
vehicles within the communication range of the communi-
cation subsystem. The sensor assistance system may provide
a sensor system that may be used or shared by multiple
autonomous vehicles. When multiple autonomous vehicles
share the sensor assistance system, the cost of the sensor
assistance system may be spread across multiple users,
thereby reducing the cost to any given individual.

[0018] FIG. 1A shows an autonomous vehicle system 100
with autonomous vehicles 102 and 104 traveling along a
pathway 106 with a sensor assistance system 108, according
to an embodiment. The autonomous vehicle 102 may
include a first sensor array 109 and the second autonomous
vehicle 104 may include a second sensor array 111. The first
and second sensor arrays 109 and 111 may include image
sensors, optical sensors, cameras, light detection and rang-
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ing (LIDAR) sensors (also referred to as laser detection and
ranging sensors), radio detection and ranging (RADAR)
sensors, odometers, position sensors, location sensors,
sound sensors, heat sensors, and so forth. The autonomous
vehicle 102 may use the first sensor array 109 and the second
autonomous vehicle 104 may use the second sensor array
111 to detect objects along the pathway 106. The pathway
106 may be a highway, freeway, road, off-road path, and so
forth. For example, the autonomous vehicle 102 may use the
first sensor array 109 to detect other cars, potholes, vehicle
lanes, pathway, turns, stop lights, and so forth.

[0019] The level and type of the autonomous vehicles 102
and 104 may vary. In one example, the autonomous vehicles
102 and/or 104 may be level 1 autonomous vehicles, where
most functions of the autonomous vehicles are still con-
trolled by the driver, but a specific function like steering or
acceleration can be done automatically by the autonomous
vehicles. In another example, the autonomous vehicles 102
and/or 104 may be level 2 autonomous vehicles, where at
least one subsystem of the steering and acceleration systems
of the autonomous vehicles are automated, such as cruise
control and lane-centering and the driver is still able to take
control of the autonomous vehicles. In another example, the
autonomous vehicles 102 and/or 104 may be level 3 autono-
mous vehicles, where the drivers are still in control if
necessary, but the autonomous vehicles are able to com-
pletely shift safety-critical functions to the vehicle under
defined traffic or environmental conditions. In another
example, the autonomous vehicles 102 and/or 104 may be
level 4 autonomous vehicles where the autonomous vehicles
are fully autonomous and may perform all safety-critical
driving functions and monitor roadway conditions for entire
trips within defined driving scenarios. In another example,
the autonomous vehicles 102 and/or 104 may be level 5
autonomous vehicles where the autonomous vehicles are
fully autonomous, may drive in all driving scenarios, and
may perform equal to or better than human drivers.

[0020] The autonomous vehicles 102 and 104 may include
control systems that use measurements from the first sensor
array 109 and the second sensor array 111, respectively, to
identify how to maneuver and control the autonomous
vehicles 102 and 104 based on the identified scene along the
pathway 106. The first autonomous vehicle 102 may include
a first communication system 116 and the second autono-
mous vehicle 104 may include a second communication
system 118.

[0021] The control systems of the first autonomous vehicle
102 and the second autonomous vehicle 104 may use the
first and second communication systems 116 and 118 to
communicate with each other, other vehicles, and/or the
sensor assistance system 108. For example, the sensor
assistance system 108 may be an off-vehicle system to take
measurements separate from the first sensor array 109 or the
second sensor array 111.

[0022] The sensor assistance system 108 may include a
sensor support structure 110 configured to hold a sensor
system 112. In one example, the sensor support structure 110
may hold the sensor system 112 at approximately the same
height as vehicles traveling along the pathway 106. In
another example, the sensor support structure 110 may hold
the sensor system 112 above a pathway 106. In one example,
the sensor support structure 110 may hold the sensor system
112 at a height above the pathway 106 of approximately 10
meters (m). In another example, the sensor support structure
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110 may hold the sensor system 112 at a height above the
pathway between 10 m and 1000 m. In one embodiment, the
sensor support structure 110 may hold the sensor system 112
above the pathway 106 at a height of 8 feet to 12 feet.

[0023] In another embodiment, the sensor support struc-
ture 110 may be a stop light pole, a street light pole, a
billboard pole, and so forth. In another embodiment, the
sensor support structure 110 may hold the sensor system 112
along a side or edge of the pathway 106. In another
embodiment, the sensor support structure 110 may extend at
least partially over the pathway 106 such that the sensor
system 112 is located over top of at least a portion of the
pathway 106. For example, the sensor support structure 110
may extend over a lane of the pathway 106 or over a middle
of a multilane pathway 106. The sensor support structure
110 extending at least partially over the pathway 106 may
provide the sensors of the sensor system 112 with an
overview perspective of the pathway 106 to provide sensor
measurements that may be unique and different from sensor
measurements taken by the first sensor array 109 and the
second sensor array 111.

[0024] The sensor system 112 may include image sensors,
optical sensors, cameras (such as optical, day-light, and
night vision cameras), LIDAR sensors, RADAR sensors,
speed sensors, position sensors, location sensors, sound
sensors, heat or temperature sensors, precipitation or
weather sensors, wind sensors, humidity sensors, and so
forth. The sensor system 112 may use the sensors to obtain
scene information, such as environmental information,
object information, movement information, and so forth. In
one example, the environmental information may include
temperature information, humidity information, weather
condition information, wind speed information, roadway
temperature information, roadway condition information,
and so forth. In another example, the object information may
include a location of a first object, a telemetry of the first
object, a speed of the first object, a position of the first
object, an identity or type of the first object, and so forth. In
another example, the movement information may include
information for a second object relative to a first object. In
one embodiment, the movement information may include
the location of the second object relative to the first object,
the telemetry of the second object relative to the first object,
the speed of the second object relative to the first object, a
position of the second object relative to the first object, an
identification or type of the second object relative to the first
object, and so forth.

[0025] The communication subsystem may communicate
with the autonomous vehicles 102 and 104 within commu-
nication range of the sensor assistance system 108. The
communication subsystem may include an antenna to send
and/or received data. The communication subsystem may
send and/or receive the data using a communications net-
work. In one embodiment, the communication subsystem
may communicate with communication systems of the
autonomous vehicles via a vehicle-to-vehicle (V2V) net-
work, a vehicle-to-everything (V2X) network, a wireless
network, a cellular network, and so forth. In one example,
the communications network may be a close-range network,
such as between 5.855-5.925 gigahertz (GHz) or 715-725
megahertz (MHz); an 802.11b/g/n/a/ad/ac/ax network (such
as a Wi-Fi® network); a 2.4 to 2.485 GHz network (such as
a Bluetooth® 1.0-5.0 network), an 802.15 network (such as
a Zigbee® network). In another example, the communica-
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tion subsystem may send raw or unanalyzed sensor data to
the autonomous vehicles 102 and 104 and a processor
onboard the autonomous vehicles 102 and 104 may process
the sensor data. In another embodiment, a processing device
of the sensor assistance system 108 may analyze the data
from the sensors to determine scene information, such as
environmental information, object information, movement
information and the communication subsystem may com-
municate the environmental information, the object infor-
mation, and/or the movement information to the autono-
mous vehicles 102 and 104.

[0026] The processing devices of the autonomous vehicles
102 and 104 may use the unanalyzed sensor data and/or the
analyzed data to determine commands related to the opera-
tion of the autonomous vehicles 102 and 104. In one
example, when the autonomous vehicles 102 and 104
receive environmental information from the sensor assis-
tance system 108 indicating that the pathway 106 may be
slippery or icy, the processing devices of the autonomous
vehicles 102 and 104 may reduce the speed of the autono-
mous vehicles 102 and 104 or switch the autonomous
vehicles 102 and 104 to all-wheel drive. In another example,
when the autonomous vehicles 102 and 104 receive move-
ment information from the sensor assistance system 108
indicating that the autonomous vehicle 102 is on a collision
course with the autonomous vehicle 104, the processing
devices of the autonomous vehicle 102 and/or the autono-
mous vehicle 104 may apply the brakes of a braking system
or adjust a plotted route along the pathway 106 to avoid the
collision.

[0027] The sensor assistance system 108 may also com-
municate information other than sensor information, such as
speed limit information, traffic alert information, tourist
information, and so forth. The sensor assistance system 108
may also relay information between the autonomous vehicle
102, the autonomous vehicle 104, and/or other vehicles.
[0028] In one example, the autonomous vehicle 102 and/
or the autonomous vehicle 104 may integrate data received
from the sensor assistance system 108 with data onboard the
autonomous vehicle 102 and/or the autonomous vehicle 104
to update or adjust the data and information the processing
devices of the autonomous vehicle 102 and the autonomous
vehicle 104 use to control the autonomous vehicle 102 and
the autonomous vehicle 104, respectively.

[0029] In another embodiment, a processing device of the
sensor assistance system 108 may be coupled to the sensor
system 112. The processing device may determine the scene
information, such as environmental information, the object
information, the movement information, and so forth, as
discussed above. In one example, the processing device may
determine the environmental condition information within
the defined area of the pathway 106 below the sensor
assistance system 108. In another example, the processing
device may determine characteristic information associated
with an object within the area of the pathway 106 below the
sensor assistance system 108. The processing device may
send the scene information to an autonomous vehicle using
the communication subsystem of the sensor assistance sys-
tem 108.

[0030] In one embodiment, the sensor assistance system
108 may use measurements from the sensor and/or infor-
mation from the autonomous vehicles 102 and 104 to
generate a two-dimensional (2D) description or a three-
dimensional (3D) description of a scene approximate or
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surrounding the autonomous vehicles 102 and/or 104. In
another example, the sensor assistance system 108 may send
the measurements from the sensors and/or other information
to the autonomous vehicles 102 and 104, and the processing
systems of the autonomous vehicles 102 and 104 may
generate the 2D description or 3D description of a scene
approximate or surrounding the autonomous vehicles 102
and/or 104.

[0031] FIG. 1B shows the autonomous vehicle system 100
with the autonomous vehicles 102 and 104 traveling along
the pathway 106 and the sensor assistance system 108
located at a junction along the pathway 106, according to an
embodiment. Some of the features in FIG. 1B are the same
or similar to some of the features in FIG. 1A as noted by
same reference numbers, unless expressly described other-
wise. As discussed above, the sensor assistance system 108
may be located alongside the pathway 106, where the sensor
system 112 may overhang part of the pathway 106 or be
located on a sensor support structure 110 approximate to the
pathway 106. In another embodiment, the sensor assistance
system 108 may be located at a junction of the pathway 106.
In one example, the junction may be a 3-way intersection, a
4-way intersection, a 5-way intersection, and so forth. In
another example, the junction may be a Y junction, a T
junction, a round-about junction, a fork junction, an on-
ramp, an off-ramp, and so forth. In one embodiment, the
sensor assistance system 108 may be located at approxi-
mately the center of the junction. In one example, the sensor
support structure 110 may be a pole at the center of the
junction. In another example, the sensor support structure
110 may be a wire that spans a portion of the junction, where
the sensor system 112 hangs from the wire. In another
embodiment, the sensor assistance system 108 may be
located at the edges or corners of the junction. For example,
the sensor support structure 110 may be a pole or beam
located at the edge or corner of the junction and the sensor
system 112 may be attached to the top of the pole or beam.
[0032] The sensor assistance system 108 may be located at
the junction of the pathway 106 because the junctions may
be relatively complex and problematic locations along the
pathway 106 with more objects and variables for the autono-
mous vehicles 102 and 104 to sense. For example, the
junction may include multiple autonomous vehicles, non-
autonomous vehicles, pedestrians, bikers, and animals going
multiple directions within the junction. The sensors of the
autonomous vehicles 102 and 104 may have a limited range
and sensing perspective or angle to sense the various objects
at the intersection. The sensor assistance system 108 may be
located at the junction to provide additional sensor infor-
mation to the autonomous vehicles 102 and 104 to enable the
autonomous vehicles 102 and 104 to more accurately sense
the objects at the junction.

[0033] FIG. 1C shows the autonomous vehicle system 100
with the autonomous vehicles 102 and 104 traveling along
the pathway 106 and the sensor assistance system 108
attached to a sensor support structure 110 that is an aerial
vehicle above the pathway 106, according to an embodi-
ment. Some of the features in FIG. 1C are the same or
similar to some of the features in

[0034] FIGS. 1A-B as noted by same reference numbers,
unless expressly described otherwise. In one embodiment,
the sensor support structure 110 may be an aerial vehicle.
For example, the aerial vehicle may be a drone, an
unmanned aerial vehicle (UAV), an unmanned aircraft sys-
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tem (UAS), and so forth. In one example, the aerial vehicle
may be autonomous with an internal control system to direct
the aerial vehicle to the desired location for a sensor assis-
tance system 108. In another example, the aerial vehicle may
be controlled by an individual to direct the aerial vehicle to
the desired location for the sensor assistance system 108.
[0035] In one embodiment, the aerial vehicle may change
the location of the sensor system 112 based on instructions
from an individual or an internal control system. For
example, the aerial vehicle may change its location when the
weather changes, when there is a change in a traffic pattern
along the pathway 106, when there is a change in the amount
of traffic along the pathway 106, when there is an accident
along the pathway 106, and so forth. In another embodiment,
the aerial vehicle may change a height the sensor system 112
is located above the pathway 106. For example, the aerial
vehicle may change its distance from the surface of the
pathway 106 when the weather changes, when there is a
change in a traffic pattern along the pathway 106, when there
is a change in the amount of traffic along the pathway 106,
when there is an accident along the pathway 106, and so
forth. For example, when the weather is windy, rainy, or
snowy, the aerial vehicle may change is location or distance
from the surface of the pathway 106 so that the aerial vehicle
may continue to remain aerial. In another example, when a
traffic accident is detected within a defined range of the
current location of the aerial vehicle, the aerial vehicle may
change is location and/or distance from the surface of the
pathway 106 to provide additional information regarding the
traffic accident to the autonomous vehicles 102 and 104
[0036] FIG. 2 shows the sensor system 112 with a sensor
202, a processor 216, a controller 218, a communications
subsystem 220, and a navigation subsystem 222, according
to an embodiment. Some of the features in FIG. 2 are the
same or similar to some of the features in FIGS. 1A-C as
noted by same reference numbers, unless expressly
described otherwise.

[0037] In one embodiment, the sensor 202 may include at
least one of a camera (204), a thermal sensor (206), a
LIDAR sensor (208), a RADAR sensor (210), a microphone
(212), or other sensors (214). The camera 204 may be a
day-light camera, a night-vision camera, an optical camera,
an infrared camera, and so forth. The thermal sensor 206
may be a thermal imaging camera, a thermistor, a thermom-
eter, a temperature gauge, and so forth. The microphone 212
may be a diaphragm microphone, a dynamic microphone, a
condenser microphone, a ribbon microphone, a boundary
microphone, and so forth. The other sensors 214 may
include other sensors used to detect objects, surface condi-
tions, environmental sensors, weather sensors, and so forth.
[0038] The processor 216 may be coupled to the sensors
202 and/or the controller 218. In one embodiment, the
processor 216 may analyze information and data from the
sensors. For example, the processor 216 may analyze the
information and data from the sensors to identify the types
of objects within the range of the sensors, determine a
velocity or direction of the objects, determine conditions of
the pathway 106 in FIGS. 1A-C, and so forth.

[0039] The controller 218 may be coupled to the sensors
202 and/or the processor 216. In one example, the controller
218 may control or adjust one or more settings of the sensors
202. For example, the controller 218 may control a focus
setting, shutter setting, or zoom setting of the camera 204. In
another example, the controller 218 may control or adjust a
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function or tuning parameter of the sensors 202. For
example, when the sensor system 112 is connected to the
aerial drone, as discussed above, as the aerial drone changes
location or distance from the surface of the pathway 106 in
FIGS. 1A-C, the controller 218 may adjust one or more
settings of the sensors 202.

[0040] In one embodiment, the controller 218 may be a
single controller that controls the sensors 202. In another
embodiment, the controller 218 may be multiple controllers
that each control different sensors. In another embodiment,
the multiple controllers may be dedicated controllers to
adjust the sensors to detect different types of information,
such as environmental information, weather information,
object information, traffic information, and so forth.
[0041] When the sensor support structure 110 is an aerial
vehicle, the controller 218 may control the aerial vehicle.
For example, the controller 218 may control the location,
speed, distance from the surface of the pathway 106, an
angle of flight, and so forth of the aerial vehicle. The
controller 218 may also monitor the battery life of a power
source of the aerial vehicle and when the battery life
remaining decreases below a threshold level, the controller
218 may navigate the aerial vehicle to a charging station or
a location to receive a new power source. In one embodi-
ment, the controller 218 may be coupled to the navigation
subsystem 222. The navigation subsystem 222 may provide
the controller 218 and/or the processor 216 with location
information that the controller 218 and/or the processor 216
may use when controlling the flight of the aerial vehicle. For
example, the navigation subsystem 222 may include a global
positioning system (GPS) that may use multiple satellite
signals to determine a position of the aerial vehicle as well
as determine the surrounding landmarks and environment.
The navigation subsystem may also generate a two dimen-
sional (2D) or three dimensional (3D) map of the area
surrounding the aerial vehicle that the controller 218 and/or
the processor 216 may use to navigate the aerial vehicle.
[0042] The communications subsystem 220 may be
coupled to the processor 216. The communications subsys-
tem 220 may send or receive data or information with other
devices. For example, the communications subsystem 220
may send or receive data with a communications system of
an autonomous vehicle, another sensor assistance system, a
base station, and so forth. The communication subsystem
220 may communicate with the other devices via a vehicle
to vehicle (V2V) network, a wireless network, wireless local
area network (WLAN), a local area network (LAN), a wide
area network (WAN), a cellular network, and so forth. In one
example, the communications network may be a close-range
network, such as between 5.855-5.925 gigahertz (GHz) or
715-725 megahertz (MHz); an 802.11b/g/n/a/ad/ac/ax net-
work (such as a Wi-Fi® network); a 2.4 to 2.485 GHz
network (such as a Bluetooth® 1.0-5.0 network), an 802.15
network (such as a Zigbee® network), a vehicle to every-
thing network (V2X), an ITS-GS network, and so forth. In
another example, the communications network may be a
second generation (2G) cellular network, a third-generation
(3G) cellular network, a fourth generation (4G) cellular
network, a fifth generation (5G) cellular network, and so
forth. The communications network may be for a long
distance communication system to connect to a base station,
a headquarters, a traffic control center, and so forth.

[0043] FIG. 3A shows a flowchart 300 for an autonomous
vehicle communicating with an off-vehicle assistance sys-
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tem 320 in FIG. 1, according to an embodiment. The
autonomous vehicle may store vehicle onboard information
310, such as the type of vehicle, the mileage of the vehicle,
the level of autonomy of the vehicle, the processing capa-
bilities of the vehicle, and so forth. In one example, the
vehicle onboard information 310 may be used by the off-
vehicle assistance system 320 and/or the vehicle processing
system 324, as discussed below, to improve the accuracy of
the scene description that it generates. The off-vehicle
assistance system 320 and/or the vehicle processing system
324 may improve the accuracy because the off-vehicle
assistance system 320 and/or the vehicle processing system
324 may adjust or customize the scene information based on
the information about the autonomous vehicle. For example,
when the vehicle is a large truck, the off-vehicle assistance
system 320 and/or the vehicle processing system 324 may
adjust or customize the scene information for the large truck
rather than a small car. The off-vehicle assistance system
320 may be the sensor assistance system 108 in FIGS.
1A-1C.

[0044] The autonomous vehicle may also capture sensor
information using vehicles sensors 312. The vehicle pro-
cessing system 314 for the autonomous vehicle may retrieve
vehicle onboard information and/or receive the sensor infor-
mation from the vehicle sensors 312. The vehicle processing
system 314 may analyze the vehicle onboard information
and/or the sensor information to determine scene informa-
tion. For example, vehicle sensors 312 may constantly
capture the scene information within a sensor radius of the
autonomous vehicle. The sensor radius may be a radius
where the vehicle sensors may collect reliable and usable
information. A vehicle communication system may send the
raw or analyzed vehicle onboard information and sensor
information to the off-vehicle communication system 318 of
the off-vehicle assistance system 320. The off-vehicle com-
munication system 318 may be coupled to a processing
device of an off-vehicle assistance system 320 and the
off-vehicle communication system 318 may send the raw or
analyzed vehicle onboard information and sensor informa-
tion to the processing device 20. The off-vehicle assistance
system 320 may also include a sensor system with sensors
to capture scene information within a sensor radius of the
off-vehicle assistance system 320. For example, when the
off-vehicle assistance system 320 is located above the path-
way of the autonomous vehicle, the off-vehicle assistance
system 320 may periodically or continuously capture the
scene information within a sensor radius of the sensors of the
off-vehicle assistance system 320.

[0045] In one embodiment, the off-vehicle assistance sys-
tem 320 may aggregate the onboard information and/or
sensor information from the autonomous vehicle and the
sensor information from the sensors of the off-vehicle assis-
tance system 320 to determine updated scene information,
such as environmental condition information and character-
istic information. In another embodiment, the updated scene
information may only include the sensor information from
the sensors of the off-vehicle assistance system 320. In
another embodiment, the off-vehicle assistance system 320
may analyze the sensor information from the sensors of the
off-vehicle assistance system 320 to determine updated
scene information. In another embodiment, the vehicle pro-
cessing system 324 may receive unanalyzed or raw data
from the off-vehicle assistance system 320, and the vehicle
processing system 324 may analyze the unanalyzed or raw
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data from the off-vehicle assistance system 320 to determine
updated scene information. In one example, the updated
scene information may be scene information that is more
accurate than the onboard information and sensor informa-
tion from the autonomous vehicle or the sensor information
from the sensors of the off-vehicle assistance system 320
separately. In another example, the updated scene informa-
tion may be a 2D description 326 or a 3D description 328 of
the scene and the objects on the pathway.

[0046] The off-vehicle communication system 318 may
send the updated scene information to a vehicle communi-
cation system 322. In one embodiment, the vehicle commu-
nication system 322 may be the same as the vehicle com-
munication system 316. In another embodiment, the vehicle
communication system 322 may be for a different autono-
mous vehicle.

[0047] The vehicle processing system 324 may use the
updated scene information to determine the scene surround-
ing the autonomous vehicle. In one embodiment, the vehicle
processing system 324 may be the same as the vehicle
processing system 314. In another embodiment, the vehicle
processing system 324 may be for a different autonomous
vehicle.

[0048] The vehicle processing system 324 may adjust the
control instructions that control the autonomous vehicle in
view of the updated scene information. For example, when
the update scene information indicates that there is an object,
such as a bike, in front of the autonomous vehicle, the
vehicle processing system 324 may adjust a route of the
autonomous vehicle to avoid the object. In another example,
the updated scene information may include information not
initially detected by the vehicle sensors 312, such as an
object that is out of range of the vehicle sensors 312. When
the vehicle processing system 324 receives the updated
scene information, the vehicle processing system 324 may
adjust a route, velocity, direction, and so forth of the
autonomous vehicle.

[0049] FIG. 3B shows the flowchart 300 in FIG. 3A for the
autonomous vehicle communicating with the off-vehicle
assistance system 320 in FIG. 3A, according to an embodi-
ment. Some of the features in FIG. 3B are the same or
similar to some of the features in FIG. 3A as noted by same
reference numbers, unless expressly described otherwise.
[0050] As discussed above, the vehicle processing system
314 may use the vehicle sensors 312 to make sensor mea-
surements to detect objects within a measurement radius of
the vehicle sensors 312. The vehicle processing system 314
may detect an object 330 using the sensor measurements. In
one embodiment, the vehicle processing system 314 may not
be able to identify what the object 330 is. For example, the
vehicle processing system 314 may detect a general shape or
form of the object 330, but interference may obscure the
exact form or shape of the object 330. For example, when
the vehicle sensor 312 is an optical camera and it is raining
heavily around the autonomous vehicle, the optical camera
may detect a general shape of the object 330, but the rain
may interfere with an exact identification of the object 330.
The off-vehicle assistance system 320 may be able to use the
sensors of the off-vehicle assistance system 320 to take
sensor measurements of the object 330 at a different angle,
height, or perspective and/or using different sensors than the
vehicle sensors 312.

[0051] The processing device of the off-vehicle assistance
system 320 or the vehicle processing system 324 may be
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able to use the measurements from the sensors of the
off-vehicle assistance system 320 to more accurately iden-
tify the object. In one example, the processing device of the
off-vehicle assistance system 320 or the vehicle processing
system 324 may aggregate the sensor measurements from
the vehicle sensors 312 and the sensors of the off-vehicle
assistance system 320 to identify the object 330. In another
example, the processing device of the off-vehicle assistance
system 320 or the vehicle processing system 324 may only
use the sensor measurements from the sensors of the off-
vehicle assistance system 320 to identify the object 330. In
one example, the object 330 may be a bicyclist along the
pathway 334 of the autonomous vehicle 332. In one embodi-
ment, the processing device of the off-vehicle assistance
system 320 or the vehicle processing system 324 also use the
sensor measurements from the vehicle sensors 312 and the
sensors of the off-vehicle assistance system 320 to determine
a speed, velocity, direction, size, shape, and so forth of the
object 330. In another embodiment, the processing device of
the off-vehicle assistance system 320 or the vehicle process-
ing system 324 also use the sensor measurements from the
vehicle sensors 312 and the sensors of the off-vehicle
assistance system 320 to generate a two-dimensional image
or a three-dimensional image of the autonomous vehicle 332
and the object 330.

[0052] In one example, the vehicle sensor 312 may cap-
ture a 2D camera image or series of camera images from the
autonomous vehicle 332 that are vertical cross sections of
the object 330 on the pathway 334 in front of the autono-
mous vehicle 332. It may be difficult for the vehicle pro-
cessing system 314 to identify the object 330 from this
position of the autonomous vehicle 332, especially when
bad weather and rain interfere with the measurement by the
vehicle sensors 312 of the object 330. When the vehicle
processing system 314 may not identify the object 330, the
vehicle processing system may request additional sensor
information from the off-vehicle assistance system 320. The
off-vehicle assistance system 320 may use an optical camera
to capture another set of a 2D camera image or series of
camera images that provide a horizontal cross-section of the
object 330. The off-vehicle assistance system 320 and/or the
vehicle processing system 314 or 324 may use the other set
of a 2D camera image or series of camera images to more
effectively and accurately identify the object 330 and char-
acteristic of the object 330, such as a speed, velocity,
direction, shape, or size of the object 330. In one embodi-
ment, the off-vehicle assistance system may analyze sensor
data from the vehicle sensors 312 and/or the sensors of the
off-vehicle assistance system 320 at a higher speed and more
accuracy than the vehicle processing system 314 because the
processing device of the off-vehicle assistance system may
not be limited in size or processing power like the vehicle
processing system 314 is to fit within the autonomous
vehicle 332.

[0053] FIG. 4 illustrates a method 400 for sending envi-
ronmental condition information or characteristic informa-
tion to a vehicle, according to an embodiment. The method
400 may be implements on one or more of a processing
device, a central processing unit (CPU), a microcontroller, a
field programmable gate array, or other types of processors.
The method may begin with measuring, by a sensor, a
defined area of a path below the sensor to obtain a sensor
measurement (block 410). In one embodiment, the sensor
may be located above a side of the path or within an area
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defined as the path. The method may include receiving, by
a communication subsystem, vehicle information from the
communication system of the vehicle (block 420). The
method may include determining, by a processing device, at
least one of environmental condition information within the
defined area of the path below the sensor system or char-
acteristic information associated with an object within the
area of the road below the sensor using the sensor measure-
ment (block 430). The method may include sending, by the
communication subsystem, at least one of the environmental
condition information or the characteristic information to a
communication system of a vehicle (block 440). In one
embodiment, the vehicle may include an autonomous driv-
ing system to receive the environmental condition informa-
tion or the characteristic information. The autonomous driv-
ing system may update a driving instruction for the vehicle
in view of the environmental condition information or the
characteristic information.
[0054] The disclosure above encompasses multiple dis-
tinct embodiments with independent utility. While each of
these embodiments has been disclosed in a particular form,
the specific embodiments disclosed and illustrated above are
not to be considered in a limiting sense as numerous
variations are possible. The subject matter of the embodi-
ments includes all novel and non-obvious combinations and
sub-combinations of the various elements, features, func-
tions and/or properties disclosed above and inherent to those
skilled in the art pertaining to such embodiments. Where the
disclosure or subsequently filed claims recite “a” element, “a
first” element, or any such equivalent term, the disclosure or
claims should be understood to incorporate one or more such
elements, neither requiring nor excluding two or more such
elements.
[0055] Applicant(s) reserves the right to submit claims
directed to combinations and sub-combinations of the dis-
closed embodiments that are believed to be novel and
non-obvious. Embodiments embodied in other combinations
and sub-combinations of features, functions, elements and/
or properties may be claimed through amendment of those
claims or presentation of new claims in the present appli-
cation or in a related application. Such amended or new
claims, whether they are directed to the same embodiment or
a different embodiment and whether they are different,
broader, narrower or equal in scope to the original claims,
are to be considered within the subject matter of the embodi-
ments described herein.

1. A sensor assistance system, comprising:

a sensor support structure configured to hold a sensor

system above a roadway at a defined height; and
the sensor system connected to the sensor support struc-
ture, the sensor system comprising:

a first sensor to capture a first sensor measurement
within a defined area of the road below the sensor
system,

a communication subsystem to receive vehicle infor-
mation from a vehicle wherein the vehicle informa-
tion indicates at least one of a type of the vehicle or
a capability of the vehicle; and

a processing device coupled to the first sensor and the
communication subsystem, the processing device to:
receive a second sensor measurement taken by a

second sensor of the vehicle, wherein:
the second sensor is a different type of sensor than
the first sensor; and
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the second sensor measurement indicates there is
an object within the defined area of the road,
wherein the defined area is an area below the
sensor system,
determine that the second sensor measurement
includes interference that obscures identification
of the object based on the second sensor measure-
ment
aggregate the first sensor measurement from the first
sensor with the second sensor measurement from
the second sensor to obtain aggregated sensor
information;
generate a scene description of an area approximate
the vehicle that includes the object based on the
aggregated sensor information, wherein an accu-
racy of the scene description is increased when
based on the aggregated sensor information;
adjust the scene description based on the vehicle
information; and send the scene description to a
communication system of the vehicle.

2. The sensor assistance system of claim 1, wherein the
processing device is further to generate a two-dimensional
image or a three-dimensional image of the object using the
aggregated sensor information.

3. The sensor assistance system of claim 1, wherein the
processing device is further to generate a two-dimensional
image or a three-dimensional image of an environment
within the defined area using the aggregated sensor infor-
mation.

4. The sensor assistance system of claim 1, wherein the
processing device is further to generate a two-dimensional
image or a three-dimensional image of an environment
within the defined area that includes the object using the
aggregated sensor information.

5. (canceled)

6. The sensor assistance system of claim 1, wherein the
first sensor is a day-light camera, a night-vision camera, a
light detection and ranging (LIDAR) sensor, a radio detec-
tion and ranging (RADAR) sensor, or a microphone.

7. The sensor assistance system of claim 1, wherein the
first sensor measurement includes information that is differ-
ent than information from the second sensor measurement.

8. The sensor assistance system of claim 1, wherein the
sensor support structure is a street light pole, a stop light
pole, or a billboard pole.

9. The sensor assistance system of claim 1, wherein the
sensor support structure is an aerial drone.

10. A sensor system, comprising:

a first sensor to measure a defined area of a path located
below the sensor system to obtain a first sensor mea-
surement;

a processor coupled to the first sensor, the processor to:
receive a second sensor measurement taken by a second

sensor of a first vehicle, wherein:

the second sensor is a different type of sensor than
the first sensor;

the second sensor measurement indicates there is an
object within the defined area of a road, wherein
the defined area is an area below the sensor
system,

determine that the second sensor measurement includes
interference that obscures identification of the object
based on the second sensor measurement
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aggregate the first sensor measurement from the first
sensor with the second sensor measurement from the
second sensor to obtain aggregated sensor informa-
tion; and

generate a scene description of an area approximate the
first vehicle that includes the object based on the
aggregated sensor information, wherein an accuracy
of the scene description is increased when based on
the aggregated sensor information; and

a communication subsystem coupled to the processor, the

communication subsystem to send the scene descrip-
tion to a first communication system of the first vehicle.

11. The sensor system of claim 10, further comprising a
sensor support structure configured to hold the sensor sys-
tem above the path at a defined height.

12. The sensor system of claim 11, wherein the defined
height is between 10 meters (m) to 1000 m above the path.

13. The sensor system of claim 10, wherein the path is a
road that is part of a transportation system for the first
vehicle.

14. The sensor system of claim 10, the communication
subsystem to receive first vehicle information from the first
vehicle and second vehicle information from a second
vehicle.

15. The sensor system of claim 14, wherein the processor
is further to update scene description using the second
vehicle information.

16. The sensor system of claim 15, wherein the commu-
nication subsystem is to send the updated scene description
to at least one of the first communication system of the first
vehicle or a second communication system of the second
vehicle.

17. A method, comprising:

measuring, by a first sensor, a defined area of a path below

a sensor to obtain a first sensor measurement;
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receiving, by a processing device, a second sensor mea-
surement taken by a second sensor of a vehicle,
wherein:
the second sensor is a different type of sensor than the
first sensor; and
the second sensor measurement indicates there is an
object within the defined area of a road, wherein the
defined area is an area below the sensor system;
determining, by the processing device, that the second
sensor measurement includes interference that obscures
identification of the object based on the second sensor
measurement
aggregating, by the processing device, the first sensor
measurement from the first sensor with the second
sensor measurement from the second sensor to obtain
aggregated sensor information;

generating, by the processing device, a scene description

of an area approximate the vehicle that includes the
object based on the aggregated sensor information; and
sending, by a communication subsystem, the scene
description to a communication system of the vehicle.

18. The method of claim 17, further comprising receiving,
by the communication subsystem, vehicle information from
the communication system of the vehicle.

19. The method of claim 18 [[17, ]]Jwherein:

the vehicle comprise an autonomous driving system; and

the autonomous driving system is to update a driving

instruction for the vehicle in view of the scene descrip-
tion.

20. (canceled)

21. The sensor system of claim 14, wherein the processor
is further to adjust the scene description based on the first
vehicle information.

22. The method of claim 18, wherein the processing
device is further to adjust the scene description based on the
vehicle information.



