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SIGNALING FOR TURNS FOR AUTONOMOUS VEHICLES

BACKGROUND

[0001] Autonomous vehicles, such as vehicles which do not require a human driver
when operating in an autonomous driving mode, may be used to aid in the transport of
passengers or items from one location to another. An important component of an autonomous
vehicle is the perception system, which allows the vehicle to perceive and interpret its
surroundings using sensors such as cameras, radar, LIDAR sensors, and other similar devices.
For instance, the perception system and/or the vehicle’s computing devices may process data
from these sensors in order to identify objects as well as their characteristics such as location,
shape, size, orientation, heading, acceleration or deceleration, type, etc.

BRIEF SUMMARY

[0002] Aspects of the disclosure provide a method of signaling for turns for a vehicle having
an autonomous driving mode. The method includes receiving, by one or more processors, a
trajectory that the vehicle will follow for some period of time into the future; processing, by
the one or more processors, at least a portion of the trajectory to identify a turning event, the
turning event corresponding to a location where the vehicle plans to turn and for which the
vehicle will need to use a turn signal; determining, by the one or more processors, whether the
trajectory includes a negative turning event located some threshold distance before the turning
event, the negative turn event corresponding to a location along the trajectory where the vehicle
could make a turn, but does not plan to make a turn; and while the vehicle is operating in the
autonomous driving mode, activating, by the one or more processors, the turn signal of the
vehicle based on the turning event and the determination.

[0003] In one example, processing at least the portion of the trajectory includes traversing the
trajectory starting from a point along the trajectory and moving towards some point in the future
along the trajectory. In another example, the determination indicates that the trajectory
includes the turning event, the method further comprises determining a direction for the
negative turning event, and wherein activating the turn signal of the vehicle is further based on
the direction for the negative turning event. In this example, the negative turning event is used
to suppress activation of the turn signal of the vehicle thereby temporarily preventing activation
of the turn signal of the vehicle. In another example, activating the turn signal of the vehicle

is further based on a chronological order to the turning event and the negative turning event
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with respect to the at least the portion of the trajectory. In another example, the method also
includes using the negative turning event to suppress activation of the turn signal of the vehicle;
processing at least the portion of the trajectory to identify a second turning event; determining
a first direction of the negative turning event; determining a second direction of the second
turning event; and when the second direction is different from the first direction and while the
vehicle is operating in the autonomous driving mode, using the second turning event to activate
a second turn signal of the vehicle independent of the suppression. In another example, the
method also includes determining the at least the portion of the trajectory based on a current
speed of the vehicle. In another example, the method also includes determining the at least the
portion of the trajectory based on an amount of time. In another example, the method also
includes determining the at least the portion of the trajectory based on an amount of distance
along the trajectory. In another example, the positive turning event corresponds to a turn from
one road onto another road. In this example, identifying the turning event includes analyzing
segments of a roadgraph of map information which the vehicle will traverse when following
the trajectory to determine whether the segments meet one or more requirements. In another
example, the turning event corresponds to a lane change. In this example, identifying the
turning event includes comparing the trajectory to a roadgraph of map information and
identifying a deviation from a lane. In another example, the turning event corresponds to the
vehicle partially leaving a lane and subsequently returning to the lane. In another example, the
turning event corresponds to the vehicle encountering a merge. In another example, the turning
event corresponds to the vehicle encountering a lane split. In another example, the turning
event corresponds to the vehicle pulling over. In another example, the negative turning event
corresponds to a turn onto a road which the vehicle will pass when following the trajectory. In
another example, the negative turning event corresponds to a driveway which the vehicle will
pass when following the trajectory. In another example, the method also includes using the
negative turning event to suppress activation of the turn signal of the vehicle, determining
whether to override the suppression based on a type of the turning event, and wherein activating
the turn signal of the vehicle is further based on the determination of whether to override the
suppression.

[0004] Another aspect of the disclosure provides a method of signaling for turns for a vehicle
having an autonomous driving mode. The method includes receiving a trajectory that the

vehicle will follow for some period of time into the future; processing at least a portion of the
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trajectory to identify at least one positive turning event and at least one negative turning event,
wherein the at least one positive turning event corresponds to a possible turning event for which
the vehicle will need to use a turn signal and the at least one negative turning event corresponds
to a possible turning event for which the vehicle will not need to use a turn signal as the vehicle
will not be turning; while the vehicle is operating in the autonomous driving mode, using the
at least one negative turning event to suppress activation of a turn signal of the vehicle; and
while the vehicle is operating in the autonomous driving mode, using the at least one positive
turning event to activate the turn signal of the vehicle.

[0005] In another example, processing at least a portion of the trajectory includes traversing
the trajectory starting from a point along the trajectory and moving towards some point in the
future along the trajectory. In another example, the method also includes determining a
direction for the at least one negative turning event, and wherein using the at least one positive
turning event to activate the turn signal of the vehicle is further based on the direction for the
at least one negative turning event. In this example, using the at least one negative turning
event to suppress activation of the turn signal of the vehicle temporarily prevents the using of
the at least one positive turning event to activate the turn signal of the vehicle. In another
example, the at least one positive turning event and the at least one negative turning event are
identified chronologically according to a chronological order of the at least one positive turning
event and the at least one negative turning event along the trajectory. In another example, the
method also includes processing at least a portion of the trajectory to identify a second positive
turning event; determining a first direction of the negative turning event; determining a second
direction of the second positive turning event; and when the second direction is different from
the first direction and while the vehicle is operating in the autonomous driving mode, using the
second positive turning event to activate a second turn signal of the vehicle independent of the
suppression. In another example, the method also includes determining the at least a portion
of the trajectory based on a current speed of the vehicle. In another example, the method also
includes determining the at least a portion of the trajectory based on an amount of time. In
another example, the method also includes determining the at least a portion of the trajectory
based on an amount of distance along the trajectory. In another example, the at least one
positive turning event corresponds to a turn from one road onto another road. In this example,
identifying the at least one positive turning event includes analyzing segments of a roadgraph

of map information which the vehicle will traverse when following the trajectory to determine
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whether the segments meet one or more requirements. In another example, the at least one
positive turning event corresponds to a lane change. In this example, identifying the at least
one positive turning event includes comparing the trajectory to a roadgraph of map information
and identifying a deviation from a lane. In this example, the at least one positive turning event
corresponds to the vehicle partially leaving a lane and subsequently returning to the lane. In
another example, the at least one positive turning event corresponds to the vehicle encountering
amerge. In another example, the at least one positive turning event corresponds to the vehicle
encountering a lane split. In another example, the at least one positive turning event
corresponds to the vehicle pulling over. In another example, the at least one negative turning
event corresponds to a turn onto a road which the vehicle will pass when following the
trajectory. In another example, the at least one negative turning event corresponds to a
driveway which the vehicle will pass when following the trajectory. In another example, the
method also includes determining whether to override the suppression based on a type of the
at least one positive turning event, and wherein using the at least one positive turning event to
activate the turn signal of the vehicle is further based on the determination of whether to
override the suppression.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIGURE 1 is a functional diagram of an example vehicle in accordance with an
exemplary embodiment.

[0007] FIGURES 2A and 2B are an example of map information in accordance with
aspects of the disclosure.

[0008] FIGURE 3 is an example external view of a vehicle in accordance with aspects
of the disclosure.

[0009] FIGURE 4 is an example view of a section of roadway and a trajectory in
accordance with aspects of the disclosure.

[0010] FIGURE 5 is an example view of a section of roadway, a trajectory, and positive
turning events in accordance with aspects of the disclosure.

[0011] FIGURE 6 is an example view of a section of roadway, a trajectory, and
negative turning events in accordance with aspects of the disclosure.

[0012] FIGURE 7 is an example view of a section of roadway, a trajectory, positive

turning events, and negative turning events in accordance with aspects of the disclosure.

-



WO 2020/185197 PCT/US2019/021360

[0013] FIGURE 8 is an example flow diagram in accordance with aspects of the
disclosure.

[0014] FIGURE 9 is another example flow diagram in accordance with aspects of the
disclosure.

DETAILED DESCRIPTION

OVERVIEW

[0015] The technology relates to determining when to use a turn signal in an

autonomous vehicle. Autonomous vehicles may function by generating short term trajectories
to follow an overall route to a destination. Many of these trajectories may require the vehicle
to make turns. Many different events along the trajectory can trigger a turn signal, such as turns,
lane changes, pull-overs, etc. Thus, the autonomous vehicle may need to determine when to
use its turn signal as well as for how long. While signaling to make a left or right turn may
appear a straightforward task, in certain situations, such as where there are multiple events
along a trajectory that may require a turn signal or where there are multiple possible turns and
the vehicle is only going to make one of them, signaling too early or too late can create
confusion with other drivers or vehicles which can be hazardous in certain situations.

[0016] For instance, a planning system of an autonomous vehicle may generate a
trajectory for the vehicle to follow in order to follow a route to a destination generated by a
routing system of the vehicle. One or more computing devices of the vehicle may then
determine whether and when to activate the vehicle’s turn signals. In order to do so, the latest
trajectory may be traversed or processed starting from a point along the trajectory
corresponding to the current location of the vehicle until some point in the future in order to
identify positive turning events (which may be possible turning events which may require a
turn signal as the vehicle will be turning) as well as a direction for each positive turning event.
[0017] The positive turning events may be pre-categorized. For instance, positive
turning events may include turns, mergers, pullovers, lane changes, lane splits, and nudging.
Each of these categories of positive turning events may be identified in different ways. In
addition, the direction of each positive turning event may be determined, for instance, based
on a direction of a change in heading of the vehicle during the positive turning event. For
instance, with a right turn, the vehicle’s heading will be changed towards a right or clockwise
direction. Similarly, with a left turn the vehicle’s heading will be changed towards a left or

counter-clockwise direction.
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[0018] Each identified positive turning event and its corresponding direction may then
be arranged in chronological order according to the trajectory. The computing devices may
then activate a vehicle’s turn signal according to the order and direction of the positive turning
events. A turn signal may be activated for a first positive turning event until that positive
turning event is completed. The turn signal for a next positive turning event may not be
initiated until the turn signal for a prior positive turning event has been deactivated.

[0019] The length of time that the turn signal is activated need not be fixed. For
instance, the length of time may be dependent upon the duration of the positive turning event
as well as some period of time, some amount of distance, or a combination of these before the
positive turning event is account to occur. Thereafter, the turn signal may be activated for the
next positive turning event.

[0020] In some instances, the vehicle may need to avoid signaling too soon for a turning
event. To address this, the computing devices may further analyze the trajectory to identify
any “negative turning events”. A negative turning event may correspond to a turn onto another
road which the vehicle will pass when following the trajectory, or rather a possible turning
event where the vehicle will not need to use its turn signal as the vehicle will not be turning.
[0021] This processing may be done in conjunction with the aforementioned processing
to identify positive turning events. Thus, as noted above, the latest trajectory may be traversed
or processed starting from a point along the trajectory corresponding to the current location of
the vehicle until some point in the future in order identify any negative turning events. The
direction of each negative turning event may be determined, for instance, based on a direction
of a change in heading of the vehicle which would have occurred if the vehicle were to actually
make the turn corresponding to the negative turning event as described with respect to positive
turning events above. For instance, with a right turn, the vehicle’s heading will be changed
towards a right or clockwise direction. Similarly, with a left turn the vehicle’s heading will be
changed towards a left or counter-clockwise direction.

[0022] The identified negative turning events may be ordered chronologically with the
aforementioned identified positive turning events based on the order of the events in according
to the trajectory. For instance, the positive turning events and negative turning events may be
arranged chronologically starting with the events that are earliest in time along the trajectory.
[0023] The computing devices may then use the identified positive and/or negative

turning events in order to determine when to activate a vehicle’s turn signal. Again, a turn
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signal may be activated for a first positive turning event until that positive turning event is
completed. The turn signal for a next event may not be initiated until the turn signal for a prior
event has been deactivated. However, for any negative turning events in the list, the turn signal
for the direction of the negative turning event may be suppressed thereby temporarily
preventing the turn signal from being activated for a later positive turning event in the same
direction as the negative turning event. The suppression may remain in place until the vehicle
has reached or passed the turn for the negative turning event. Of course, if the next event in
the list is a positive turning event in a direction that is different from the direction of the
negative turning event, the turn signal for the positive turning event in the direction that is
different could be activated as described above.

[0024] The features described herein may allow an autonomous vehicle to activate and
deactivate its turn signals in an effective and useful way. These features may allow the vehicle
to address situations in which there are multiple events along a trajectory that may require a
turn signal as well as situations in which there are multiple possible turns and the vehicle is
only going to make one of them. The vehicle may also be prevented from signaling too early
or too late, thereby reducing confusion with other drivers or vehicles which can be hazardous
in certain situations.

EXAMPLE SYSTEMS

[0025] As shown in FIGURE 1, a vehicle 100 in accordance with one aspect of the
disclosure includes various components. While certain aspects of the disclosure are
particularly useful in connection with specific types of vehicles, the vehicle may be any type
of vehicle including, but not limited to, cars, trucks, motorcycles, buses, recreational vehicles,
etc. The vehicle may have one or more computing devices, such as computing device 110
containing one or more processors 120, memory 130 and other components typically present
in general purpose computing devices.

[0026] The memory 130 stores information accessible by the one or more processors
120, including instructions 134 and data 132 that may be executed or otherwise used by the
processor 120. The memory 130 may be of any type capable of storing information accessible
by the processor, including a computing device-readable medium, or other medium that stores
data that may be read with the aid of an electronic device, such as a hard-drive, memory card,

ROM, RAM, DVD or other optical disks, as well as other write-capable and read-only
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memories. Systems and methods may include different combinations of the foregoing,
whereby different portions of the instructions and data are stored on different types of media.
[0027] The instructions 134 may be any set of instructions to be executed directly (such
as machine code) or indirectly (such as scripts) by the processor. For example, the instructions
may be stored as computing device code on the computing device-readable medium. In that
regard, the terms "instructions" and "programs" may be used interchangeably herein. The
instructions may be stored in object code format for direct processing by the processor, or in
any other computing device language including scripts or collections of independent source
code modules that are interpreted on demand or compiled in advance. Functions, methods and
routines of the instructions are explained in more detail below.

[0028] The data 132 may be retrieved, stored or modified by processor 120 in
accordance with the instructions 134. For instance, although the claimed subject matter is not
limited by any particular data structure, the data may be stored in computing device registers,
in a relational database as a table having a plurality of different fields and records, XML
documents or flat files. The data may also be formatted in any computing device-readable
format.

[0029] The one or more processor 120 may be any conventional processors, such as
commercially available CPUs or GPUs. Alternatively, the one or more processors may be a
dedicated device such as an ASIC or other hardware-based processor. Although FIGURE 1
functionally illustrates the processor, memory, and other elements of computing device 110 as
being within the same block, it will be understood by those of ordinary skill in the art that the
processor, computing device, or memory may actually include multiple processors, computing
devices, or memories that may or may not be stored within the same physical housing. For
example, memory may be a hard drive or other storage media located in a housing different
from that of computing device 110. Accordingly, references to a processor or computing
device will be understood to include references to a collection of processors or computing
devices or memories that may or may not operate in parallel.

[0030] In one example, computing device 110 may be part of a signaling system of an
autonomous driving computing system incorporated into vehicle 100. In this regard, the
signaling system may include or may be configured to send signals to control activation of two

or more turn signals of the vehicle, for instance left turn signals 112 and right turn signals 114.
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[0031] The autonomous control system 176 may include various computing devices,
configured similarly to computing devices 110, capable of communicating with various
components of the vehicle in order to control the vehicle in an autonomous driving mode. For
example, returning to FIGURE 1, the autonomous control system 176 may be in
communication with various systems of vehicle 100, such as deceleration system 160,
acceleration system 162, steering system 164, routing system 166, planning system 168,
positioning system 170, and perception system 172 in order to control the movement, speed,
etc. of vehicle 100 in accordance with the instructions 134 of memory 130 in the autonomous
driving mode.

[0032] As an example, a computing device of the autonomous control system 176 may
interact with deceleration system 160 and acceleration system 162 in order to control the speed
of the vehicle. Similarly, steering system 164 may be used by autonomous control system 176
in order to control the direction of vehicle 100. For example, if vehicle 100 is configured for
use on a road, such as a car or truck, the steering system may include components to control
the angle of wheels to turn the vehicle. The autonomous control system 176 may also use the
signaling system in order to signal the vehicle's intent to other drivers or vehicles, for example,
by lighting turn signals or brake lights when needed.

[0033] Routing system 166 may be used by the autonomous control system 176 in order
to generate a route to a destination. planning system 168 may be used by computing device
110 in order to follow the route. In this regard, the planning system 168 and/or routing system
166 may store detailed map information, e.g., highly detailed maps identifying the shape and
elevation of roadways, lane lines, intersections, crosswalks, speed limits, traffic signals,
buildings, signs, real time traffic information, pull over spots vegetation, or other such objects
and information.

[0034] FIGURE 2A is an example of map information 200 for a section of roadway
including intersections 202, 204, and side street 206. The map information 200 may be a local
version of the map information stored in the memory 130 of the computing devices 110. In
this example, the map information 200 includes information identifying the shape, location,
and other characteristics of lane lines 210, 212, 214, traffic lights 220, 222, crosswalk 230,
sidewalks 240, 242, an stop signs 250, 252. Only a few such features are depicted in FIGURE
2A, however, the map information 200 may include significantly more features and details in

order to enable the vehicle 110 to be controlled in the autonomous driving mode.
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[0035] FIGURE 2B is an example of segments 260-289 for a portion of the map
information 200. These segments may be discrete portions of drivable road surface, for
instance 1 meter or more or less in length. Although only a few segments are shown, the map
information may include segments for all or almost all drivable road surfaces. The routing
system 166 may use these segments to generate a route, and/or the planning system 168 may
use the segments to generate trajectories.

[0036] Although the map information is depicted herein as an image-based map, the
map information need not be entirely image based (for example, raster). For example, the map
information may include one or more roadgraphs or graph networks of information such as
roads, lanes, intersections, and the connections between these features which may be
represented by road segments. Each feature may be stored as graph data and may be associated
with information such as a geographic location and whether or not it is linked to other related
features, for example, a stop sign may be linked to a road and an intersection, etc. In some
examples, the associated data may include grid-based indices of a roadgraph to allow for
efficient lookup of certain roadgraph features.

[0037] Positioning system 170 may be used by autonomous control system 176 in order
to determine the vehicle's relative or absolute position on a map or on the earth. For example,
the position system 170 may include a GPS receiver to determine the device's latitude,
longitude and/or altitude position. Other location systems such as laser-based localization
systems, inertial-aided GPS, or camera-based localization may also be used to identify the
location of the vehicle. The location of the vehicle may include an absolute geographical
location, such as latitude, longitude, and altitude as well as relative location information, such
as location relative to other cars immediately around it which can often be determined with less
noise that absolute geographical location.

[0038] The positioning system 170 may also include other devices in communication
with the computing devices of the autonomous control system 176, such as an accelerometer,
gyroscope or another direction/speed detection device to determine the direction and speed of
the vehicle or changes thereto. By way of example only, an acceleration device may determine
its pitch, yaw or roll (or changes thereto) relative to the direction of gravity or a plane
perpendicular thereto. The device may also track increases or decreases in speed and the

direction of such changes. The device's provision of location and orientation data as set forth
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herein may be provided automatically to the computing device 110, other computing devices
and combinations of the foregoing.

[0039] The perception system 172 also includes one or more components for detecting
objects external to the vehicle such as other vehicles, obstacles in the roadway, traffic signals,
signs, trees, etc. For example, the perception system 172 may include lasers, sonar, radar,
cameras and/or any other detection devices that record data which may be processed by the
computing devices of the autonomous control system 176. In the case where the vehicle is a
passenger vehicle such as a minivan, the minivan may include a laser or other sensors mounted
on the roof or other convenient location. For instance, FIGURE 3 is an example external view
of vehicle 100. In this example, roof-top housing 310 and dome housing 312 may include a
LIDAR sensor as well as various cameras and radar units. In addition, housing 320 located at
the front end of vehicle 100 and housings 330, 332 on the driver’s and passenger’s sides of the
vehicle may each store a LIDAR sensor. For example, housing 330 is located in front of driver
door 360. Vehicle 100 also includes housings 340, 342 for radar units and/or cameras also
located on the roof of vehicle 100. Additional radar units and cameras (not shown) may be
located at the front and rear ends of vehicle 100 and/or on other positions along the roof or
roof-top housing 310. FIGURE 3 also depicts left and right turn signals 112, 114. In this
example, front left turn signal 112A, rear left turn signal 112B, and front right turn signal 114A
are depicted, but a right rear turn signal is not visible from the perspective of FIGURE 3.
[0040] The autonomous control system 176 may capable of communicating with
various components of the vehicle in order to control the movement of vehicle 100 according
to primary vehicle control code of memory of the autonomous control system 176. For
example, returning to FIGURE 1, the autonomous control system 176 may include various
computing devices in communication with various systems of vehicle 100, such as deceleration
system 160, acceleration system 162, steering system 164, routing system 166, planning system
168, positioning system 170, perception system 172, and power system 174 (i.e. the vehicle’s
engine or motor) in order to control the movement, speed, etc. of vehicle 100 in accordance
with the instructions 134 of memory 130.

[0041] The various systems of the vehicle may function using autonomous vehicle
control software in order to determine how to and to control the vehicle. As an example, a
perception system software module of the perception system 172 may use sensor data generated

by one or more sensors of an autonomous vehicle, such as cameras, LIDAR sensors, radar
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units, sonar units, etc., to detect and identify objects and their characteristics. These
characteristics may include location, type, heading, orientation, speed, acceleration, change in
acceleration, size, shape, etc. In some instances, characteristics may be input into a behavior
prediction system software module which uses various behavior models based on object type
to output a predicted future behavior for a detected object. In other instances, the
characteristics may be put into one or more detection system software modules, such as a traffic
light detection system software module configured to detect the states of known traffic signals,
construction zone detection system software module configured to detect construction zones
from sensor data generated by the one or more sensors of the vehicle as well as an emergency
vehicle detection system configured to detect emergency vehicles from sensor data generated
by sensors of the vehicle. Each of these detection system software modules may uses various
models to output a likelihood of a construction zone or an object being an emergency vehicle.
Detected objects, predicted future behaviors, various likelihoods from detection system
software modules, the map information identifying the vehicle’s environment, position
information from the positioning system 170 identifying the location and orientation of the
vehicle, a destination for the vehicle as well as feedback from various other systems of the
vehicle may be input into a planning system software module of the planning system 168. The
planning system may use this input to generate trajectories for the vehicle to follow for some
brief period of time into the future based on a route generated by a routing module of the routing
system 166. A control system software module of the autonomous control system 176 may be
configured to control movement of the vehicle, for instance by controlling braking, acceleration
and steering of the vehicle, in order to follow a trajectory.

[0042] The autonomous control system 176 may control the vehicle in an autonomous
driving mode by controlling various components. For instance, by way of example, the
autonomous control system 176 may navigate the vehicle to a destination location completely
autonomously using data from the detailed map information and planning system 168. The
autonomous control system 176 may use the positioning system 170 to determine the vehicle's
location and perception system 172 to detect and respond to objects when needed to reach the
location safely. Again, in order to do so, computing device 110 may generate trajectories and
cause the vehicle to follow these trajectories, for instance, by causing the vehicle to accelerate
(e.g., by supplying fuel or other energy to the engine or power system 174 by acceleration

system 162), decelerate (e.g., by decreasing the fuel supplied to the engine or power system
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174, changing gears, and/or by applying brakes by deceleration system 160), change direction
(e.g., by turning the front or rear wheels of vehicle 100 by steering system 164), and signal
such changes (e.g., by lighting turn signals 112 or 114 of the signaling system). Thus, the
acceleration system 162 and deceleration system 160 may be a part of a drivetrain that includes
various components between an engine of the vehicle and the wheels of the vehicle. Again, by
controlling these systems, autonomous control system 176 may also control the drivetrain of
the vehicle in order to maneuver the vehicle autonomously.

EXAMPLE METHODS

[0043] In addition to the operations described above and illustrated in the figures,
various operations will now be described. It should be understood that the following operations
do not have to be performed in the precise order described below. Rather, various steps can be
handled in a different order or simultaneously, and steps may also be added or omitted.
[0044] In order to determine when to use the turn signals 112, 114, the computing devices may
receive a trajectory. For instance, the planning system 168 of an autonomous vehicle may
generate a trajectory for the vehicle to follow in order to follow a route to a destination
generated by the routing system 166 of the vehicle. The planning system may then provide
this trajectory to the autonomous driving system 176 as well as the computing devices 110.
Accordingly, the computing devices 110 may receive this trajectory from the planning system
168 or may simply monitor the output of the planning system and retrieve new trajectories as
they are generated.

[0045] For demonstration purposes, FIGURE 4 depicts vehicle 100 being maneuvered on a
section of roadway 400 including intersections 402 and 404 as well as side street 406. In
example 400 of FIGURE 4, vehicle 100 and vehicle 400 are each approaching an intersection
402. In this example, intersections 402 and 404 correspond to the locations of intersections
202 and 204 of the map information 200, respectively. Similarly, lane lines 410, 412, and 414
correspond to the shape, location, and other characteristics of lane lines 210, 212, and 214,
respectively.  Similarly, crosswalk 430 corresponds to the shape, location, and other
characteristics of crosswalk 230, respectively; sidewalks 440, 442 correspond to sidewalks 240,
242; traffic lights 420, 422 correspond to traffic lights 220, 222, respectively; and stop signs
450, 452 correspond to stop signs 250, 252, respectively. In this example, vehicle 100 is
depicted following a trajectory 460 generated by the planning system 168. The trajectory 460
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is configured to cause the vehicle to make a left turn at intersection 404 and a right turn at
intersection 402.

[0046] One or more computing devices of the vehicle may then determine whether and
when to activate the turn signals 112, 114. In order to do so, the latest trajectory may be
traversed or processed starting from a point along the trajectory corresponding to the current
location of the vehicle until some point in the future in order identify turning events
corresponding to a location where the vehicle plans to turn. For instance, such turning events
may be called “positive turning events” for which the vehicle will need to use a turn signal or
which may require a turn signal. Each such positive turning event may also be associated with
a direction for each positive turning event.

[0047] This point in the future may be determined based on a distance, for instance 50
meters or 100 meters, or time, for instance, 5 or 10 seconds. Of course, these values may even
by dynamic, for example, such that the distance or time is greater or lesser depending upon the
vehicle’s current speed or expected future speed according to the trajectory. For instance, if
the vehicle is driving slowly the value may be 50 meters or 5 seconds, and if the vehicle is
driving at higher speeds, the value may be 100 meters or 10 seconds.

[0048] The positive turning events may be pre-categorized. For instance, positive
turning events may include turns, mergers, pullovers, lane changes, lane splits, and nudging.
A lane split may refer to when one lane turns into two lanes, and the vehicle has to use one or
the other. Nudging may refer to a situation in which the vehicle partially changes lanes and
returns to the vehicle’s original lane, for instance, in order to avoid a parked vehicle, debris, or
a turning vehicle.

[0049] Each of these categories of positive turning events may be identified in different
ways. For instance, for a turn, the computing devices may analyze segments of a roadgraph of
map information which the vehicle will traverse when following the trajectory. If those
segments meet certain requirements, a turning event in the “turn” category may be identified.
These requirements may include but are not limited to: the segments followed by the trajectory
passing through an intersection and changing from one road to another, the trajectory moving
from one segment of one road to another segment of another road, the heading of a lane at a
starting location of a segment and the heading of a lane at an ending location of a segment
changing by some threshold degree, which may indicate that the lane was a turning lane (either

left or right) depending upon the direction of the change of heading. Mergers and lane splits
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may be identified based on identifying information in the roadgraph. Pullovers may be
identified based on whether a pull over command or a pull over software module of the vehicle
was used to generate the trajectory. Lane changes and nudging may be identified by comparing
the trajectory to the map and looking for deviations from a lane and/or segment of the map
information, and/or based on whether a lane change or nudging software module of the vehicle
was used to generate the trajectory.

[0050] The direction of each positive turning event may be determined, for instance,
based on a direction of a change in heading of the vehicle during the positive turning event.
For instance, with a right turn, the vehicle’s heading will be changed towards a right or
clockwise direction. Similarly, with a left turn the vehicle’s heading will be changed towards
a left or counter-clockwise direction.

[0051] For instance, turning to FIGURE 5, by traversing the trajectory 460 starting
from the current location of vehicle 100, the computing devices 110 may first identify a positive
turning event 510 and subsequently identify a positive turning event 520. In each of these
examples, the turning events may be identified by determining that the trajectory meets certain
requirements, including that the trajectory 460 passes through intersection 404 and changes
from one road to another and/or that the trajectory moves from one segment of one road to
another segment of another (e.g. from segment 264 to 273 of FIGURE 2B), etc.

[0052] In addition, the directions of these positive turning events may be determined
by the change in the vehicle’s headings during the trajectory. For instance, for positive turning
event 510, the vehicle’s heading changes in a counter-clockwise direction corresponding to a
left turn, and for positive turning event 520, the vehicle’s heading change in a clockwise
direction corresponding to a right turn.

[0053] Each identified positive turning event and its corresponding direction (i.e. left
turn or right turn) may then be arranged in chronological order according to the trajectory. For
instance, the positive turning events may be arranged chronologically starting with the positive
turning events that are earliest in time along the trajectory. In the example of FIGURE 5,
positive turning event 510 occurs earlier in time than positive turning event 520, such that the
order of the turning events of trajectory 460 is positive turning event 510 and thereafter,
positive turning event 520.

[0054] The computing devices 110 may then activate the vehicle’s turn signals

according to the order and direction of the positive turning events. A turn signal may be
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activated for a first positive turning event until that positive turning event is completed. For
instance, the computing devices 110 may activate turn signals 112 for positive turning event
510. The turn signal for a next positive turning event may not be initiated until the turn signal
for a prior positive turning event has been deactivated. In this regard, the turn signal 114 for
positive turning event 520 would not be activated until the positive turning event 510 has been
completed by the vehicle 100.

[0055] The length of time that the turn signal is activated need not be fixed. For
instance, the length of time may be dependent upon the duration of the positive turning event
as well as some period of time, some amount of distance, or a combination of these before the
positive turning event is account to occur. For instance, a turn signal may be activated 5
seconds or 10 seconds or more or less (or 50 meters or 100 meters or more or less) before a
positive turning event and may be deactivated once the positive turning event is completed.
Thereafter, the turn signal may be activated for the next positive turning event, if it is within 5
seconds or may be delayed until the vehicle is within 5 seconds of the next positive turning
event.

[0056] In some instances, the vehicle may need to avoid signaling too soon for a turning
event. For instance, if the vehicle is turning left, but there are two left turn options that the
vehicle can take and the vehicle is going to take the second one, activating the left turn signal
may suggest to other road users that the vehicle is going to turn sooner than actually planned.
To address this, the computing devices may further analyze the trajectory to determine whether
the trajectory includes a negative turning event located some threshold distance before the
turning event. A negative turn event corresponding to a location along the trajectory where the
vehicle could make a turn, but does not plan to make a turn, such as a turn onto another road
which the vehicle will pass when following the trajectory, or rather a possible turning event
where the vehicle will not need to use its turn signal as the vehicle will not be turning. The
determination or identification of negative turning events, for instance identifying whether a
lane and/or segment is a turn, merger, pullover, lane change, lane split, and nudging, may
proceed similarly as described above for positive turning events positive and negative events
by processing lanes and/or segments leaving from the trajectory.

[0057] These negative turning events might not only include turns that the vehicle
could take from its current lane but also turns that could be taken from neighboring lanes (for

instance, on a multi-lane road). For example, if the vehicle is stopped a red light of a large
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intersection in a straight-only lane, but a “neighboring” (e.g. and adjacent lane with the same
general direction of traffic flow) dedicated turn lane allows a turn, the neighboring dedicated
turn lane may be considered a negative turning event. In other words, even though it might not
be legal to turn at the intersection the vehicle’s current straight-only lane, other road users, such
as pedestrians, bicyclists, and vehicles (with or without drivers) might still be confused or
misled if one or more of the vehicle’s turn signal was activated. As another example if there
are two neighboring lanes, and at some point the lanes no longer become neighbors, such as a
highway on or off ramp, this may also be considered a negative turning event.

[0058] This processing to identify negative turning events may be done in conjunction
with the aforementioned processing to identify positive turning events. Thus, as noted above,
the latest trajectory may be traversed or processed starting from a point along the trajectory
corresponding to the current location of the vehicle until some point in the future in order
identify any negative turning events. The direction of each negative turning event may be
determined, for instance, based on a direction of a change in heading of the vehicle which
would have occurred if the vehicle were to actually make the turn corresponding to the negative
turning event as described with respect to positive turning events above. For instance, with a
right turn, the vehicle’s heading will be changed towards a right or clockwise direction.
Similarly, with a left turn the vehicle’s heading will be changed towards a left or counter-
clockwise direction.

[0059] For instance, turning to FIGURE 6, by traversing the trajectory 460 starting
from the current location of vehicle 100, the computing devices 110 may first identify a
negative turning event 610, subsequently identify a negative turning event 620, and finally
identify a negative turning event 630. In each of these examples, the turning events may be
identified by determining that the vehicle will pass by another road onto which the vehicle
could turn, but will not according to the trajectory. For instance, trajectory 460 passes through
intersection 404 and turns left, which results in the negative turning event 610 for turning right.
Trajectory also passes by the side street 406 and continues straight towards intersection 402,
which results in the negative turning event 620 for turning right. Trajectory 460 also passes
through intersection 402 and turns right, which results in the negative turning event 630 for
turning left.

[0060] The identified negative turning events may then be ordered chronologically with

the aforementioned identified positive turning events. Again, the positive turning events and
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negative turning events may be arranged chronologically starting with the events that are
earliest in time along the trajectory. For instance, turning to FIGURE 7, trajectory 460 is
depicted with both the positive turning events 510, 520 as well as the negative turning events
610, 620, 630. In this example, negative turning event 630 and positive turning event 520
overlap with one another.

[0061] The computing devices 110 may then use the list and order to determine when
to activate a vehicle’s turn signal, for instance, when the vehicle is operating in the autonomous
driving mode. Again, a turn signal may be activated for a first positive turning event until that
positive turning event is completed. The turn signal for a next event may not be initiated until
the turn signal for a prior event has been deactivated. However, for any negative turning events
in the list, the turn signal for the direction of the negative turning event may be suppressed
thereby temporarily preventing the turn signal from being activated for a later positive turning
event in the same direction as the negative turning event. In this regard, the determination of
whether the trajectory includes a negative turning event may be used to activate or not activate
(by way of suppression) a turn signal. The suppression may remain in place until the vehicle
has reached or passed the turn for the negative turning event. For instance, the negative turning
event 620 may be used to suppress activation of the right turn signal 114 until after vehicle 100
has passed by the side street 406. In this regard, the right turn signal 114 would not be activated
for the positive turning event 520 until the vehicle 100 passes the side street 406 (or rather
when an opportunity for the vehicle to make the right turn corresponding to the negative turning
event 620 has passed).

[0062] Of course, if the next event in the list is a positive turning event in a direction
that is different from the direction of the negative turning event, the turn signal for the direction
that is different could be activated as described above. For instance, negative turning event
610 would only suppress the right turn signals 114, and thus, the computing devices 110 would
still be able to activate the left turn signals 112 for the left turn at intersection 404 (or rather,
positive turning event 510). Similarly, negative turning event 630 would only suppress the left
turn signals 112, and thus, the computing devices 110 would still be able to activate the right
turn signals 114 for the right turn at intersection 404 (or rather, positive turning event 520).
[0063] In some implementations, positive events may be given precedence over
negative ones. For instance, when a negative turning event and a positive turning event occur

at the same location, as in the example of negative turning event 630 and positive turning event
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520, the positive turning event may be processed first. In this regard, negative turning event
630 would not necessarily suppress positive turning event 520 not only because they are in
different directions, but also because these turning events are at the same location, and positive
events take precedence. Thus, even where a negative event was in the same direction as a
positive event, such as where the trajectory includes a “hard” or sharp right turn and a “soft”
or slight right turn could be taken from the same location as the hard right turn, because the
positive turning event would take precedence, the negative event would not suppress the turn
signal for the hard right run event. This behavior may avoid suppression of turn signals at
intersections with multiple turning options which would require the same direction of a turn
signal.

[0064] In some instances, the type of or distance to a next positive turning event may
be used to “override” or remove the suppression and thereby allow the turn signal to be
activated. For instance, turns may be classified based on importance or number of lanes. For
example, if the vehicle is going to make a right turn at a highway just after a side street to the
right of the vehicle, the right turn at the highway may be used by the computing devices 110 to
determine to override the suppression of the right turn signal caused by the side street.
Alternatively, if the right turn for the highway is less than some distance or amount of time
from the side street, such as 20 meters or 4 seconds, the right turn at the highway may be used
by the computing devices 110 to determine to override the suppression of the right turn signal
caused by the side street.

[0065] In some instances, negative turning events may also include driveways which
the vehicle will pass when following the trajectory. Driveways may include residential and
commercial driveways that are identified as such in the map information, and thus may include
all or some driveways depending upon the information in the map. This may be especially
useful in residential areas where there are a lot of driveways nearby one another or for entrances
to larger commercial or industrial areas which may appear similar to roads.

[0066] FIGURE 8 is an example flow diagram 800 in accordance with aspects of the disclosure
which may be performed by one or more processors of one or more computing devices, such
as processors 120 of computing devices 110, in to signal for turns for a vehicle having an
autonomous driving mode. Turning to block 810, a trajectory that the vehicle will follow for
some period of time into the future is received. At block 820, at least a portion of the trajectory

is processed to identify a turning event. The turning event corresponds to a location where the
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vehicle plans to turn and for which the vehicle will need to use a turn signal. Whether the
trajectory includes a negative turning event located some threshold distance before the turning
event is determined at block 830. The negative turn event corresponding to a location along
the trajectory where the vehicle could make a turn, but does not plan to make a turn. At block
840, while the vehicle is operating in the autonomous driving mode, the turn signal of the
vehicle is activated based on the turning event and the determination.

[0067] FIGURE 9 is an example flow diagram 900 in accordance with aspects of the
disclosure which may be performed by one or more processors of one or more computing
devices, such as processors 120 of computing devices 110, in to signal for turns for a vehicle
having an autonomous driving mode. Turning to block 910, a trajectory that the vehicle will
follow for some period of time into the future is received. At block 920, at least a portion of
the trajectory is processed to identify at least one positive turning event and at least one negative
turning event, wherein the at least one positive turning event corresponds to a possible turning
event for which the vehicle will need to use a turn signal and the at least one negative turning
event corresponds to a possible turning event for which the vehicle will not need to use a turn
signal as the vehicle will not be turning. At block 930, while the vehicle is operating in the
autonomous driving mode, the at least one negative turning event is used to suppress activation
of a turn signal of the vehicle. At block 940, while the vehicle is operating in the autonomous
driving mode, the at least one positive turning event is used to activate the turn signal of the
vehicle.

[0068] The features described herein may allow an autonomous vehicle to activate and
deactivate its turn signals in an effective and useful way. These features may allow the vehicle
to address situations in which there are multiple events along a trajectory that may require a
turn signal as well as situations in which there are multiple possible turns and the vehicle is
only going to make one of them. The vehicle may also be prevented from signaling too early
or too late, thereby reducing confusion with other drivers or vehicles which can be hazardous
in certain situations.

[0069] Unless otherwise stated, the foregoing alternative examples are not mutually
exclusive, but may be implemented in various combinations to achieve unique advantages. As
these and other variations and combinations of the features discussed above can be utilized
without departing from the subject matter defined by the claims, the foregoing description of

the embodiments should be taken by way of illustration rather than by way of limitation of the
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subject matter defined by the claims. In addition, the provision of the examples described
herein, as well as clauses phrased as "such as," "including" and the like, should not be
interpreted as limiting the subject matter of the claims to the specific examples; rather, the
examples are intended to illustrate only one of many possible embodiments. Further, the same

reference numbers in different drawings can identify the same or similar elements.
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CLAIMS

1. A method of signaling for turns for a vehicle having an autonomous driving mode,
the method comprising:

receiving, by one or more processors, a trajectory that the vehicle will follow for some
period of time into the future;

processing, by the one or more processors, at least a portion of the trajectory to identify
a turning event, the turning event corresponding to a location where the vehicle plans to turn
and for which the vehicle will need to use a turn signal;

determining, by the one or more processors, that the trajectory includes a negative
turning event located some threshold distance before the turning event, the negative turn event
corresponding to a location along the trajectory where the vehicle could make a turn, but does
not plan to make a turn;

while the vehicle is operating in the autonomous driving mode, using the negative
turning event to suppress activation of the turn signal of the vehicle; and

determining whether to override the suppression based on a type of the turning event,
and wherein activating the turn signal of the vehicle is further based on the determination of

whether to override the suppression.

2. The method of claim 1, wherein processing at least the portion of the trajectory
includes traversing the trajectory starting from a point along the trajectory and moving towards

some point in the future along the trajectory.

3. The method of claim 1 or claim 2, wherein the method further comprises determining
a direction for the negative turning event, and wherein activating the turn signal based on the

turning event is further based on the direction for the negative turning event.

4. The method of any preceding claim, wherein activating the turn signal of the vehicle
is further based on a chronological order of the turning event and the negative turning event

with respect to the at least the portion of the trajectory.

5. The method of any preceding claim, further comprising:
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processing at least the portion of the trajectory to identify a second turning event;

determining a first direction of the negative turning event;

determining a second direction of the second turning event; and

when the second direction is different from the first direction and while the vehicle is
operating in the autonomous driving mode, using the second turning event to activate a second

turn signal of the vehicle independent of the suppression.

6. The method of any preceding claim, further comprising determining the at least the

portion of the trajectory based on a current speed of the vehicle.

7. The method of any of claims 1 to 6, further comprising determining the at least the
portion of the trajectory based on an amount of time, or an amount of distance along the

trajectory.

8. The method of any preceding claim, wherein the turning event corresponds to a turn

from one road onto another road.

9. The method of claim 8, wherein identifying the turning event includes analyzing
segments of a roadgraph of map information which the vehicle will traverse when following

the trajectory to determine whether the segments meet one or more requirements.

10. The method of any of claims 1 to 7, wherein the turning event corresponds to a lane

change.

11. The method of claim 10, wherein identifying the turning event includes comparing

the trajectory to a roadgraph of map information and identifying a deviation from a lane.

12. The method of any of claims 1 to 7, wherein the turning event corresponds to the

vehicle partially leaving a lane and subsequently returning to the lane.
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13. The method of any of claims 1 to 7, wherein the turning event corresponds to the

vehicle encountering a merge.

14. The method of any of claims 1 to 7, wherein the turning event corresponds to the

vehicle encountering a lane split.

15. The method of any of claims 1 to 7, wherein the turning event corresponds to the

vehicle pulling over.

16. The method of any preceding claim, wherein the negative turning event corresponds

to a turn onto a road which the vehicle will pass when following the trajectory.

18. The method of any of claims 1 to 15, wherein the negative turning event corresponds

to a driveway which the vehicle will pass when following the trajectory.

19. A method of signaling for turns for a vehicle having an autonomous driving mode,
the method comprising:

receiving, by one or more processors, a trajectory that the vehicle will follow for some
period of time into the future;

processing, by the one or more processors, at least a portion of the trajectory to identify
a turning event, the turning event corresponding to a location where the vehicle plans to turn
and for which the vehicle will need to use a turn signal;

determining, by the one or more processors, whether the trajectory includes a negative
turning event located some threshold distance before the turning event, the negative turn event
corresponding to a location along the trajectory where the vehicle could make a turn, but does
not plan to make a turn;

while the vehicle is operating in the autonomous driving mode, wherein the
determination indicates that the trajectory includes the negative turning event, and

wherein the negative turning event is used to suppress activation of the turn signal of
the vehicle thereby temporarily preventing activation of the turn signal of the vehicle based on

the turning event.
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20. A method of signaling for turns for a vehicle having an autonomous driving mode,
the method comprising:

receiving, by one or more processors, a trajectory that the vehicle will follow for some
period of time into the future;

processing, by the one or more processors, at least a portion of the trajectory to identify
a turning event, the turning event corresponding to a location where the vehicle plans to turn
and for which the vehicle will need to use a turn signal;

determining, by the one or more processors, that the trajectory includes a negative
turning event located some threshold distance before the turning event, the negative turn event
corresponding to a location along the trajectory where the vehicle could make a turn, but does
not plan to make a turn;

while the vehicle is operating in the autonomous driving mode, using the negative
turning event to suppress activation of the turn signal of the vehicle;

processing at least the portion of the trajectory to identify a second turning event;

determining a first direction of the negative turning event;

determining a second direction of the second turning event; and

when the second direction is different from the first direction and while the vehicle is
operating in the autonomous driving mode, using the second turning event to activate a second

turn signal of the vehicle independent of the suppression.
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