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DYNAMIC SENSOR SELECTION FOR SELF-DRIVING VEHICLES

RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Patent Application No. 15/467,525,

filed March 23, 2017; and the aforementioned application is hereby incorporated by

reference in its entirety.

BACKGROUND

[0002] Autonomous vehicles currently exist in experimental and prototype forms. These
vehicles replace human drivers with sensors and computer-implemented intelligence.
Under existing technology, autonomous vehicles can readily handle driving with other
vehicles on roadways. However, various environmental and operating conditions can
affect the quality and reliability of the sensors, which poses challenges to autonomous

vehicles.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] The disclosure herein is illustrated by way of example, and not by way of
limitation, in the figures of the accompanying drawings in which like reference numerals
refer to similar elements, and in which:

[0004] FIG. 1 is a block diagram illustrating an example self-driving vehicle operated
by a control system implementing a sensor selection component, as described herein;
[0005] FIG. 2 is a block diagram illustrating an example sensor selection component
utilized in connection with a self-driving vehicle, according to examples described herein;
[0006] FIG. 3 is a flow chart describing an example method of operating a self-driving
vehicle using dynamic sensor selection, according to examples described herein;

[0007] FIG. 4 is a block diagram illustrating a computer system for a self-driving
vehicle upon which examples described herein may be implemented; and

[0008] FIG. 5 is a block diagram illustrating a computer system for a backend

datacenter upon which example transport systems described herein may be implemented.

DETAILED DESCRIPTION

[0009] A self-driving vehicle (SDV) can include a control system and a sensor array,
which generates a live sensor view of a surrounding area of the SDV. In various

implementations, the control system can dynamically analyze the sensor view of the
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surrounding area and a road network map (e.g., a highly detailed localization map) in
order to autonomously operate the acceleration, braking, and steering systems along a
current route to a destination.

[00010] In some examples, the sensor array includes sensors of various types, such as
LIDAR, radar, ultrasonic sensors, and cameras, each of which have their own strengths
that can compensate for the weaknesses of other sensors. Examples recognize that certain
operating conditions present significant challenges to self-driving vehicles. In particular,
weather such as fog, mist, rain, or snow can impair the ability of some of the sensors to
collect sensor data with sufficient accuracy to reliably navigate the SDV through an
environment. In addition, as the SDV increases in speed while driving, there is less time
to detect and avoid potential hazards safely or comfortably. Although some of the sensors
may offer superior performance in good weather conditions or at slower speeds, it is
important for the SDV to recognize adverse conditions and analyze sensor data with those
conditions and the performance characteristics of the sensors in mind. Accordingly,
examples provide for an SDV that is equipped with a sensor array and control system that
includes logic to prioritize the use of particular sensors over others based on
predetermined conditions. In addition, each type of sensor and its supporting interface,
software, and firmware can be designed, equipped, or tuned to maximize that sensor’s
strengths since a different sensor or set of sensors are available to provide accurate sensor
data in conditions where the first sensor is less reliable. For example, LIDAR sensors can
be optimized to function at low to moderate vehicle speeds on an SDV equipped with
radar and stereo cameras that are optimized to function at higher speeds.

[0011] A sensor selection component detects conditions which have a bearing on the
performance characteristics of the sensors and other conditions that may influence the
importance of sensor data from one sensor over another. In addition, the sensor selection
component prioritizes, through either a weighting or selection process, each of the sensors
using a set of sensor priority rules that are based on expected performance characteristics
of each of the sensors in the detected conditions. These performance characteristics can
be determined from a combination of technical specifications for the sensors and testing
performed with each of the sensors in the relevant conditions. Components of the SDV
control system can use the resulting sensor priority to weight or select sensor data when
analyzing the current sensor state to perform vehicle operations.

[0012] Conditions which have a bearing on the performance characteristics of the

sensors of the SDV or that may influence the importance of sensor data can include
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operating parameters of the SDV itself and the state of the surrounding environment, such
as the weather and current road conditions. Some examples of operating parameters of the
SDV are the speed of the vehicle, acceleration, direction of movement (i.e., forward or
reverse), traction, sensor status, and vehicle status (i.e., parked or moving). Some
examples of environment conditions are current precipitation type and magnitude (e.g.,
heavy rain or light snow), fog, smog, haze, leaves, wind, time of day, ambient lighting,
road surface type and quality, and traffic.

[0013] Self-driving vehicles tend to be cautious and deliberate. When self-driving
vehicles are used to carry passengers, for example, the SDV may implement sensor
analysis components to repeatedly analyze perceived objects and conditions. For safety,
self-driving vehicles slow down or brake to evaluate unknown objects or conditions, or to
select a response action when the best response action is not known with sufficient
confidence. The result is that the SDV may tend to slow, stop, and resume driving on a
trip, making the ride less enjoyable and uncomfortable. Examples further recognize,
however, that if the sensor analysis components can recognize objects or conditions faster
and more reliably regardless of current conditions, the SDV will have less variation in
braking events (e.g., to reduce speed or come to stop). The reduction in braking events
can make the SDV more suitable for carrying passengers, as reduction in braking events
makes the passenger ride in the vehicle more comfortable.

[0014] Among other benefits, the examples described herein achieve a technical effect
of providing a sensor view around a self-driving vehicle in a way that optimizes the
accuracy of the sensor view regardless of environment and operating conditions affecting
the self-driving vehicle.

[0015] In one aspect, a self-driving vehicle (SDV) includes a number of sensors
generating sensor data and a control system to detect conditions relating to an operation
of the SDV, select a set of sensors from the number of sensors based on the detected
conditions, and prioritize the sensor data generated from the selected set of sensors to
control aspects relating to the operation of the SDV.

[0016] In some implementations, the SDV receives contextual information from a
network service over a network. In some implementations, the control system detects the
conditions by analyzing the sensor data, and the conditions relating to the operation of the
SDV include weather conditions, current speed of the SDV, time of day, ambient lighting,

and road conditions.



WO 2018/175808 PCT/US2018/023885

[0017] In some aspects, a number of sensor priority rules are applied to the detected
conditions to select the set of sensors. The sensor priority rules include weights to apply
to the sensor data from the number of sensors, and the control system prioritizes the
sensor data based on the weights. In addition, the sensor priority rules and/or weights can
be based on performance characteristics of each of the sensors in the detected conditions,
and aspects relating to the operation of the SDV include detecting objects in an
environment around the SDV.

[0018] In one example, the control system prioritizes the sensor data generated from the
selected set of sensors to assign an object classification to each of the objects, and aspects
relating to the operation of the SDV can include localization, prediction, and motion
planning.

[0019] As used herein, a computing device refers to devices corresponding to desktop
computers, cellular devices or smartphones, personal digital assistants (PDAs), laptop
computers, tablet devices, virtual reality (VR) and/or augmented reality (AR) devices,
wearable computing devices, television (IP Television), etc., that can provide network
connectivity and processing resources for communicating with the system over a network.
A computing device can also correspond to custom hardware, in-vehicle devices, or on-
board computers, etc. The computing device can also operate a designated application
configured to communicate with the network service.

[0020] One or more examples described herein provide that methods, techniques, and
actions performed by a computing device are performed programmatically, or as a
computer-implemented method. Programmatically, as used herein, means through the use
of code or computer-executable instructions. These instructions can be stored in one or
more memory resources of the computing device. A programmatically performed step
may or may not be automatic.

[0021] One or more examples described herein can be implemented using
programmatic modules, engines, or components. A programmatic module, engine, or
component can include a program, a sub-routine, a portion of a program, or a software
component or a hardware component capable of performing one or more stated tasks or
functions. As used herein, a module or component can exist on a hardware component
independently of other modules or components. Alternatively, a module or component
can be a shared element or process of other modules, programs or machines.

[0022] Some examples described herein can generally require the use of computing

devices, including processing and memory resources. For example, one or more examples
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described herein may be implemented, in whole or in part, on computing devices such as
servers, desktop computers, cellular or smartphones, personal digital assistants (e.g.,
PDAs), laptop computers, virtual reality (VR) or augmented reality (AR) computers,
network equipment (e.g., routers) and tablet devices. Memory, processing, and network
resources may all be used in connection with the establishment, use, or performance of
any example described herein (including with the performance of any method or with the
implementation of any system).

[0023] Furthermore, one or more examples described herein may be implemented
through the use of instructions that are executable by one or more processors. These
instructions may be carried on a computer-readable medium. Machines shown or
described with figures below provide examples of processing resources and computer-
readable mediums on which instructions for implementing examples disclosed herein can
be carried and/or executed. In particular, the numerous machines shown with examples of
the invention include processors and various forms of memory for holding data and
instructions. Examples of computer-readable mediums include permanent memory
storage devices, such as hard drives on personal computers or servers. Other examples of
computer storage mediums include portable storage units, such as CD or DVD units, flash
memory (such as those carried on smartphones, multifunctional devices or tablets), and
magnetic memory. Computers, terminals, network enabled devices (e.g., mobile devices,
such as cell phones) are all examples of machines and devices that utilize processors,
memory, and instructions stored on computer-readable mediums. Additionally, examples
may be implemented in the form of computer-programs, or a computer usable carrier
medium capable of carrying such a program.

[0024] As provided herein, the terms “autonomous vehicle” (AV) or “self-driving
vehicle” (SDV) may be used interchangeably to describe any vehicle operating in a state
of autonomous control with respect to acceleration, steering, and braking. Different levels
of autonomy may exist with respect to AVs and SDVs. For example, some vehicles may
enable autonomous control in limited scenarios, such as on highways. More advanced
AVs and SDVs can operate in a variety of traffic environments without any human
assistance. Accordingly, an “AV control system” can process sensor data from the AV or
SDV’s sensor array, and modulate acceleration, steering, and braking inputs to safely

drive the AV or SDV along a given route.
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[0025] SYSTEM DESCRIPTION

[0026] FIG. 1 is a block diagram illustrating an example self-driving vehicle operated
by a control system with a sensor selection component, as described herein. In an
example of FIG. 1, a control system 100 can autonomously operate the SDV 10 in a given
geographic region for a variety of purposes, including transport services (e.g., transport of
humans, delivery services, etc.). In examples described, the SDV 10 can operate without
human control. For example, the SDV 10 can autonomously steer, accelerate, shift, brake,
and operate lighting components. Some variations also recognize that the SDV 10 can
switch between an autonomous mode, in which the SDV control system 100
autonomously operates the SDV 10, and a manual mode in which a driver takes over
manual control of the acceleration system, steering system, braking system, and lighting
and auxiliary systems (e.g., directional signals and headlights).

[0027] According to some examples, the control system 100 can utilize specific sensor
resources in order to autonomously operate the SDV 10 in a variety of driving
environments and conditions. For example, the control system 100 can operate the SDV
10 by autonomously operating the steering, acceleration, and braking systems of the SDV
10 to a specified destination. The control system 100 can perform vehicle control actions
(e.g., braking, steering, accelerating) and route planning using sensor information, as well
as other inputs (e.g., transmissions from remote or local human operators, network
communication from other vehicles, etc.).

[0028] In an example of FIG. 1, the control system 100 includes computational
resources (e.g., processing cores and/or field programmable gate arrays (FPGAs)) which
operate to process sensor data 115 received from sensors 102 of the SDV 10 that provide
a sensor view of a road segment upon which the SDV 10 operates. The sensor data 115
can be used to determine actions which are to be performed by the SDV 10 in order for
the SDV 10 to continue on a route to a destination. In some variations, the control system
100 can include other functionality, such as wireless communication capabilities using a
communication interface to send and/or receive wireless communications over networks
with one or more remote sources (e.g., a map service 199). In controlling the SDV 10, the
control system 100 can generate commands 158 to control the various control
mechanisms of the SDV 10, including acceleration, braking, steering, and auxiliary
behaviors (e.g., lights and directional signals).

[0029] The SDV 10 can be equipped with multiple types of sensors 102 which can

combine to provide a computerized perception of the space and the physical environment
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surrounding the SDV 10. Likewise, the control system 100 can operate within the SDV
10 to receive sensor data 115 from the collection of sensors 102 and to control the various
control mechanisms 170 in order to autonomously operate the SDV 10. For example, the
control system 100 can analyze the sensor data 115 to generate low level commands 158
executable by the acceleration system 172, steering system 157, and braking system 176
of the SDV 10. Execution of the commands 158 by the control mechanisms 170 can result
in throttle inputs, braking inputs, and steering inputs that collectively cause the SDV 10 to
operate along sequential road segments to a particular destination.

[0030] In more detail, the sensors 102 operate to collectively obtain a sensor view for
the SDV 10 (e.g., in a forward operational direction, or providing a 360 degree sensor
view), and further to obtain situational information proximate to the SDV 10, including
any potential hazards or obstacles. By way of example, the sensors 102 can include
multiple sets of camera systems 101 (video cameras, stereoscopic cameras or depth
perception cameras, long range monocular cameras), LIDAR systems 103, one or more
radar systems 105, and various other sensor resources such as sonar, ultrasonic sensors,
proximity sensors, infrared sensors, wheel speed sensors, rain sensors, and the like.
According to examples provided herein, the sensors 102 can be arranged or grouped in a
sensor system or array (e.g., in a sensor pod mounted to the roof of the SDV 10)
comprising any number of LIDAR, radar, monocular camera, stereoscopic camera, sonar,
infrared, or other active or passive sensor systems.

[0031] Each of the sensors 102 can communicate with the control system 100 utilizing a
corresponding sensor interface 110, 112, 114. Each of the sensor interfaces 110, 112, 114
can include, for example, hardware and/or other logical components which are coupled or
otherwise provided with the respective sensor. For example, the sensors 102 can include a
video camera and/or stereoscopic camera system 101 which continually generates image
data of the physical environment around the SDV 10. The camera system 101 can provide
the image data for the control system 100 via a camera system interface 110. Likewise,
the LIDAR system 103 can provide LIDAR data to the control system 100 via a LIDAR
system interface 112. Furthermore, as provided herein, radar data from the radar system
105 of the SDV 10 can be provided to the control system 100 via a radar system interface
114. In some examples, the sensor interfaces 110, 112, 114 can include dedicated
processing resources, such as provided with field programmable gate arrays (FPGAs)
which can, for example, receive and/or preprocess raw image data from the camera

SENSor.
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[0032] In some aspects, the sensors 102 collectively provide sensor data 115 to various
components of the control system 100, including a localization component 122, a
perception component 124, and a sensor selection component 120. The control system
100 may also include a route planner 142, motion planning component 130, event logic
174, prediction engine 126, and a vehicle control interface 128. In the example illustrated,
the localization component 122, perception component 124, and sensor selection
component 120 are shown as sub-components of the control system 100. In variations, the
functionality of these components can be distributed among other components in the SDV
10.

[0033] The localization component 122, perception component 124, and sensor
selection component 120 can utilize a current sensor state of the SDV 10, as provided by
sensor data 115, and can access a database of stored localization maps of the given region
in which the SDV 10 operates. The localization maps can comprise highly detailed
ground truth data of each road segment of the given region. For example, the localization
maps can comprise prerecorded data (e.g., sensor data including image data, LIDAR data,
and the like) by specialized mapping vehicles or other SDVs with recording sensors and
equipment, and can be processed to pinpoint various objects of interest (e.g., traffic
signals, road signs, and other static objects). As the SDV 10 travels along a given route,
components of the control system 100 can access a current localization map of a current
road segment to compare the details of the current localization map with the sensor data
115 in order to detect and classify any objects of interest, such as moving vehicles,
pedestrians, bicyclists, and the like.

[0034] The sensor selection component 120 represents logic that prioritizes the
processing or use of sensor data 115 by type (e.g., by sensor device) based on a
predetermined condition or set of conditions. In some examples, the predetermined
condition or set of conditions may relate to the operation of the SDV, and include for
example, (i) telemetry information of the vehicle, including a velocity or acceleration of
the vehicle; (ii) environment conditions in the region above the roadway, such as whether
active precipitation (e.g., rainfall or snow fall) or fog is present; (iii) environment
conditions that affect the roadway surface, including the presence of precipitation (e.g.,
soft rain, hard rain, light snowfall, active snowfall, ice); and/or (iv) the type of roadway in
use by the vehicle (e.g., highway, main thoroughfare, residential road). The sensor
selection component 120 may be implemented either as discrete logic or as logic

distributed with specific processes (e.g., motion planning). The sensor selection
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component 120 prioritizes the processing and/or use of sensor data 115 by (i) selecting
one type of sensor data to the exclusion of another type of sensor data, and/or (ii)
weighting sensor data by type so that sensor type may influence a determination of the
SDV control system 100. Still further, in some examples, the sensor selection component
120 may operate subject to priority rules, which may cause the SDV control system 100
to perform an action or otherwise utilize a particular type of sensor when a particular
condition is present (e.g., if the camera detects a hazard in the road, the vehicle performs
an avoidance action regardless of whether other sensors conflict with the detected
perception).

[0035] Examples recognize that certain operating conditions present significant
challenges to self-driving vehicles. In particular, weather such as fog, mist, rain, or snow
can impair the ability of some of the sensors 102 to collect sensor data 115 with sufficient
accuracy to reliably navigate the SDV 10 through an environment. In addition, as the
SDV 10 increases in speed while driving, there is less time to detect and avoid potential
hazards safely or comfortably. Although some of the sensors 102 may offer superior
performance in good weather conditions or at slower speeds, it is important for the SDV
10 to recognize adverse conditions and analyze sensor data 115 with those conditions and
the performance characteristics of the sensors 102 in mind. Therefore, a sensor selection
component 120 detects conditions which have a bearing on the performance
characteristics of the sensors 102 and other conditions that may influence the importance
of sensor data 115 from one sensor over another. In addition, the sensor selection
component 120 prioritizes, through either a weighting or selection process, each of the
sensors 102 using a set of sensor priority rules that are based on expected performance
characteristics of each of the sensors 102 in the detected conditions. Components of the
SDV control system 100, such as the localization component 122, perception component
124, prediction engine 126, and motion planning logic 130, can use the resulting sensor
priority 127 to weight or select sensor data 115 when analyzing the current sensor state to
perform vehicle operations.

[0036] Conditions which have a bearing on the performance characteristics of the
sensors of the SDV 10 or that may influence the importance of sensor data 115 can
include operating parameters of the SDV 10 itself and the state of the surrounding
environment, such as the weather and current road conditions. Some examples of
operating parameters of the SDV 10 are the speed of the vehicle, acceleration, direction of

movement (i.e., forward or reverse), traction, sensor status, and vehicle status (i.e., parked
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or moving). Some examples of environment conditions are current precipitation type and
magnitude (e.g., heavy rain or light snow), fog, smog, haze, leaves, wind, time of day,
ambient lighting, road surface type and quality, and traffic.

[0037] As described with an example of FIG. 1, the localization component 122 may
provide localization output 121 (including localization coordinates and pose) to one or
more components of the control system 100. The localization output 121 can correspond
to, for example, a position of the vehicle within a road segment. The localization output
121 can be specific in terms of identifying, for example, any one or more of a driving lane
that the SDV 10 is using, the vehicle’s distance from an edge of the road, the vehicle’s
distance from the edge of the driving lane, and/or a travel distance from a point of
reference in a particular localization map. In some examples, the localization output 121
can determine the relative location of the SDV 10 within a road segment, as represented
by a localization map.

[0038] Additionally, the perception component 124 may signal perception output 129 to
one or more components of the control system 100. The perception output 129 may
utilize, for example, a perception layer to subtract objects which are deemed to be
persistent from the current sensor state of the vehicle. Objects which are identified
through the perception component 124 can be perceived as being static or dynamic, with
static objects referring to objects which are persistent or permanent in the particular
geographic region. The perception component 124 may, for example, generate perception
output 129 that is based on sensor data 115 which exclude predetermined static objects.
The perception output 129 can correspond to interpreted sensor data, such as (i) image,
sonar or other electronic sensory-based renderings of the environment, (ii) detection and
classification of dynamic objects in the environment, and/or (iii) state information
associated with individual objects (e.g., whether the object is moving, pose of the object,
direction of the object). The perception component 124 can interpret the sensor data 115
for a given sensor horizon. In some examples, functionality provided by the perception
component 124 can be centralized, such as being performed with a processor or
combination of processors in a central portion of the vehicle. In other examples, the
perception component 124 can be distributed, such as onto the one or more of the sensor
interfaces 110, 112, 114, such that the outputted sensor data 115 can include perceptions.
[0039] The perception output 129 can provide input into the motion planning
component 130. The motion planning component 130 includes logic to detect dynamic

objects of the vehicle’s environment from the perceptions. When dynamic objects are
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detected, the motion planning component 130 may utilize the location output 121 of the
localization component 122 to determine a response trajectory 125 of the vehicle for
steering the vehicle outside of the current sensor horizon. The response trajectory 125 can
be used by the vehicle control interface 128 in advancing the vehicle forward safely.
[0040] The route planner 142 can determine a route 143 for a vehicle to use on a trip. In
determining the route 143, the route planner 142 can utilize a map database, such as
provided over a network through a map service 199. Based on input such as destination
and current location (e.g., such as provided through GPS), the route planner 142 can
select one or more route segments that collectively form a path of travel for the SDV 10
when the vehicle in on a trip. In one implementation, the route planner 142 can determine
route input 144 (e.g., route segments) for a planned route 143, which in turn can be
communicated to the vehicle control 128.

[0041] In some aspects, the vehicle control interface 128 represents logic that controls
the vehicle with respect to steering, lateral and forward/backward acceleration, and other
parameters in response to determinations of various logical components of the control
system 100. The vehicle control interface 128 can include a route following component
167 and a trajectory following component 169. The route following component 167 can
receive route input 144 from the route planner 142. Based at least in part on the route
input 144, the route following component 167 can output trajectory components 175 for
the route 143 to the vehicle control interface 128. The trajectory following component
169 can receive the trajectory components 175 of the route following component 167, as
well as the response trajectory 125, in controlling the vehicle on a vehicle trajectory 179
of route 143. At the same time, the response trajectory 125 enables the SDV 10 to make
adjustments to predictions of the prediction engine 126. The vehicle control interface 128
can generate commands 158 as output to control components of the SDV 10. The
commands can further implement driving rules and actions based on various context and
inputs.

[0042] According to some examples, the localization output 121 can be utilized by, for
example, the prediction engine 126, and/or vehicle control 128, for purpose of detecting
potential points of interference or collision on the portion of the road segment in front of
the vehicle. The localization output 121 can also be used to determine whether detected
objects can collide or interfere with the SDV 10, and to determine response actions for

anticipated or detected events. Either of the route following component 167 and trajectory
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following component 169 can also use the localization output 121 to make precise
determinations for routes and trajectories.

[0043] With respect to an example of FIG. 1, the vehicle control interface 128
implements event logic 174 to detect avoidance events (e.g., a collision event) and to
trigger a response to a detected event. An avoidance event can correspond to a roadway
condition or obstacle which poses a potential threat of collision to the SDV 10. By way of
example, an avoidance event can include an object in the road segment, heavy traffic in
front of the vehicle, and/or wetness or other environmental conditions on the road
segment. The event logic 174 can use the perception output 129 as generated from the
perception component 128 in order to detect events, such as the sudden presence of
objects or road conditions which may collide with the SDV 10. For example, the event
logic 174 can detect potholes, debris, and even objects which are on a trajectory for
collision. Thus, the event logic 174 detects events which, if perceived correctly, may in
fact require some form of evasive action or planning.

[0044] When events are detected, the event logic 174 can signal an event alert 135 that
classifies the event and indicates the type of avoidance action which should be performed.
For example, an event can be scored or classified between a range of likely harmless
(e.g., small debris in roadway) to very harmful (e.g., vehicle crash may be imminent). In
turn, the route following component 167 can adjust the vehicle trajectory 179 of the
vehicle to avoid or accommodate the event. For example, the route following component
167 can output an event avoidance action, corresponding to a trajectory altering action
that the SDV 10 should perform to effect a movement or maneuvering of the SDV 10. By
way of example, the vehicle response can include slight or sharp vehicle maneuvering for
avoidance, using a steering control mechanism, and/or using a braking component. The
event avoidance action can be signaled through the commands 158 for the vehicle control
mechanisms 170.

[0045] When an anticipated dynamic object of a particular class does in fact move into
position of likely collision or interference, some examples provide that event logic 174
can signal the event alert 135 to cause the vehicle control 128 to generate commands 158
that correspond to the event avoidance action. For example, in the event of a bicycle crash
in which the bicycle (or bicyclist) falls into the path of the SDV 10, event logic 174 can
signal the event alert 135 to avoid the collision. The event alert 135 can indicate (i) a
classification of the event (e.g., “serious” and/or “immediate™), (ii) information about the

event, such as the type of object that generated the event alert 135, and/or information
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indicating a type of action the SDV 10 should take (e.g., location of object relative to path
of vehicle, size or type of object).

[0046] FIG. 2 is a block diagram illustrating an example sensor selection component
220 utilized in connection with a self-driving vehicle, according to examples described
herein. In the context of the example SDV 10 illustrated in FIG. 1, the sensor selection
component 220 of FIG. 2 can represent the sensor selection component 120 of the control
system 100. In some examples, the sensor selection component 220 includes condition
detection logic 230 to detect one or more conditions relating to operating the SDV and
sensor prioritization logic 240 to prioritize sensor data 211 from a selected set of sensors
based on the detected conditions. Other components of the vehicle control system can
then control operations of the SDV based on the prioritized sensor data 211. Although
illustrated as discrete components in FIG. 2, logic and functionality attributed to the
sensor selection component 220, condition detection logic 230, and sensor prioritization
logic 240 can be distributed throughout other systems of the SDV 10, such as the control
system 100 and sensor interfaces 110, 112, 114.

[0047] The condition detection logic 230 performs functions to detect conditions which
have a bearing on the performance characteristics of the sensors of the SDV and other
conditions that may influence the importance of data from one sensor over another. In
order to safely operate, the SDV relies on sensor data 211 to be sufficiently accurate to
allow for object detection, object classification, object prediction, localization, and other
features in real time while the SDV navigates through an environment. Accordingly, the
SDV is equipped with a sensor array comprising different types of sensors, each of which
performs better or worse depending on the current conditions. In addition, each type of
sensor and its supporting interface, software, and firmware can be designed, equipped, or
tuned to maximize that sensor’s strengths since a different sensor or set of sensors are
available to provide accurate sensor data 211 in conditions where the first sensor is less
reliable. For example, LIDAR sensors can be optimized to function at low to moderate
vehicle speeds on an SDV equipped with radar and stereo cameras that are optimized to
function at higher speeds.

[0048] Conditions which have a bearing on the performance characteristics of the
sensors of the SDV or that may influence the importance of sensor data 211 can include
operating parameters of the SDV itself and the state of the surrounding environment, such
as the weather and current road conditions. Some examples of operating parameters of the

SDV are the speed of the vehicle, acceleration, direction of movement (i.e., forward or
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reverse), traction, sensor status, and vehicle status (i.e., parked or moving). Some
examples of environment conditions are current precipitation type and magnitude (e.g.,
heavy rain or light snow), fog, smog, haze, leaves, wind, time of day, ambient lighting,
road surface type and quality, and traffic.

[0049] The condition detection logic 230 detects many types of conditions by analyzing
the sensor data 211 that the various sensors of the SDV produce. For example, a stereo
camera on the SDV can provide images that show weather conditions. Sensors useful for
condition detection include not only the SDV sensors used for perception, prediction, and
motion planning, but also vehicle sensors such as a wheel speed sensor, throttle position
sensor, ambient air temperature sensor, air pressure Sensor, rain sensor, etc. At
programmed intervals or time or when changes in the current conditions are detected, the
condition detection logic 230 can send corresponding condition data 221 to the sensor
prioritization logic 240.

[0050] According to one aspect, vehicle sensor interfaces obtain raw sensor data from
the various sensors, and sensor analysis components of the vehicle control system
implement functionality such as object detection, image recognition, image processing,
and other sensor processes in order to detect hazards, objects, or other notable events in
the roadway. The sensor analysis components can be implemented by multiple different
processes, each of which analyzes different sensor profile data sets. In this aspect, the
condition detection logic 230 receives the analyzed sensor data 211 from the sensor
analysis components. Therefore, the condition detection logic 230 can detect conditions
based on not only raw sensor data 211, but also analyzed sensor data 211.

[0051] In some aspects, the SDV stores recent sensor data 211 for an interval of time.
Condition detection logic 230 can compare current sensor data 211 with the stored data
from previous frames or seconds in order to more accurately detect conditions. The
condition detection logic 230 can apply heuristics across the stored and current sensor
data 211 to determine whether a condition exists above a reasonable probability threshold.
For example, the condition detection logic 230 can wait until multiple sensors detect rain
for a few seconds before including the rainy weather condition in the condition data 221.
[0052] In some cases, the sensors, interfaces, or control system may detect faults or
performance degradation in specific sensors, the compute stack of the vehicle, or from a
mechanical system of the vehicle itself. Depending on the severity of the fault or
degradation, the condition detection logic 230 can treat the sensor data 211 coming from

any affected sensor as junk data to ignore or as degraded data to be given lower priority.
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[0053] In addition to detecting conditions from the sensor data 211, the condition
detection logic 230 can receive contextual information 213 from a network service 260. A
region-specific network service 260 can record location-based contextual information 213
about a region, and a combination of sensor data 211 and position information of the SDV
can be correlated to accurately determine environment conditions. By way of example,
contextual information 213 can include labels or descriptors, or numeric equivalents or
correlations of parameters, which indicate one or more of the following: road construction,
traffic, emergency situations, local weather, time and date, accumulated precipitation on
road surfaces, etc.

[0054] As an addition or variation, the condition detection logic 230 includes processes
which can compare sensor data 211 with feature sets of corresponding localization maps
for the area of a road network. The condition detection logic 230 can compare objects and
features of the vehicle's scene, road surface conditions/features, and lighting conditions
from the sensor data 211 with the localization map. The condition detection logic 230 can
then recognize when a classified and/or recognized feature from the sensor data 211 is
new or different as compared to the feature set of the localization map and use this
information in order to detect the presence of weather and other conditions that may
adversely affect the vehicle sensors.

[0055] Sensor prioritization logic 240 operates to prioritize the sensor data 211
generated from the sensors of the SDV based on the conditions detected by the condition
detection logic 230. In some aspects, the sensor prioritization logic 240 applies a set of
priority rules 223 to the condition data 221 in order to calculate a set of values for sensor
priority 227.

[0056] In general, priority rules 223 are based on expected performance characteristics
of each of the sensors in various vehicle conditions and environment conditions. These
performance characteristics can be determined from a combination of technical
specifications for the sensors and testing performed with each of the sensors in the
relevant conditions. In one example, a fleet of self-driving vehicles equipped with sensors
sends their sensor data, current conditions, and results of analysis performed on the sensor
data to the network service 260. Processes implemented on hardware at the network
service 260 can then determine the performance characteristics of each of the sensors in
the conditions in order to create priority rules 223. The priority rules 223 can therefore be
created by algorithms that take the technical specifications for the sensors and the results

of the test data into account. In addition or in alternative implementations, priority rules
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223 are manually created based on the technical specifications for the sensors and the
results of the test data. Furthermore, hardware, firmware, and software that comprise the
sensors, sensor interfaces, and compute stack of the vehicle control system can be
updated to change the performance characteristics of the sensors. If the performance
characteristics of the sensors change significantly, the priority rules 223 can also be
updated either manually or algorithmically based on new testing data and technical
specifications.

[0057] The sensor prioritization logic 240 retrieves priority rules 223 from a rules
storage location 250, such as a database, ROM, or RAM included in the vehicle control
system. Additionally, priority rules 223 can be retrieved from the network service 260,
either directly over a network or through periodic updates to the rules storage 250. In
other examples, the priority rules 223 are updated with software updates performed either
locally on the SDV or remotely from the network service 260 over a network.

[0058] Priority rules 223 are written to select the most accurate and reliable sensors for
vehicle operations such as object detection, object classification, object prediction,
localization, etc. under the detected conditions from the condition data 221. Given that an
SDV needs to perform these operations in real time, sensor accuracy and reliability are
also subject to the computational time required to process sensor data 211 from each type
of sensor. Therefore, in some conditions, the sensor prioritization logic 240 may prioritize
a less accurate sensor which provides sensor data 211 that can be processed quickly over
a more accurate sensor which provides sensor data 211 that would take too long to
process in the current conditions (e.g., the vehicle traveling at a high speed).

[0059] In some aspects, the SDV is equipped with a sensor array comprising different
types of sensors that compensate for the weaknesses of other types of sensors. For
example, radar systems may be incorporated to complement other sensor systems, such as
LIDAR, image capturing systems (e.g., monocular or stereoscopic cameras), proximity
sensors, sonar systems, and the like. While LIDAR and image capturing systems have
significant advantages in positioning and angular surveying, they are comparatively
insensitive in providing relative velocity data of objects of interest. Furthermore, LIDAR
and image capturing systems are sensitive to inclement weather conditions (e.g., fog,
mist, rain, or snow), whereas radar systems are largely invariant to such conditions. This
makes radar useful in cross-validation of perception and prediction processes in the SDV
control system and detection of distant objects of interest before detection by other sensor

systems. Additional examples recognize that with respect to passive image sensor data
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211, image analysis may be negatively affected by lighting conditions or environment
conditions which may impact the appearance of objects.

[0060] Among other conditions, priority rules 223 can determine the sensor priority 227
based on the current speed of the vehicle. One example prioritization rule 223 prioritizes
the vehicle’s LIDAR sensor at low to moderate driving speeds (e.g., under 35 miles per
hour). Another example prioritization rule 223 prioritizes the vehicle’s radar and stereo
camera at higher driving speeds (e.g., 35 miles per hour and above). If the vehicle is
currently stopped, the sensor prioritization logic 240 can prioritize sensor data 211 from
ultrasonic sensors until the vehicle reaches a certain speed or travels beyond any potential
blind spots in the other sensors that may exist due to the sensors’ placement on the
vehicle. For example, sensors on top of the vehicle are not able to detect objects within a
few feet of the vehicle, and therefore the ultrasonic sensors can be used to determine
whether it is safe to initiate motion.

[0061] In one aspect, the sensor priority 227 represents a set of values that weight the
sensor data 211 coming from each of the vehicle’s sensors. For example, the sensor
prioritization logic 240 may weight one sensor at 100% when that sensor is optimal (or
superior to the other available sensors) in the current conditions. In another example, the
sensor prioritization logic 240 may weight one sensor at 50% when that sensor is sub-
optimal, but still provides partially reliable sensor data, in the current conditions. In a
further example, the sensor prioritization logic 240 may weight one sensor at 0% when
that sensor is deemed unreliable in the current conditions. In other aspects, the sensor
priority 227 is a set of flags that components of the vehicle control system can use to
select which of the vehicle’s sensors provide sensor data 211 for operations such as object
detection, object classification, object prediction, localization, and other features.
Nevertheless, sensor data 211 from sensors that are not selected in the sensor priority 227
can still be collected, stored, and used for other purposes.

[0062] METHODOLOGY

[0063] FIG. 3 a flow chart describing an example method of operating a self-driving
vehicle using dynamic sensor selection, according to examples described herein.
Reference may be made to features as shown and described with respect to FIGS. 1 and 2.
Furthermore, the individual processes discussed with respect to FIG. 3 may be performed
by an example SDV control system 100 implementing a sensor selection component 120,
220 as shown and described in FIGS. 1 and 2. Accordingly, in the below description,

reference may be made interchangeably to the SDV 10 in general and/or the SDV control
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system 100 implementing the sensor selection component 120, 220 of FIGS. 1 and 2. It is
contemplated that a particular step described either individually or as part of an additional
step can be combined or omitted from other individually described steps of the flow chart.
[0064] Referring to FIG. 3, condition detection logic 230 performs functions to detect
conditions which have a bearing on the performance characteristics of the sensors of the
SDV and other conditions that may influence the importance of data from one sensor over
another (310). In order to safely operate, the SDV relies on sensor data (312) to be
sufficiently accurate to allow for object detection, object classification, object prediction,
localization, and other features in real time while the SDV navigates through an
environment. Accordingly, the SDV is equipped with a sensor array comprising different
types of sensors, each of which performs better or worse depending on the current
conditions.

[0065] Conditions which have a bearing on the performance characteristics of the
sensors of the SDV or that may influence the importance of sensor data can include
operating parameters of the SDV itself and the state of the surrounding environment, such
as the weather and current road conditions. Some examples of vehicle conditions (301)
are the speed of the vehicle, acceleration, direction of movement (i.e., forward or reverse),
traction, sensor status, and vehicle status (i.e., parked or moving). Some examples of
environment conditions (302) are current precipitation type and magnitude (e.g., heavy
rain or light snow), fog, smog, haze, leaves, wind, time of day, ambient lighting, road
surface type and quality, and traffic.

[0066] In addition to detecting conditions from the sensor data, the condition detection
logic 230 can receive contextual information (314) from a network service 260. A region-
specific network service 260 can record location-based contextual information about a
region, and a combination of sensor data and position information of the SDV can be
correlated to accurately determine environment conditions. By way of example,
contextual information can include labels or descriptors, or numeric equivalents or
correlations of parameters, which indicate one or more of the following: road construction,
traffic, emergency situations, local weather, time and date, accumulated precipitation on
road surfaces, etc.

[0067] Sensor prioritization logic 240 retrieves a set of sensor priority rules that match
the detected conditions (320). Priority rules are written to select the most accurate and
reliable sensors for vehicle operations under the detected conditions from the condition

data. Given that an SDV needs to perform these operations in real time, sensor accuracy

18



WO 2018/175808 PCT/US2018/023885

and reliability are also subject to the computational time required to process sensor data
from each type of sensor.

[0068] Sensor prioritization logic 240 assigns priorities to sensor data from each sensor
based on the retrieved sensor priority rules (330). In one aspect, the assigned priorities
represent a set of values that weight the sensor data coming from each of the vehicle’s
sensors. For example, the sensor prioritization logic 240 may weight one sensor at 100%
when that sensor is optimal (or superior to the other available sensors) in the current
conditions. In another example, the sensor prioritization logic 240 may weight one sensor
at 50% when that sensor is sub-optimal, but still provides partially reliable sensor data, in
the current conditions. In a further example, the sensor prioritization logic 240 may
weight one sensor at 0% when that sensor is deemed unreliable in the current conditions.
In other aspects, the sensor priority is a set of flags that components of the vehicle control
system can use to select which of the vehicle’s sensors provide sensor data for operations.
[0069] Components of the vehicle control system 100 can then apply the sensor priority
weights or selections to generated sensor data in order to control aspects relating to the
operation of the self-driving vehicle (340). Such aspects include object detection (341),
object classification (342), localization (343), prediction (344), and motion planning
(345), among other functions and processes that the vehicle control system 100 performs
to safely navigate the SDV through an environment.

[0070] HARDWARE DIAGRAMS

[0071] FIG. 4 is a block diagram illustrating a computer system upon which example
SDV processing systems described herein may be implemented. The computer system
400 can be implemented using a number of processing resources 410, which can comprise
processors 411, field programmable gate arrays (FPGAs) 413. In some aspects, any
number of processors 411 and/or FPGAs 413 of the computer system 400 can be utilized
as components of a neural network array 412 implementing a machine learning model
and utilizing road network maps stored in memory 461 of the computer system 400. In
the context of FIGS. 1 and 2, various aspects and components of the control system 100,
205, route planning engine 160, 285, and perception and prediction engines 140, 215,
220, can be implemented using one or more components of the computer system 400
shown in FIG. 4.

[0072] According to some examples, the computer system 400 may be implemented
within an autonomous vehicle or self-driving vehicle (SDV) with software and hardware

resources such as described with examples of FIGS. 1 and 2. In an example shown, the
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computer system 400 can be distributed spatially into various regions of the SDV, with
various aspects integrated with other components of the SDV itself. For example, the
processing resources 410 and/or memory resources 460 can be provided in a cargo space
of the SDV. The various processing resources 410 of the computer system 400 can also
execute control instructions 462 using microprocessors 411, FPGAs 413, a neural
network array 412, or any combination of the same.

[0073] In an example of FIG. 4, the computer system 400 can include a communication
interface 450 that can enable communications over a network 480. In one
implementation, the communication interface 450 can also provide a data bus or other
local links to electro-mechanical interfaces of the vehicle, such as wireless or wired links
to and from control mechanisms 420 (e.g., via a control interface 422), sensor systems
430, and can further provide a network link to a backend transport management system
(implemented on one or more datacenters) over one or more networks 480. For example,
the processing resources 410 can receive a destination 482 over the one or more networks
480, or via a local user interface of the SDV.

[0074] The memory resources 460 can include, for example, main memory 461, a read-
only memory (ROM) 467, storage device, and cache resources. The main memory 461 of
memory resources 460 can include random access memory (RAM) 468 or other dynamic
storage device, for storing information and instructions which are executable by the
processing resources 410 of the computer system 400. The processing resources 410 can
execute instructions for processing information stored with the main memory 461 of the
memory resources 460. The main memory 461 can also store temporary variables or other
intermediate information which can be used during execution of instructions by the
processing resources 410. The memory resources 460 can also include ROM 467 or other
static storage device for storing static information and instructions for the processing
resources 410. The memory resources 460 can also include other forms of memory
devices and components, such as a magnetic disk or optical disk, for purpose of storing
information and instructions for use by the processing resources 410. The computer
system 400 can further be implemented using any combination of volatile and/or non-
volatile memory, such as flash memory, PROM, EPROM, EEPROM (e.g., storing
firmware 469), DRAM, cache resources, hard disk drives, and/or solid state drives.
[0075] The memory 461 may also store localization maps 464 in which the processing
resources 410—executing the control instructions 462—continuously compare to sensor

data 432 from the various sensor systems 430 of the SDV. Execution of the control
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instructions 462 can cause the processing resources 410 to generate control commands
415 in order to autonomously operate the SDV’s acceleration 422, braking 424, steering
426, and signaling systems 428 (collectively, the control mechanisms 420). Thus, in
executing the control instructions 462, the processing resources 410 can receive sensor
data 432 from the sensor systems 430, dynamically compare the sensor data 432 to a
current localization map 464, and generate control commands 415 for operative control
over the acceleration, steering, and braking of the SDV. The processing resources 410
may then transmit the control commands 415 to one or more control interfaces 422 of the
control mechanisms 420 to autonomously operate the SDV through road traffic on roads
and highways, as described throughout the present disclosure.

[0076] The memory 461 may also store dynamic sensor selection instructions 466 that
the processing resources 410 can execute to detect conditions and prioritize sensor data
based on the detected conditions. Thereafter, the processing resources 410 can generate
control commands 415 to cause the control mechanisms 420 to autonomously operate the
SDV along the current route or an alternate route accordingly.

[0077] FHIG. 5 is a block diagram that illustrates a computer system upon which
examples described herein may be implemented. A computer system 500 can be
implemented on, for example, a server or combination of servers. For example, the
computer system 500 may be implemented as part of a network service for providing
transportation services. In the context of FIGS. 1 and 2, the map service 199 or network
service 260 may be implemented using a computer system 500 such as described by FIG.
5.

[0078] In one implementation, the computer system 500 includes processing resources
510, a main memory 520, a read-only memory (ROM) 530, a storage device 540, and a
communication interface 550. The computer system 500 includes at least one processor
510 for processing information stored in the main memory 520, such as provided by a
random access memory (RAM) or other dynamic storage device, for storing information
and instructions which are executable by the processor 510. The main memory 520 also
may be used for storing temporary variables or other intermediate information during
execution of instructions to be executed by the processor 510. The computer system 500
may also include the ROM 530 or other static storage device for storing static information
and instructions for the processor 510. A storage device 540, such as a magnetic disk or

optical disk, is provided for storing information and instructions.
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[0079] The communication interface 550 enables the computer system 500 to
communicate over one or more networks 580 (e.g., cellular network) through use of the
network link (wireless or wired). Using the network link, the computer system 500 can
communicate with one or more computing devices, one or more servers, and/or one or
more self-driving vehicles. In accordance with examples, the computer system 500 can
receive pick-up requests 582 from mobile computing devices of individual users. The
executable instructions stored in the memory 530 can include selection instructions 522,
which the processor 510 executes to select an optimal driver or SDV to service the pick-
up request 582. In doing so, the computer system can receive vehicle locations of drivers
and SDVs operating throughout the given region, and the processor can execute the
selection instructions 522 to select an optimal driver or SDV from a set of available
vehicles, and transmit a transport invitation 552 to enable the driver to accept or decline
the ride service offer, or to instruct the matched SDV to rendezvous with the requesting
user.

[0080] The executable instructions stored in the memory 520 can also include dynamic
sensor selection instructions 524 to, for example, instruct computer system 500 to provide
data to a self-driving vehicle including performance characteristics of vehicle sensors,
contextual information regarding conditions, sensor priority rules, etc.

[0081] By way of example, the instructions and data stored in the memory 520 can be
executed by the processor 510 to implement an example map service 199 or network
service 260 of FIGS. 1 and 2. In performing the operations, the processor 510 can receive
pick-up requests 582 and submit transport invitations 552 to facilitate the servicing of the
requests 582.

[0082] The processor 510 is configured with software and/or other logic to perform one
or more processes, steps, and other functions described with implementations, such as
described with respect to FIGS. 1-3 and elsewhere in the present application. Examples
described herein are related to the use of the computer system 500 for implementing the
techniques described herein. According to one example, those techniques are performed
by the computer system 500 in response to the processor 510 executing one or more
sequences of one or more instructions contained in the main memory 520. Such
instructions may be read into the main memory 520 from another machine-readable
medium, such as the storage device 540. Execution of the sequences of instructions
contained in the main memory 520 causes the processor 510 to perform the process steps

described herein. In alternative implementations, hard-wired circuitry may be used in
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place of or in combination with software instructions to implement examples described
herein. Thus, the examples described are not limited to any specific combination of
hardware circuitry and software.

[0083] Itis contemplated for examples described herein to extend to individual
elements and concepts described herein, independently of other concepts, ideas or
systems, as well as for examples to include combinations of elements recited anywhere in
this application. Although examples are described in detail herein with reference to the
accompanying drawings, it is to be understood that the concepts are not limited to those
precise examples. As such, many modifications and variations will be apparent to
practitioners skilled in this art. Accordingly, it is intended that the scope of the concepts
be defined by the following claims and their equivalents. Furthermore, it is contemplated
that a particular feature described either individually or as part of an example can be
combined with other individually described features, or parts of other examples, even if
the other features and examples make no mention of the particular feature. Thus, the
absence of describing combinations should not preclude claiming rights to such

combinations.
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WHAT IS CLAIMED IS:

1. A self-driving vehicle (SDV) comprising:
a plurality of sensors generating sensor data indicative one or more views of a
surrounding area of the SDV; and

a control system to execute instructions that cause the control system to:

detect one or more conditions relating to an operation of the SDV;

select a set of sensors from the plurality of sensors based on performance
characteristics of each of the plurality of sensors associated with the detected one
or more conditions; and

prioritize the sensor data generated from the selected set of sensors to
control one or more aspects relating to the operation of the SDV based on the
performance characteristics of each of the plurality of sensors in the detected one

or more conditions relating to the operation of the SDV.

2. The SDV of claim 1, wherein detecting the one or more conditions includes receiving

contextual information from a network service over a network.

3. The SDV of claim 1, wherein the control system detects the one or more conditions by

analyzing the sensor data.

4, The SDV of claim 1, wherein the one or more conditions relating to the operation of the
SDV include weather conditions, current speed of the SDV, time of day, ambient lighting, and

road conditions.

5. The SDV of claim 1, wherein a plurality of sensor priority rules are applied to the

detected one or more conditions to select the set of sensors.
6. The SDV of claim 5, wherein the plurality of sensor priority rules include one or more

weights to apply to the sensor data from one or more of the plurality of sensors, and the control

system prioritizes the sensor data based on the one or more weights.
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7. The SDV of claim 6, wherein the plurality of sensor priority rules and/or the one or more
weights are based on the performance characteristics of each of the plurality of sensors in a

plurality of conditions relating to the operation of the SDV.

8. The SDV of claim 1, wherein the one or more aspects relating to the operation of the

SDV include detecting one or more objects in an environment around the SDV.

9. The SDV of claim 8, wherein the control system prioritizes the sensor data generated
from the selected set of sensors to assign an object classification to each of the one or more

objects.

10. The SDV of claim 1, wherein the one or more aspects relating to the operation of the

SDV include localization, prediction, and motion planning.

11. A non-transitory computer readable medium storing instructions that, when executed by a
control system of a self-driving vehicle (SDV), cause the control system to:

detect one or more conditions relating to an operation of the SDV;

select a set of sensors from a plurality of sensors based on performance characteristics of
each of the plurality of sensors associated with the detected one or more conditions, the sensors
are configured to generate sensor data indicative of one or more views of a surrounding area of
the SDV; and

prioritize the sensor data generated from the selected set of sensors to control one or more
aspects relating to the operation of the SDV based on the performance characteristics of each of
the plurality of sensors in the detected one or more conditions relating to the operation of the
SDV.

12. The non-transitory computer readable medium of claim 11, wherein detecting the one or
more conditions includes receiving contextual information from a network service over a

network.
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13.  The non-transitory computer readable medium of claim 11, wherein the control system

detects the one or more conditions by analyzing the sensor data.

14, The non-transitory computer readable medium of claim 11, wherein the one or more
conditions relating to the operation of the SDV include weather conditions, current speed of the

SDV, time of day, ambient lighting, and road conditions.

15. The non-transitory computer readable medium of claim 11, wherein a plurality of sensor

priority rules are applied to the detected one or more conditions to select the set of sensors.

16. The non-transitory computer readable medium of claim 15, wherein the plurality of
sensor priority rules include one or more weights to apply to the sensor data from one or more of
the plurality of sensors, and the control system prioritizes the sensor data based on the one or

more weights.

17. The non-transitory computer readable medium of claim 16, wherein the plurality of
sensor priority rules and/or the one or more weights are based on the performance characteristics
of each of the plurality of sensors in a plurality of conditions relating to the operation of the
SDV.

18.  The non-transitory computer readable medium of claim 11, wherein the one or more
aspects relating to the operation of the SDV include detecting one or more objects in an

environment around the SDV.
19.  The non-transitory computer readable medium of claim 18, wherein the control system
prioritizes the sensor data generated from the selected set of sensors to assign an object

classification to each of the one or more objects.

20. A computer-implemented method of operating a self-driving vehicle (SDV), the method

being performed by a control system of the SDV and comprising:
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obtaining, from a plurality of sensors onboard the SDV, sensor data indicative of one or
more views of a surrounding area of the SDV;

detecting one or more conditions relating to an operation of the SDV;

selecting a set of sensors from the plurality of sensors based on performance
characteristics of each of the plurality of sensors associated with the detected one or more
conditions; and

prioritizing sensor data generated from the selected set of sensors to control one or more
aspects relating to the operation of the SDV based on the performance characteristics of each of
the plurality of sensors in the detected one or more conditions relating to the operation of the
SDV.
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