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(57) ABSTRACT

The technology relates to factors regarding the external
environment around a vehicle that are used to trigger
enhanced driving directions for use by the driver. The factors
can 1nclude 1ssues such as adverse weather conditions, low
light conditions and temporary obstacles or other obstruc-
tions that may prevent or reduce the ability of the driver to
see street signs or other landmarks that are part of an 1nitial
set of driving directions. Upon determination of one or more
relevant factors, the system 1s able to modify or otherwise
enhances directions in real time. This allows the driver to be
able to quickly and easily 1dentify other visible landmarks
and use such information to navigate to a desired destina-
tion. This approach employs one or more on-board cameras
configured to detect objects and conditions 1n the environ-
ment adjacent to or otherwise nearby the vehicle, such as
within line of sight of the vehicle’s front end.
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ENHANCED NAVIGATION INSTRUCTIONS
WITH LANDMARKS UNDER DIFFICULT
DRIVING CONDITIONS

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims the benefit of the filing

date of U.S. Provisional Application No. 62/769,646, filed
Nov. 20, 2018, entitled Enhanced Navigation Instructions
with Landmarks Under Diflicult Drniving Conditions, the
disclosure of which is hereby incorporated herein by refer-
ence.

BACKGROUND

Map navigation systems are used in many different situ-
ations, including when providing driving or walking direc-
tions to a user. In the case of driving, the navigation system
can adapt to current traflic conditions to alter the route based
on the knowledge of traflic jams or accidents. This infor-
mation may be received from third party reports, e.g.,
crowdsourced from other drivers, local transit authorities,
ctc. However, there may be real-time environmental and
other factors that can also impact the trip. This may include,

for instance, weather, road construction/lane work, low-light
conditions due to the time of day, and other factors. The
conditions relating to such factors may limit the ability of the
user, such as a driver, from properly following a set of
driving directions.

BRIEF SUMMARY

Aspects of the technology relate to factors that trigger
enhanced driving directions, such as adverse weather con-
ditions. Upon determination of one or more relevant factors,
the system modifies or otherwise enhances directions 1n real
time, so that the driver 1s able to quickly and easily identify
different landmarks and use the enhanced information to
navigate to a desired destination. For 1nstance, as discussed
in detail below, an on-board camera 1s configured to detect
objects and conditions 1n the environment adjacent or oth-
erwise nearby the vehicle, such as within line of sight of the
front of the vehicle. Such real-time environmental informa-
tion 1s analyzed, and when 1t 1s determined that the envi-
ronmental information may adversely impact the ability of
the driver to follow existing directions, enhanced directions
are provided to more easily enable the driver to correctly
follow a particular route.

According to one aspect, a method comprises obtaining
initial directions for a driving route for a driver of a vehicle,
the directions for use 1n routing the vehicle from a starting
point to a destination; obtaining previously captured imag-
ery of one or more locations along the route; 1dentifying a
first landmark located in the previously captured imagery;
receiving, by one or more processors of a computer device,
real-time 1magery obtained by a camera located in the
vehicle; comparing, by the one or more processors, at least
one 1mage from the real-time 1magery against at least one
image from the previously captured imagery to determine
whether the first landmark would be observable by the driver
of the vehicle; and modifying by the one or more processors,
upon a determination that the first landmark would not be
observable by the driver of the vehicle, the mitial directions
for the driving route to indicate at least one other landmark
different than the first landmark.
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In one example, the comparing to determine whether the
first landmark would be observable by the driver of the
vehicle 1includes determining whether the first landmark 1s
partially or fully obscured from viewing by the driver of the
vehicle. Here, determining whether the first landmark 1s
partially or fully obscured may include determining that
visibility of the first landmark 1s adversely impacted by a
weather condition, a low light condition, another vehicle, a
building or vegetation. The real-time i1magery may be
obtained by the camera during driving along the route. The
modified directions may indicate to the driver to take a
specific driving action when the at least one other landmark
1s visible to the driver. Here, the specific driving action may
be selected from a group consisting of slowing down,
turning, stopping or parking.

Modifying the inmitial directions may 1nclude at least one
of updating a graphical display within the vehicle or playing
audible instructions within the vehicle. The camera located
in the vehicle has a field of view, and comparing the at least
one 1mage from the real-time 1magery against the at least one
image from the previously captured image may include
evaluating the camera’s field of view against an expected
field of view of the driver. And moditying the mnitial direc-
tions may include augmenting or replacing the 1mtial direc-
tions with at least one visual clue based on one or more
objects along the driving route visible to the camera.

According to another aspect, a method comprises receiv-
ing, by one or more processors of a computer device,
real-time 1magery obtained by a camera located 1n a vehicle
during driving of the vehicle by a driver; analyzing, by the
one or more processors, at least one 1image from the real-
time 1imagery to determine a current condition in an external
environment around the vehicle; determining by the one or
more processors, based on the analyzing, that the current
condition 1s expected to obscure a selected landmark 1n the
external environment from viewing by the driver; upon
determining that the current condition 1s expected to obscure
the selected landmark in the external environment from
viewing by the driver, identitying by the one or more
processors a different landmark that 1s observable by the
camera located in the vehicle; and providing a visual,
audible or haptic indication of the different landmark to the
driver.

The method may comprise, prior to the providing, modi-
ftying an 1mitial set of directions for driving to a destination
with the indication of the different landmark. The modified
initial directions may indicate to the driver to take a specific
driving action when the different landmark 1s visible to the
driver. The specific driving action may be selected from a
group consisting of slowing down, turning, stopping or
parking.

Determining that the current condition 1s expected to
obscure the selected landmark 1n the external environment
from viewing by the driver may include determining that
visibility of the selected landmark 1s adversely impacted by
a weather condition, a low light condition, another vehicle,
a building or vegetation. And analyzing the at least one
image from the real-time 1imagery to determine the current
condition in the external environment around the vehicle
may comprise applying a machine learning model to the
real-time 1magery 1n order to detect an obstructions or other
visibility impairment 1n the external environment.

According to a further aspect, a system comprises
memory configured to store at least one of instructions or
data and one or more processors operatively coupled to the
memory. The one or more processors are configured to
obtain 1nitial directions for a driving route for a driver of a
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vehicle, the directions for use in routing the vehicle from a
starting point to a destination; obtain previously captured
imagery of one or more locations along the route; 1dentify a
first landmark located in the previously captured 1magery;
receive real-time 1magery obtained by a camera located in
the vehicle; compare at least one 1image from the real-time
imagery against at least one image from the previously
captured imagery to determine whether the first landmark
would be observable by the drniver of the vehicle; and
modily, upon a determination that the first landmark would
not be observable by the drniver of the vehicle, the nitial
directions for the driving route to indicate at least one other
landmark different than the first landmark.

In one example, the system further comprises the camera.
The camera may be part of a personal communication
device.

According to yet another aspect, a system comprises
memory configured to store at least one of instructions or
data and one or more processors operatively coupled to the
memory. The one or more processors are configured to
receive real-time 1imagery obtained by a camera located 1n a
vehicle during driving of the vehicle by a driver; analyze at
least one 1mage from the real-time 1magery to determine a
current condition 1 an external environment around the
vehicle; determine, based on the analysis, that the current
condition 1s expected to obscure a selected landmark 1n the
external environment from viewing by the driver; upon
determining that the current condition 1s expected to obscure
the selected landmark in the external environment from
viewing by the driver, identify a diflerent landmark that 1s
observable by the camera located 1n the vehicle; and provide
a visual, audible or haptic indication of the different land-
mark to the driver.

The analysis of the at least one 1image {from the real-time
imagery to determine the current condition in an external
environment around the vehicle may be performed by the
one or more processors according to a machine learning
process.

According to a further aspect, a computing system com-
prises one or more processors and a non-transitory com-
puter-readable memory. The memory comprises mstructions
that, when executed, cause the at least one processor to
execute a method as described above.

And according to another aspect, a non-transitory com-
puter-readable storage medium stores instructions that,
when executed, cause one or more processors to carry out a
method as described above.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A illustrates an example passenger vehicle for use
with aspects of the technology, from an external perspective.

FIG. 1B illustrates the example passenger vehicle of FIG.
1A from an internal perspective.

FIG. 2A 1s a function diagram of an example passenger
vehicle 1 accordance with aspects of the disclosure.

FIG. 2B 1s an example functional diagram of an imaging,
device 1 accordance with aspects of the disclosure.

FIGS. 3A-B illustrate an example network of devices in
accordance with aspects of the disclosure.

FIGS. 4A-B illustrate a driving scenario 1 accordance
with aspects of the technology.

FIGS. SA-C illustrate another driving scenario in accor-
dance with aspects of the disclosure.

FIG. 6 1llustrates an example method 1n accordance with
aspects of the disclosure.
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FIG. 7 illustrates another example method 1 accordance
with aspects of the disclosure.

DETAILED DESCRIPTION

Environmental factors in the vicinity of a vehicle may
impact how readily a driver 1s able to follow displayed or
audible driving mstructions. Thus, aspects of the technology
involve enhancing such instructions with different or addi-
tional (e.g., enhanced) visual or audible clues. This may be
particularly important in adverse driving conditions, such as
when overall visibility 1s poor, or obstructions may prevent
the driver from seeing street signs, business signs or other
landmarks. An on-board camera or other imaging device 1s
used by the system to obtain imagery about the external
environment, and that information 1s employed when evalu-
ating whether and how to present enhanced visual and/or
audible clues or directions to the driver. By improving the
guidance provided to the user, the approach assists the user
in the performing the task of controlling vehicle. Concomi-
tant benefits may include more eflicient use of vehicle
resources and improved road safety.

EXAMPLE VEHICLE SYSTEMS

FIG. 1A 1illustrates an example passenger vehicle 100
from an exterior viewpoint, and FIG. 1B illustrates the
vehicle 100 from an interview viewpoint. As shown in both
views, an 1imaging device 200 is positioned so that one or
more 1mage sensors face the environment external to the
vehicle. For instance, the imaging device 200 may be
arranged within the vehicle to have the same or similar
vantage point as the driver, without obstructing the driver’s
view. By way of example, the imaging device 200 may be
placed along the dashboard or interior of the windshield on
the driver’s side of the vehicle. The vehicle’s windshield
wipers and/or defroster are designed to keep the windshield
clear. Thus, positioning the imaging device 200 in this
manner enables still or video 1mages to be captured through
the glass.

While certain aspects of the disclosure may be particu-
larly useful 1n 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.

FIG. 2A 1llustrates a block diagram of various systems of
an exemplary passenger vehicle such as vehicle 100 of
FIGS. 1A-B. As shown 1n the block diagram of FIG. 2A, the
vehicle includes a control system of one or more computing
devices, such as computing devices 102 containing one or
more processors 104, memory 106 and other components
typically present in general purpose computing devices. The
memory 106 stores mmformation accessible by the one or
more processors 104, including instructions 108 and data
110 that may be executed or otherwise used by the processor
104. The memory 106 may be of any type capable of storing
information accessible by the processor, including a com-
puting device-readable medium. The memory 1s a non-
transitory medium such as a hard-dnive, memory card,
optical disk, solid-state, tape memory, or the like. Systems
may 1nclude diflerent combinations of the {foregoing,
whereby diflerent portions of the instructions and data are
stored on different types of media.

The instructions 108 may be any set of istructions 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
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device-readable medium. In that regard, the terms “instruc-
tions” and “programs’ may be used interchangeably herein.
The 1nstructions may be stored in object code format for
direct processing by the processor, or 1n any other computing
device language including scripts or collections of indepen-
dent source code modules that are interpreted on demand or
compiled 1 advance. The data 110 may be retrieved, stored
or modified by one or more processors 104 in accordance
with the mstructions 108. In one example, some or all of the
memory 106 may be an event data recorder or other secure
data storage system configured to store vehicle diagnostics
and/or detected sensor data, which may be on board the
vehicle or remote, depending on the implementation.

The one or more processor 104 may be any conventional
processors, such as commercially available CPUs. Alterna-
tively, the one or more processors may be a dedicated device
such as an ASIC or other hardware-based processor.
Although FIG. 2A functionally illustrates the processor(s),
memory, and other elements of computing devices 102 as
being within the same block, such devices may actually
include multiple processors, computing devices, or memo-
ries that may or may not be stored within the same physical
housing. Similarly, the memory 106 may be a hard drive or
other storage media located in a housing different from that
of the processor(s) 104. Accordingly, references to a pro-
cessor 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.

In one example, the computing devices 202 may form a
driving computing system incorporated into vehicle 100, for
instance so that the vehicle may operate 1n a partially or fully
autonomous driving mode. By way of example, a partially
autonomous driving mode may be implemented as part of an
advanced driver assistance system (ADAS), to provide
adaptive cruise control or emergency braking. The driving
computing system may capable ol communicating with
various components of the vehicle. For example, the com-
puting devices 102 may be 1n communication with various
systems of the vehicle, including a driving system including
a deceleration system 112 (for controlling braking of the
vehicle), acceleration system 114 (for controlling accelera-
tion of the vehicle), steering system 116 (for controlling the
orientation of the wheels and direction of the vehicle),
signaling system 118 (for controlling turn signals), naviga-
tion system 120 (for navigating the vehicle to a location or
around objects and/or providing navigation directions to a
driver when operating 1n a manual or partially autonomous
driving mode) and a positioning system 122 (for determin-
ing the position of the vehicle).

The computing devices 102 are also operatively coupled
to a perception system 124 (for detecting objects in the
vehicle’s environment), a power system 126 (for example, a
battery and/or gas or diesel powered engine) and a trans-
mission system 128 in order to control the movement, speed,
etc., of the vehicle 1n accordance with the instructions 108
of memory 106 1n a dnving mode which does not require or
need continuous or periodic mput from a passenger of the
vehicle. Some or all of the wheels/tires 130 are coupled to
the transmission system 128, and the computing devices 102
may be able to receive information about tire pressure,
balance and other factors that may impact driving 1n any of
the driving modes.

In certain driving modes such as adaptive cruise control or
emergency braking, the computing devices 102 may control
the direction and/or speed of the vehicle by controlling
various components. The computing devices 102 may navi-
gate the vehicle or aid the driver in navigating the vehicle to
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a destination location using data from the map information
and navigation system 120. Computing devices 102 may use
the positioning system 122 to determine the vehicle’s loca-
tion and the perception system 124 to detect and respond to
objects when needed to reach the location safely. In order to
do so, computing devices 102 may cause the vehicle to
accelerate (e.g., by increasing fuel or other energy provided
to the engine by acceleration system 114), decelerate (e.g.,
by decreasing the fuel supplied to the engine, changing
gears, and/or by applying brakes by deceleration system
112), change direction (e.g., by turning the front or other
wheels of vehicle 100 by steering system 116), and signal
such changes (e.g., by lighting turn signals of signaling
system 118). Thus, the acceleration system 114 and decel-
eration system 112 may be a part of a drivetrain or other
transmission system 128 that includes various components
between an engine of the vehicle and the wheels of the
vehicle. Again, by controlling these systems, computing
devices 102 may also control the transmission system 128 of
the vehicle 1n order to maneuver the vehicle 1n a partially (or
even fully) autonomous mode.

As an example, computing devices 102 may interact with
deceleration system 112 and acceleration system 114 1n
order to control the speed of the vehicle. Similarly, steering
system 116 may be used by computing devices 102 1n order
to control the direction of vehicle. Signaling system 118 may
be used by computing devices 102 or the driver in order to
signal the vehicle’s intent to other drivers or vehicles, for
example, by lighting turn signals or brake lights when
needed.

Navigation system 120 may be used by computing
devices 102 1n order to determine and follow a route to a
location. In this regard, the navigation system 120 and/or
memory 106 may store map information, e.g., highly
detailed maps that computing devices 102 can use to navi-
gate or control the vehicle. As an example, these maps may
identify the shape and elevation of roadways, lane markers,
intersections, crosswalks, speed limits, traflic signal lights,
buildings, signs, real time traflic information, vegetation, or
other such objects and information. The lane markers may
include features such as solid or broken double or single lane
lines, solid or broken lane lines, reflectors, etc. A given lane
may be associated with left and rnight lane lines or other lane
markers that define the boundary of the lane. Thus, most
lanes may be bounded by a left edge of one lane line and a
right edge of another lane line. The map information may be
received from a remote computing system, such as a map-
ping database, from other vehicles, and/or from previous
trips taken by the vehicle 100.

The perception system 124 also includes sensors for
detecting objects external to the vehicle. The detected
objects may be other vehicles, obstacles in the roadway,
tratlic signals, signs, trees, etc. For example, the perception
system 124 may include one or more light detection and
ranging (Lidar) sensors, acoustical (sonar, internal and/or
external microphones) devices, radar units, imaging devices
such as cameras (e.g., optical and/or iirared), inertial
sensors (e.g., gyroscopes or accelerometers), and/or any
other detection devices that record data which may be
processed by computing devices 102. The sensors of the
perception system 124 may detect objects and their charac-
teristics such as location, orientation, size, shape, type (for
instance, vehicle, pedestrian, bicyclist, etc.), heading, and
speed of movement, etc. The raw data from the sensors
and/or the aforementioned characteristics can be sent for
turther processing to the computing devices 102 periodically
and continuously as it 1s generated by the perception system
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124. Computing devices 102 may use the positioning system
122 to determine the vehicle’s location and perception
system 124 to detect and respond to objects when needed to
reach the location safely. In addition, the computing devices
102 may perform calibration of individual sensors, all sen-
sors 1n a particular sensor assembly, or between sensors 1n
different sensor assemblies.

Also shown 1n FIG. 2A 1s a communication system 132.
The communication system 132 may include one or more
wireless network connections to facilitate communication
with other computing devices, such as personal computing,
devices of the driver and/or passengers within the vehicle, as
well as computing devices external to the vehicle such as in
another nearby vehicle on the roadway or at a remote
network. The network connections may include short range
communication protocols such as Bluetooth™, Bluetooth™
low energy (LE), cellular connections, as well as various
configurations and protocols including the Internet, World
Wide Web, mftranets, virtual private networks, wide area
networks, local networks, private networks using commu-
nication protocols proprietary to one or more companies,
Ethernet, WiF1 and HT TP, and various combinations of the
foregoing.

FIG. 2A also 1illustrates a user interface subsystem 134.
The user interface subsystem 134 may include one or more
user mputs 136 (e.g., a mouse, keyboard, touch screen or
other haptic input, and/or one or more microphones) and one
or more display devices of a display subsystem 138 (e.g., a
monitor having a screen or any other device that 1s operable
to display information). In this regard, an internal electronic
display 140 may be located within a cabin of the passenger
vehicle (see FIG. 1B) and may be used by computing
devices 102 to provide information to the driver or passen-
gers within the vehicle. Output devices, such as speaker(s)
142 may also be located within the passenger vehicle. As
discussed in more detail below, the display(s) 140 and/or
speaker(s) 142 are configured to provide enhanced direc-
tions or driving cues to the driver when the vehicle 1s being,
operated 1n a manual or partially autonomous driving mode.

FIG. 2B 1illustrates one example of imaging device 200.
The i1maging device 200 may be part of the on-board
perception system 124 of the vehicle. Or, alternatively, the
imaging device 200 may be a self-contained or otherwise
separate sensor unit. For instance, the imaging device 200
may be the driver’s (or a passenger’s) mobile phone, or it
may be a wearable device (e.g., head-mounted display
system, smartwatch, etc.) or other device (e.g., PDA, tablet,
etc.) that can be mounted within the interior cabin of the
vehicle.

As shown, the imaging device 200 includes one or more
computing devices 202, such as computing devices contain-
ing one or more processors 204, memory 206 and other
components typically present in general purpose computing
devices. The memory 206 stores information accessible by
the one or more processors 204, including instructions 208
and data 210 that may be executed or otherwise used by the
processor(s) 304. The descriptions of the processors,
memory, mstructions and data from FIG. 2A apply to these
clements of FIG. 2B.

In this example, the imaging device 200 also includes a
communication system 212, which may have one or both of
a wireless connection(s) 214 and a wired connection 216). In
this manner, the separate sensor unit 1s be configured to
communicate, either directly or indirectly, with the comput-
ing devices 102 or other systems of the vehicle, and/or with
a remote system (see FIGS. 3A-B).
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The imaging device 200 also includes an 1maging system
218 having one or more mmage sensors 220. By way of

example, the image sensors 220 may include one or more
sensor devices or arrays of sensor devices configured for
optical and/or infrared 1mage capture. The i1mage capture
may be done on a frame by frame basis as still images and/or
as a series of video 1mages. The one or more 1image sensors
220 are able to capture 1mages of the environment external
to the vehicle, for instance as landscape or panoramic-style
1mages.

The imaging device 200 may also include a user interface
subsystem 222 having user inputs 224. The user imnputs 224
may comprise one or more mechanical actuators 226 (e.g.,
switches, buttons and/or dials) and/or one or more soft
actuators 228 (e.g., a capacitive or inductive touch screen).
The user 1interface subsystem 222 may also include a graphi-
cal display 230, such as a preview screen 1n order to capture
images, a display to view captured 1mages, or both.

Furthermore, the imaging device 200 may include other
components, such as a positioning determination subsystem
236. This subsystem 236 may include sensors such as an
accelerometer 238, a gyroscope 240 and/or other inertial
sensors to help determine the pose or orientation of the
imaging device 200. The positioning determination subsys-
tem 236 may also include a GPS unit 242 or other position-
ing clement to determining a latitude/longitude (and eleva-
tion) of the imaging device 200. The imaging device 200
may also include one or more internal clocks 244, for
instance to obtain timing mnformation for the processors 204,
the GPS unit 242, or to generate timestamps for 1mages
acquired by the imaging system 218. And a power source (or
sources) 246, such as one or more batteries internal to the
imaging device 200 or a connection to an external source,
may also be provided.

EXAMPLE COLLABORATIVE SYSTEMS

As discussed above, the on-board system may communi-
cate with remote systems (e.g., remote assistance or fleet
management), with other vehicles, and/or from various
imaging devices within the vehicle. One example of this 1s
shown 1n FIGS. 3A and 3B. In particular, FIGS. 3A and 3B
are pictorial and functional diagrams, respectively, of an
example system 300 that includes a plurality of computing
devices 302, 304, 306, 308, imaging device 310 and a
storage system 312 connected via a network 314. By way of
example, the computing device 304 may be a tablet, laptop
or netbook computer, and the computing device 306 may be
a PDA or mobile phone. The computing devices 308 may be
wearable devices such as a smartwatch or head-mounted
display (HMD) device. Any of these may include a camera
or other imager and may operate as an 1maging device 200
such as illustrated 1n FIG. 2B.

System 300 1s also 1llustrated with vehicles 316 and 318,
which may be configured the same as or similarly to vehicle
100 of FIGS. 1A and 1B. For instance, vehicles 316 may be
passenger-type vehicles such as sedans or mimivans. And
vehicle 318 may be a larger vehicle such as a truck, bus, eftc.
Vehicles 316 and/or 318 may be part of a fleet of vehicles.
Although only a few vehicles, computing devices and 1imag-
ing devices, are depicted for simplicity, such a system may
include significantly more elements. As shown in FIG. 3B,
cach of computing devices 302, 304, 306 and 308 may
include one or more processors, memory, data and instruc-
tions. Such processors, memories, data and instructions may
be configured similarly to the ones described above with

regard to FIG. 2A.
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The various computing devices and vehicles may com-
municate via one or more networks, such as network 314.
The network 314, and interveming nodes, may 1include
various configurations and protocols including short range
communication protocols such as Bluetooth™, Bluetooth™
LE, the Internet, World Wide Web, intranets, virtual private
networks, wide area networks, local networks, private net-
works using communication protocols proprietary to one or
more companies, Ethernet, WiF1 and HTTP, and various
combinations of the foregoing. Such communication may be
tacilitated by any device capable of transmitting data to and
from other computing devices, such as modems and wireless
interfaces.

In one example, computing device 302 may include one
or more server computing devices having a plurality of
computing devices, e¢.g., a load balanced server farm, that
exchange information with different nodes of a network for
the purpose of receiving, processing and transmitting the
data to and from other computing devices. For instance,
computing device 302 may include one or more server
computing devices that are capable of communicating with
the computing devices of vehicles 316 and/or 318, as well as
computing devices 304, 306 and 308 via the network 314.
For example, vehicles 316 and/or 318 may be a part of a tleet
of vehicles that can be dispatched by a server computing
device to various locations. In this regard, the computing
device 302 may function as a dispatching server computing
system which can be used to dispatch vehicles to different
locations 1n order to pick up and drop ofl passengers or to
pick up and deliver cargo. In addition, server computing
device 302 may use network 314 to transmit and present
information to a user (e.g., a driver) of one of the other
computing devices or a passenger ol a vehicle. In this regard,
computing devices 304, 306 and 308 may be considered
client computing devices.

As shown 1n FIG. 3B each client computing device 304,
306 and 308 may be a personal computing device intended
for use by a respective user, and have all of the components
normally used 1n connection with a personal computing
device including a one or more processors (e.g., a central
processing unit (CPU)), memory (e.g., RAM and internal
hard drives) storing data and instructions, a display (e.g., a
monitor having a screen, a touch-screen, a projector, a
television, or other device such as a smart watch display that
1s operable to display mformation), and user input devices
(e.g., a mouse, keyboard, touchscreen or microphone). The
client computing devices may also include a camera for
recording imagery that may be used for enhanced driving
cues as discussed here, speakers, a network interface device,
and all of the components used for connecting these ele-
ments to one another. See also the discussion of FIG. 2B
above for other features and components that may be part of
the computing devices.

Storage system 313 can be a database or any type of
computerized storage capable of storing information acces-
sible by the server computing devices 302, such as a
hard-drive, memory card, ROM, RAM, DVD, CD-ROM,
flash drive and/or tape drive. In addition, storage system 313
may include a distributed storage system where data 1s
stored on a plurality of different storage devices which may
be physically located at the same or different geographic
locations. Storage system 314 may be connected to the
computing devices via the network 314 as shown 1n FIGS.
3A-B, and/or may be directly connected to or incorporated
into any of the computing devices.

Storage system 312 may store various types ol informa-
tion. For instance, the storage system 312 may store map,
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landmark and/or 1magery in one or more databases. This
information may be retrieved or otherwise accessed by a

server computing device, such as one or more server com-
puting devices 302, 1n order to perform some or all of the
features described herein.

For instance, storage system 312 may store map data. This
map data may include, for instance, sensor data generated by
a perception system, such as the perception system of
vehicle 100. The map data may also be map information
acquired from various 1magery. A landmark database may
store information about various landmarks, which may or
may not be associated with locations in the map database.
For instance, the map database may include street informa-
tion about New York City, and the landmark database may
include information about various places or items of interest
(e.g., the Empire State Building). The imagery database may
be part of or separate from these databases, and may include
previously obtained images about locations in the map
and/or landmark databases. The imagery database may
include street level or other types of 1imagery about various
locations. One or more of the map, landmark and/or imagery
databases may include supplemental information such as
street s1gns, business signs, sculptures or other artwork, etc.,
which may be visible to a driver along a route. Such
information may be accessible, directly or indirectly, by the
server system 302, the computing devices 304, 306, 308,
and/or 1maging devices 310.

EXAMPLE IMPLEMENTATTONS

In view of the structures and configurations described
above and 1llustrated 1n the figures, various implementations
will now be described.

An 1n-vehicle (or otherwise on-board) camera such as
imaging device 200 is configured to detect objects and
conditions 1n the environment adjacent or otherwise nearby
the vehicle, such as within line of sight of the front of the
vehicle. As noted above, the camera may be positioned
within the vehicle, e.g., along the dashboard or inside the
windshield, such as adjacent to the rear view mirror or sun
visor. In one example, the camera 1s positioned to provide a
field of view similar to or 1n alignment with what the driver
would observe 1n front of the vehicle while driving. In this
manner, the image sensors may be arranged on the camera
or positioned within the vehicle cabin to view the roadway
in front of the vehicle and adjacent areas, such as to be able
to detect street signs, business signs, storefronts, landmarks
and other points of interest.

The field of view (FOV) of the camera may be constrained
based on the type of imaging device(s) used, placement of
the camera within the vehicle and other factors. Still or video
images may be acquired. The camera may include a plurality
of imaging devices, or multiple cameras may be employed,
for instance to provide stereoscopic 1maging. For instance,
while a single imaging device 200 1s illustrated 1n FIGS.
1A-B, two or more imaging devices 200 may be arranged
within the vehicle cabin to provide diflerent fields of view
around the vehicle. These imaging devices 200 may com-
municate with one another or with the vehicle’s systems
directly or indirectly (e.g., via a Bluetooth™ connection),
may communicate with a remote system or service, or with

any or all such devices.

While not 1llustrated in FI1G. 2B, the imaging device 200
or other camera may include one or more microphones, or
may be operatively coupled to one or more microphones
positioned around the vehicle to acquire sounds. Such
microphones may be used to detect 11 the vehicle 1s driving
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1n snow or rain, for instance based on the sounds of the tires
as the vehicle moves along the roadway.

EXAMPLE SCENARIOS

For situations where a driver 1s driving the vehicle manu-
ally or in a partially autonomous mode, he or she may be
driving to a destination according to a set of directions along
a pre-planned route. The directions may be generated by or
downloaded to a personal device such as a mobile phone,
PDA, tablet computer, etc., which may or may not include
the 1maging device 200. Alternatively, the directions may be
generated or maintained by the navigation system 120 of the
vehicle 1tself. The directions may 1nstruct the driver to turn
onto a particular street, to maneuver for a certain number of
feet or meters, to head towards (or away) from certain
objects or points of interest, etc.

Unfortunately, real-world conditions and other factors
may adversely impact the ability of the dniver to follow
driving directions. For example, snow, fog, or heavy wind
causing swaying vegetation may obscure a street sign. Or a
truck or construction equipment may prevent the driver from
seeing a landmark. Still further, a driver may encounter
1ssues when he/she needs to make a turn 1n heavy snow onto
a small street with little to no signage visible under the
current conditions. Thus, even though a stop sign, stop light
or other signage may be nearby, the driver may not be able
to see 1t due to an obstruction (other vehicle, building),
inclement weather (e.g., snow, fog, heavy rain) or otherwise
poor driving conditions (e.g., at dusk or other low-light
condition). The received or previously generated directions
may not be suflicient to deal with such factors.

Using image information received from the camera and
on-board location information, the system 1s able to deter-
mine current weather conditions (e.g., rain, fog, snow, dusk
or nighttime, etc.) and/or road conditions (e.g., changes 1n
surface type, road damage such as potholes, wet or slippery
roadways, debris on the road, closures, etc.) in real time.
Changes 1n signage or the obstruction of signs can also be
determined based on the imagery captured by the camera.
This may be done, for mstance, by comparing the captured
imagery against previously acquired images of the current
location. By way of example, the on-board system may
obtain previously acquired images from a remote server,
from other vehicles, and/or by previous trips taken by the
same vehicle or even by the imaging device 1tsell.

The mmaging device 200 1s configured to provide the
on-board system with a “camera feedback loop™ of real-time
imagery. During the trip, the system can compare previously
obtained 1magery against the real-time 1magery from the
in-vehicle camera. Such 1mage processing may be done by
the camera or other device that captured the real-time
imagery (e.g., 304, 306, 308 or 310 of FIGS. 3A-B), by the
vehicle’s on-board computer system (e.g., 102 of FIG. 2A),
and/or by a remote server (e.g., server 302 of FIGS. 3A-B).
The imagery comparison or difference determination may be
shared among different processing devices of the system, for
instance according to processing resource availability, com-
munication bandwidth and other factors. Based on the
analysis, 1t 1s possible to generate information about the
difference in the obtained and acquired imagery. Depending
on what the differences are (e.g., a street sign 1s not visible
or 1s partly obscured), the system may 1dentify other visual
cues for the dniver.

In another example, the on-board system, remote system
(e.g., server 302), or both may employ a machine learning
model to the real-time acquired images 1n order to detect the
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presence and amount of snow, rain, construction equipment,
or other types of obstructions and visibility impairments. In
this way, the current driving conditions and environment are
determined 1n view of the real-time imagery.

As discussed below, this feedback loop allows the system
to caution the driver based on the acquired real-time 1magery
data. This may be done, for instance, by updating or chang-
ing an initial set of driving directions with more detailed
instructions based on what can be easily observed versus the
normal expected street-by-street navigation mode. The sys-
tem employs the more verbose instructions to guide the
driver to their destination. This can include augmenting
instructions with visual clues that are expected or known to
provide good orientation on their route. In particular, the
system can determine whether and how to enhance the
current driving instructions (such as make the instructions
more verbose), and to make changes 1n real time. This, 1n
turn, can make 1t easier and more likely for the driver to
correctly follow the planned route. In addition, the system
may vary the route to avoid certain suboptimal conditions.

By way of example, larger, more easily spotted visual
guides, such as landmarks, buildings, or various other fea-
tures of the urban landscape (parks, billboards, lamp posts,
etc.) can be used to provide better orientation to the driver
and tell him/her when to make the turn. The result 1s a more
verbose set of instructions, such as “Turn left on 15th St.,
after a large billboard on your right” or “Begin slowing
down near the tall brown building on your right, and prepare
to turn right before the next such tall building,” assuming of
course that 1n the latter example these two buildings stand
out from the rest. These instructions may be presented
visually, such as on display 140 of the vehicle, graphical
display 230 of the imaging device 200, etc. Here, visual cues
such as a larger font, different colors and/or highlighting
may be employed.

The instructions may also be presented audibly, such as by
the speaker(s) 142 of the vehicle’s user interface 134, or by
speaker 232 of the mmaging device 200. In addition or
alternatively, haptic feedback (e.g., through the steering
wheel) may also help provide enhanced updated guidance to
the driver, such as by vibrating the steering wheel 1 a
manner to indicate a right or left turn.

Another aspect of the technology involves a likelihood
that a drniver will correctly follow the provided navigation
instructions 1n view of the current environmental conditions.
This likelihood may be based on prior navigation situations
involving the same driver, aggregated (and anonymized)
statistical information for other drivers at the same or similar
locations, and/or under the same or similar conditions, the
types of landmark information available at the current
location, and other factors. Such information may be used to
calibrate the system and/or to select additional (verbose)
teature clues for the driver.

For instance, the system may analyze individual user
deviations (e.g., the driver fails to follow mitial set of
instructions correctly) and how these deviations come up 1n
different situations, as well as the individual’s driving habats.
Any person-specific information may be stored on the user’s
device and only used when determining whether to fetch the
regular or “enhanced” series of 1nstructions.

As part of this approach, the system may analyze not only
individual failures to follow the route, but failures in the
aggregate. Thus, 1f the driver misses multiple turns while
driving, or 1 the system 1s made aware that several drivers
along the route are missing turns, more verbose visual and/or
audible (and haptic) cues can be provided to the driver. In
another example, 11 the system detects that the driver is
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slowing down 1n an area where this 1s not expected, e.g., 1n
the middle of a straight line segment of the route, this may
also indicate that the driver 1s having dithculty following the
original directions. For instance, 1t may be because 1t 1s hard
to read the street signs at night or in the snow, or the roadway
1S 1ICY Or snowy, efc.

Depending on the scenario, this approach could mvolve
accumulating information over time. By way of example, an
explicit conditions-dependent model of visibility could be
developed based on evidence from the camera and/or other
devices. Here, 11 the system detects that 1t has been snowing
for some amount of time, e.g., 15 minutes, an hour, etc., the
system may select different or additional cues to aid the
driver.

Furthermore, even if a sign or other landmark i1s not
obscured due to the weather or poor lighting, 1t may be
difficult to see, such as due to the curvature of the roadway
or temporary obstacles such as trucks and other large
vehicles. In this case, an audible cue may be presented to aid
the driver when the camera feedback loop analysis suggests
that the driver may have trouble with the directions.

One way to aid the driver with verbose clues involves first
understanding what types of landmarks are present in the
environment. For instance, this can involve analysis of
publicly available street-level imagery (e.g., Google Street
View panoramas and other publicly available imagery).
Image content analysis systems can detect a large variety of
urban features and various properties of such features
(shape, color, size), as well as combinations ol semantic
features (e.g., “a mural on the north-facing wall of a tall
tower block™).

For instance, the system may obtain image information
for particular locations along the planned route from a
remote server or other vehicles. The amount of information
obtained can depend on the robustness of the wireless
communication link. Or, alternatively, the driver’s (or pas-
senger’s) personal device may download imagery before
starting the trip. Content updates may be provided as
needed, or as available, during the trip. Other information,
such as weather, traflic and emergency notifications can also
be obtained from external sources, including from other
vehicles.

All of this information can be analyzed and/or combined
as factors for the system to use when deciding whether or
how to provide verbose, enhanced direction information.

FIGS. 4A-B illustrate one scenario 400, in which typical
direction information may be obscured or otherwise hard to
detect. For mstance, as shown in FIG. 4A, the dniver may be
driving a vehicle 100 along the road and following pre-
generated directions. However, the Main Street street sign
402 may be obscured by building 404. And business sign
“Joe’s Barber Shop” 406 may be hard to see due to snow,
rain or a low-light condition. However, there i1s another
landmark associated with the barber shop or otherwise
located nearby, which 1s barbershop pole 408 on building
404.

As shown 1n the top-down view of FIG. 4B, the in-vehicle
imaging device 200 may have a field of view 410. The field
of view 410 may be similar to the driver’s viewpoint of the
roadway. Here, by image comparison, machine learming
and/or any of the other approaches discussed herein the
system can determine from the acquired real-time 1mages of
the 1maging device that the street sign 1s obscured and the
conditions may be too degraded for the driver to see the
business sign. However, the images captured by the imaging,
device 200 may readily identify the barbershop pole 408,
which may be on or off. This additional landmark may be
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determined by the system to provide a more visible point of
interest. As a result, the driving directions may be modified

or an additional cue may be visually or audibly presented to
the driver, e.g., to park near the barbershop pole (see FIG.
1B). Such verbose augmentation may be performed by the
imaging device 200, the vehicle’s computing devices 102
and/or navigation system 120, or by remote server 302 (or
a combination thereof).

FIGS. 5A-C illustrate another scenario in which the
driver’s field of view may be limited or obscured. For
instance, FIG. 5A 1illustrates a field of view range 500. This
figure shows that, under good conditions, the driver may
have an unobscured field of view 502 towards the front of
the vehicle of 200 feet or meters, or more. As shown 1n
driving scenario 510 of FIG. 5B, while drniving down the
roadway, there may be an object such as a stop sign 512
located adjacent to an intersection. There may also be a
puddle or patch of ice 514 along a portion of the roadway in
tront of the vehicle. However, there may also be a large truck
516 in the next lane. And as shown by the top-down view
520 of FIG. 5C, the sign and at least a portion of the puddle
or 1ce patch may be obscured from the driver’s field of view
by the truck. The puddle or ice patch may also be obscured
by heavy rain, snow, etc. Nonetheless, using the techniques
discussed herein, the imagery obtained from the on-board
imaging device can be employed to i1dentity whether vis-
ibility has been reduced or an expected object (e.g., the stop
sign) 1s not 1n the driver’s field of view. Based on this, the
system may provide enhanced or alternative directions or
other instructions, such as performing a particular driving
action. This may mvolve changing lanes or otherwise alter-
ing the route. Examples of specific driving actions include
slowing down, turning, stopping or parking. It may also
involve visually, audibly or haptically providing information
about other landmarks to help the drniver proceed to the
desired destination.

EXAMPLE METHOD

FIG. 6 1illustrates an example 600 of a method for modi-
tying driving directions. For instance, as shown in block
602, initial directions are obtained for a driving route for a
driver of a vehicle. The directions are used for routing the
vehicle from a starting point to a destination. At block 604,
previously captured imagery 1s obtaimned of one or more
locations along the route. This may come from, e.g., an
imagery database of a remote system, another vehicle, or
images previously obtained by the current vehicle or by an
imaging device being used with the vehicle. At block 606,
the process 1dentifies a first landmark located 1n the previ-
ously captured imagery. The processes of blocks 602, 604
and 606 may be performed in a different order or in parallel.
Any or all of them may be done prior to driving of the
vehicle by the driver, or while the vehicle 1s 1n route to the
destination.

At block 608, real-time 1magery obtained by a camera
located 1n the vehicle 1s received. It may be received by one
or more processors of the camera, of the vehicle, and/or of
a remote system such as server system 302. At block 610, at
least one 1image from the real-time 1magery 1s compared
against at least one mmage from the previously captured
imagery to determine whether the first landmark would be
observable by the driver of the vehicle. For example, the
images may be compared to assess relative properties asso-
ciated with the observability of the first landmark, such as
assessing the relative brightnesses of the images and/or other
image characteristics. Image characteristics may 1include
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semantic content such as objects 1dentified from the 1image
or current conditions 1n the external environment. This 1s
desirably done 1n real time while the vehicle 1s being driven.
Then, at block 612, upon a determination that the first
landmark would not be observable by the driver of the
vehicle, the 1nitial directions for the driving route are modi-
fied to indicate at least one other landmark difierent than the
first landmark. In this way, robust information 1s able to be
provided to the driver 1n order to effectively assist the driver
in maneuvering the vehicle to the destination.

FIG. 7 1illustrates an example 700 of a method for pro-
viding updated or augmented direction information to the
driver of a vehicle. In block 702, the process receives
real-time 1magery obtained by a camera located 1n a vehicle.
The real-time imagery 1s obtained during driving of the
vehicle by the driver. At block 704, at least one 1mage from
the real-time i1magery 1s analyzed to determine a current
condition 1 an external environment around the vehicle.
This analysis may be done, for example, by one or more
processors of the camera, of the vehicle, and/or of a remote
server system such as server system 302. Current conditions
may 1nclude but are not limited to weather conditions and/or
the time of day. At block 706, the system determines, based

on the analysis, that the current condition 1s expected to
obscure a selected landmark in the external environment
from viewing by the driver. For example, each landmark
may be associated with conditions under which the land-
mark 1s considered to be obscured (e.g. an unlit street sign
may be considered obscured at night). In order to avoid such
a problematic situation, at block 708 it 1s explained that upon
determining that the current condition 1s expected to obscure
the selected landmark in the external environment from
viewing by the driver, the system identifies a diflerent
landmark that 1s observable by the camera located 1n the
vehicle. The different landmark may be currently observable
in real-time, or may be observable in the near future, e.g., 1n
the next 5-10 seconds or no more than a minute, within 1-3
blocks, etc. Based on this information, at block 710 a visual,
audible and/or haptic indication of the different landmark 1s
provided to the dniver.

Unless otherwise stated, the {foregoing alternative
examples are not mutually exclusive, but may be imple-
mented 1n various combinations to achieve unique advan-
tages. 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 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 1llustrate only
one of many possible embodiments. Further, the same
reference numbers in different drawings can identify the
same or similar elements. The processes or other operations
may be performed in a different order or simultaneously,
unless expressly indicated otherwise herein.

As noted above, one beneficial area of the technology 1s
for inclement weather. By way of example, the system may
provide targeted lane guidance, such as when snow covers or
closes one lane of traflic. Here, the directions may be
changed to i1dentity a different exit or turn-ofl point. The
system 1s also suitable for other less-than-optimal condi-
tions. For instance, a particular street sign may not be visible

at night on an unlit residential street.
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Other benefits may mnvolve the ability to provide verbose
modified instructions for factors other than those involving
external environmental conditions. For instance, as noted
above, the system may evaluate how closely the driver 1s
able to follow the driving instructions. In view of this,
alternative factors may include the complexity of the direc-
tions, numerous turns close together in time or in distance,
etc. Any or all of this information may be used to provide
updated or augmented instructions or cues to the driver in
real time, 1n order to increase the likelihood that he or she
will be able to eflectively follow the driving directions to the
desired destination.
The technology 1s also vehicle form-factor agnostic. Simi-
lar approaches can be applied to passenger vehicles, buses,
motorcycles, light and heavy trucks, construction equip-
ment, €tc.
The mvention claimed 1s:
1. A method comprising:
obtaining 1nitial directions for a driving route for a driver
of a vehicle, the directions for use 1n routing the vehicle
from a starting point to a destination, the initial direc-
tions 1ncluding an indication of a first landmark;

obtaining previously captured imagery of one or more
locations along the route;

identifying the first landmark located in the previously

captured 1magery;

receiving, by one or more processors of a computer

device, real-time 1magery obtained by a camera located
in the vehicle;

recerving, by the one or more processors, real-time non-

verbal audio input obtained by a microphone located in
the vehicle:
comparing, by the one or more processors in real-time at
the time the real-time 1magery was received, at least
one 1mage from the real-time 1magery against at least
one 1mage from the previously captured imagery to
determine whether the first landmark would be observ-
able by the driver of the vehicle;
determining, by the one or more processors, 1n real-time,
based on the comparing and the received real-time
non-verbal audio input, that the first landmark would be
obscured from a viewpoint of the driver of the vehicle;

identifying, by the one or more processors in response to
determining that the first landmark would be obscured,
at least one second landmark from the real-time 1mag-
ery, the at least one second landmark being different
than the first landmark and observable from the view-
point of the driver of the vehicle;

moditying, by the one or more processors in real-time,

prior to providing the indication of the first landmark in
the mitial directions as output to the driver, the nitial
directions for the driving route to replace the indication
of the first landmark with an indication of the at least
one second landmark;

analyzing, by the one or more processors, aggregated

driver information to determine whether the driver 1s
likely to correctly follow the modified driving direc-
tions; and

selecting additional verbal or audible cues to provide for

output with the modified dnving directions based on
whether the dniver 1s likely to correctly follow the
modified driving directions.

2. The method of claim 1, wherein determiming whether
the first landmark 1s obscured includes determiming that
visibility of the first landmark 1s adversely impacted by a
weather condition, a low light condition, another vehicle, a
building or vegetation.
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3. The method of claim 1, wherein the modified directions
indicate to the driver to take a specific driving action when
the at least one second landmark 1s visible to the driver.
4. The method of claim 3, wherein the specific driving,
action 1s selected from a group consisting of slowing down,
turning, stopping or parking.
5. The method of claim 1, wherein moditying the nitial
directions includes at least one of updating a graphical
display within the vehicle or playing audible instructions
within the vehicle.
6. The method of claim 1, wherein the camera located 1n
the vehicle has a field of view, and comparing the at least one
image from the real-time imagery against the at least one
image from the previously captured 1mage includes evalu-
ating the camera’s field of view against an expected field of
view of the driver.
7. The method of claim 1, wherein moditying the nitial
directions further includes augmenting or replacing the
initial directions with at least one visual clue based on one
or more objects along the driving route visible to the camera.
8. A method comprising:
receiving, by one or more processors of a computer
device, real-time 1imagery obtained by a camera located
in a vehicle during driving of the vehicle by a driver;

receiving, by the one or more processors, real-time non-
verbal audio 1nput obtained by a microphone located 1n
the vehicle during driving;
analyzing, by the one or more processors in real-time, at
least one 1mage from the real-time imagery and the
real-time non-verbal audio mput to determine a current
condition 1n an external environment around the
vehicle;
determining, by the one or more processors 1n real-time
alter the analysis and based on the real-time 1magery
and the real-time non-verbal audio input, that the
current condition 1s expected to at least partially
obscure a selected landmark in the external environ-
ment from viewing by the driver;
upon determining that the current condition 1s expected to
at least partially obscure the selected landmark 1n the
external environment from viewing by the driver, iden-
tifying, by the one or more processors in real-time
based on the real-time 1magery, a different landmark
that 1s currently observable by the camera located 1n the
vehicle, the i1dentifying comprising selecting the dif-
ferent landmark from the real-time 1magery;

determining, by the one or more processors, a likelithood
that the driver will correctly follow navigation nstruc-
tions based on the current condition; and

providing a visual, audible or haptic indication of the

different landmark to the driver, wherein the wvisual,
audible, or haptic indication 1s augmented with addi-
tional cues when it 1s determined that the driver 1s not
likely to correctly follow the navigation instructions.

9. The method of claim 8, further comprising prior to the
providing, modifying an imitial set of directions for driving
to a destination with the indication of the different landmark.

10. The method of claim 9, wherein the modified 1nitial
directions indicate to the driver to take a specific driving
action when the diflerent landmark 1s visible to the driver.

11. The method of claim 10, wherein the specific driving
action 1s selected from a group consisting of slowing down,
turning, stopping or parking.

12. The method of claim 8, wherein determining that the
current condition 1s expected to at least partially obscure the
selected landmark 1n the external environment from viewing
by the driver includes determining that visibility of the
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selected landmark 1s adversely impacted by a weather con-
dition, a low light condition, another vehicle, a building or
vegetation.

13. The method of claim 8, wherein analyzing the at least
one 1mage from the real-time imagery to determine the
current condition in the external environment around the
vehicle comprises applying a machine learning model to the
real-time 1magery 1in order to detect an obstruction or other
visibility impairment 1n the external environment.

14. A system comprising:
memory configured to store at least one of 1nstructions or

data; and

one or more processors operatively coupled to the
memory, the one or more processors being configured
to:
obtain 1nitial directions for a driving route for a driver
of a vehicle, the directions for use in routing the
vehicle from a starting point to a destination, the
imitial directions including an indication of a first
landmark;
obtain previously captured imagery of one or more
locations along the route;
identify the first landmark located in the previously
captured 1magery;
receive real-time 1magery obtained by a camera located
in the vehicle;
receive real-time non-verbal audio 1input obtained by a
microphone located in the vehicle;
compare, 1n real-time at the time the real-time 1magery
was received, at least one 1image from the real-time
imagery against at least one 1mage from the previ-
ously captured imagery to determine whether the
first landmark would be observable by the driver of
the vehicle;
determine, 1n real-time based on the comparing and the
received real-time non-verbal audio input, that the first
landmark would be obscured from a viewpoint of the
driver of the vehicle;
identily, 1n response to determining that the first land-
mark would be obscured, at least one second land-
mark from the real-time imagery, the at least one
second landmark being different than the first land-
mark and observable from the viewpoint of the
driver of the vehicle;
modily, 1in real-time prior to providing the indication of
the first landmark 1n the mitial directions as output to
the driver, the 1nitial directions for the driving route
to replace the indication of the first landmark with an
indication of the at least one second landmark;
analyze aggregated driver information to determine
whether the drniver 1s likely to correctly follow the
modified driving directions; and
select additional verbal or audible cues to provide for
output with the modified driving directions based on
whether the driver 1s likely to correctly follow the
modified driving directions.
15. The system of claim 14, further comprising the
camera.
16. The system of claim 14, wherein the camera 1s part of
a personal communication device.

17. A system comprising;:

memory configured to store at least one of 1nstructions or
data; and

one or more processors operatively coupled to the
memory, the one or more processors being configured
to:
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receive real-time 1magery obtained by a camera located
in a vehicle during driving of the vehicle by a driver;
receive real-time non-verbal audio 1nput obtained by a
microphone located in the vehicle during driving
analyze, 1n real-time, at least one i1mage from the
real-time 1imagery and the real-time non-verbal audio
input to determine a current condition 1n an external
environment around the vehicle;
determine, 1n real-time after the analysis and based on
the real-time 1magery and the real-time non-verbal
audio mput, that the current condition 1s expected to
at least partially obscure a selected landmark 1n the
external environment from viewing by the driver;
upon determining that the current condition 1s expected to
at least partially obscure the selected landmark 1n the
external environment from viewing by the driver, 1den-
tify, in real-time based on the real-time imagery, a
different landmark that 1s currently observable by the

camera located 1n the vehicle, the identifying compris-
ing selecting the different landmark from the real-time

1magery;
determine a likelihood that the driver will correctly follow
navigation instructions based on the current condition;

and

provide a visual, audible or haptic indication of the
different landmark to the driver, wherein the visual,
audible, or haptic indication 1s augmented with addi-
tional cues when 1t 1s determined that the driver 1s not
likely to correctly follow the navigation instructions.
18. The system of claim 17, wherein the analysis of the at
least one 1image from the real-time 1imagery to determine the
current condition 1 an external environment around the
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vehicle 1s performed by the one or more processors accord-
ing to a machine learning process.

19. The method of claim 1, further comprising selecting
additional visual or audible clues indicating the at least one
second landmark based on deviations of the driver from
previous route instructions.

20. The method of claim 1, further comprising selecting,
additional visual or audible clues indicating the at least one
second landmark based on aggregated deviations of a plu-
rality of drivers from previous route instructions including
the at least one second landmark.

21. The method of claim 8, wherein determining the
likelihood that the driver will correctly follow navigation
istructions based on the current condition comprises:

analyzing the driver’s deviations from prior instructions;

and

analyzing other driver’s dewviations from prior instruc-

tions.

22. The method of claim 1, further comprising:

determining, by the one or more processors based on at

least one of the real-time imagery or the real-time
non-verbal audio input, whether a field of view of the
driver 1s obscured; and
when the field of view 1s obscured, providing, by the one
Or more processors, instructions,

wherein the instructions include at least one of enhanced
directions, alternative directions, or a driving action,
and

wherein when the instructions include the driving action,

the driving action includes at least one of a lane change,
slowing down, speeding up, turning, stopping, or park-
ing.
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