
(

(51) International Patent Classification: (72) Inventors: MORTAZAVI, Ali; c/o Nissan Technical Cen¬
G01S 13/93 (2006.01) G01S 17/89 (2006.01) ter North America, 39001 Sunrise Drive, Farmington Frills,
B60W 30/00 (2006.01) G05D 1/02 (2006.01) Michigan 4833 1 (US). KOBASHI, Atsuhide; c/o Nis¬
G01C 21/28 (2006.01) G08G 1/09 (2006.01) san Technical Center North America, 39001 Sunrise Dri¬

(21) International Application Number:
ve, Farmington Frills, Michigan 4833 1 (US). PEDERSEN,

PCT/US20 17/068221
Liam; c/o Nissan Technical Center North America, 39001
Sunrise Drive, Farmington Frills, Michigan 4833 1 (US).

(22) International Filing Date: (74) Agent: NESTI, Francine B. et al.; 3001 West Big Beaver
22 December 2017 (22. 12.2017)

Road, Suite 624, Troy, Michigan 48084 (US).
(25) Filing Language: English

(81) Designated States (unless otherwise indicated, for every
(26) Publication Language: English kind of national protection av ailable) . AE, AG, AL, AM,

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
(71) Applicant: NISSAN NORTH AMERICA, INC. CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,

[US/US]; One Nissan Way, Franklin, Tennessee 37067 DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
(US). HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,

KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,

(54) Title: SOLUTION PATH OVERLAY INTERFACES FOR AUTONOMOUS VEHICLES

FIG. 10

(57) Abstract: Methods and systems for controlling a vehicle are herein disclosed. A method includes receiving vehicle data and
external data from a vehicle control system of a vehicle and generating an environment representation of an area of the transportation
network proximate to the vehicle location. The method includes displaying the environment representation in a GUI and receiving a
solution path via the graphical user interface, the solution path indicating a route and one or more stop points. The method includes
transmitting the route to the vehicle including a respective geolocation of each of the one or more stop points. The vehicle receives
the route and begins traversing the transportation network based on the solution path. The method includes receiving updated vehicle
data and/or updated external data from the vehicle and updating the environment representation based thereon. The method includes
displaying, the updated environment representation via the graphical user interface.

[Continued on next page]





SOLUTION PATHOVERLAYINTERFACES FOR AUTONOMOUS VEHICLES

TECHNICAL FIELD

[0001] This application relates generally to autonomous vehicles, and more particularly

to solution path overlay interfaces for autonomous vehicle operation.

BACKGROUND

[0002] The use of autonomous vehicles has not eliminated the occurrence of situations

(e.g., construction zones) that can delay or obstruct transit of the vehicles. Resolution of such

situations can be expedited through the use of human vehicle operators, who can guide the

vehicle from a remote computing station using their understanding of the environment in

which the vehicle is operating. This understanding depends on information about the

environment, which can be conveyed to the human operator in a variety of ways including

verbal descriptions (e.g., a phone call from a stranded driver seeking assistance), or positional

information (e.g., geographic coordinates to determine vehicle location). However, such

information does not provide an adequate representation of the many factors that could have

an impact on the efficient and safe operation of the vehicle.

SUMMARY

[0003] Disclosed herein are aspects, features, elements, implementations, and

implementations for generation of solution path overlay interfaces.

[0004] According to some implementations of the present disclosure, a method is

disclosed. The method includes receiving, by a solution path overlay system and via a

communication network, vehicle data and external data from a vehicle control system of a

vehicle traversing a transportation network. The vehicle data is associated with the vehicle

and includes a vehicle location of the vehicle and a vehicle direction of the vehicle, and the

external data includes respective locations of one or more external objects that area proximate

to the vehicle. The method includes generating, by the solution path overlay system, an

environment representation of an area of the transportation network proximate to the vehicle

location based on the vehicle data and the external data. The environment representation

represents the area proximate to the vehicle and includes a vehicle representation of the

vehicle defined in correspondence to the vehicle location of the vehicle with respect to the



area proximate to the vehicle and one or more object representations of the one or more

external objects defined in correspondence to a respective location of each of the one or more

external objects. The method further includes displaying, by the solution path overlay system,

the environment representation in a graphical user interface and receiving, by the solution

path overlay system, a solution path via the graphical user interface. The solution path

indicates a route for the vehicle along the transportation network. The solution path includes

one or more stop points over which the vehicle is to traverse. The method further includes

transmitting, by the solution path overlay system, the route indicated by the solution path to

the vehicle including a respective geolocation of each of the one or more stop points. The

vehicle receives the route and begins traversing the transportation network based on the

solution path. The method further includes receiving, by the solution path overlay system,

updated vehicle data and/or updated external data from the vehicle as the vehicle traverses the

transportation network along the route defined by the solution path. The method further

includes updating, by the solution path overlay system, the environment representation based

on the updated vehicle data and/or the updated external data to obtain an updated

environment representation. The method includes displaying, by the solution path overlay

system, the updated environment representation via the graphical user interface.

[0005] According to some implementations of the disclosure, the method further includes

receiving, by the solution path overlay system, an updated solution path via the graphical user

interface in response to the updated environment representation, the updated solution path

indicating an updated route, wherein the updated route includes one or more new stop points.

In these implementations, the method may include transmitting, by the solution path overlay

system, the updated route to the vehicle, the updated route including one or more new

geolocations of the new stop points.

[0006] According to some implementations of the disclosure, receiving the solution path

includes receiving a partial solution path, wherein the partial solution path includes only one

stop point and defines a partial route. According to some implementations, receiving the

updated vehicle data and/or the updated external data occurs in response to the vehicle

reaching a first geolocation that corresponds to the one stop point in the partial solution path,

and receiving the updated solution path includes receiving a second partial solution path

including a next stop point. In some implementations, the method further includes

concatenating, by the solution path overlay system, the updated solution path to the solution

path.



[0007] According to some implementations of the disclosure the updated solution path

replaces the solution path. In some of these implementations, receiving the updated vehicle

data and/or the updated external data occurs as the vehicle is traversing the transportation

network towards a geolocation of a stop point.

[0008] According to some implementations of the present disclosure, the method further

includes displaying, by the solution path overlay system, a solution path overlay

corresponding to the solution path, wherein the solution path overlay corresponds to a width

of the vehicle.

[0009] According to some implementations of the present disclosure, the method further

includes receiving, by the solution path overlay system, a request for a solution path from the

vehicle, wherein the request for the solution path is received from the vehicle in response to

the vehicle reaching an unknown scenario.

[0010] According to some implementations of the present disclosure, the method further

includes generating the environment representation includes: retrieving transportation

network data corresponding to the vehicle location from a storage device of the solution path

overlay system, wherein the transportation network data defines characteristics of the

transportation network; and generating the environment representation based on the

transportation network data.

[0011] According to some implementations of the present disclosure, a solution path

overlay system is disclosed. The solution path overlay system may include a storage device, a

communication unit that communicates with a communication network, a display device, and

one or more processors that execute computer-executable instructions. The computer-

executable instructions cause the one or more processors to receive, via the communication

network, vehicle data and external data from a vehicle traversing a transportation network.

The vehicle data is associated with the vehicle and includes a vehicle location and a vehicle

direction, and the external data includes respective locations of one or more external objects

that area proximate to the vehicle. The instructions further cause the one or more processors

to generate an environment representation of an area of the transportation network proximate

to the vehicle location based on the vehicle data and the external data. The environment

representation represents the area proximate to the vehicle and includes a vehicle

representation of the vehicle defined in correspondence to the vehicle location with respect to

the area proximate to the vehicle and one or more object representations of the one or more

external objects defined in correspondence to a respective location of each of the one or more

external objects. The instructions further cause the one or more processors to display the



environment representation in a graphical user interface via the display device. The

instructions further cause the one or more processors to receive a solution path via the

graphical user interface, the solution path indicating a route for the vehicle along the

transportation network. The solution path includes one or more stop points over which the

vehicle is to traverse. The instructions further cause the one or more processors to transmit

the route indicated by the solution path to the vehicle including a respective geolocation of

each of the one or more stop points, wherein the vehicle receives the route and begins

traversing the transportation network based on the solution path. The instructions further

cause the one or more processors to receive updated vehicle data and/or updated external data

from the vehicle as the vehicle traverses the transportation network along the route defined by

the solution path. The instructions further cause the one or more processors to update the

environment representation based on the updated vehicle data and/or the updated external

data to obtain an updated environment representation. The instructions further cause the one

or more processors to display the updated environment representation in the graphical user

interface via the display device.

[0012] According to some implementations of the present disclosure, the instructions

further cause the one or more processors to receive an updated solution path via the graphical

user interface in response to the updated environment representation and transmit the updated

route to the vehicle. The updated solution path indicates an updated route. The updated route

includes one or more new stop points. The updated route including one or more new

geolocations of the new stop points.

[0013] According to some implementations of the disclosure, receiving the solution path

includes receiving a partial solution path, wherein the partial solution path includes only one

stop point and defines a partial route. According to some implementations, receiving the

updated vehicle data and/or the updated external data occurs in response to the vehicle

reaching a first geolocation that corresponds to the one stop point in the partial solution path,

and receiving the updated solution path includes receiving a second partial solution path

including a next stop point. In some implementations, the instructions further cause the

processors to concatenate the updated solution path to the solution path.

[0014] According to some implementations of the disclosure, the updated solution path

replaces the solution path. In some of these implementations, receiving the updated vehicle

data and/or the updated external data occurs as the vehicle is traversing the transportation

network towards a geolocation of a stop point.



[0015] According to some implementations of the disclosure the computer-executable

instructions further cause the one or more processors to display a solution path overlay

corresponding to the solution path, wherein the solution path overlay corresponds to a width

of the vehicle.

[0016] According to some implementations of the disclosure the computer-executable

instructions further cause the one or more processors to receive a request for a solution path

from the vehicle, wherein the request for the solution path is received from the vehicle in

response to the vehicle reaching an unknown scenario.

[0017] According to some implementations of the disclosure the storage device stores

transportation network data that defines characteristics of the transportation network. In these

implementations, generating the environment representation includes retrieving transportation

network data corresponding to the vehicle location from the storage device, and generating

the environment representation based on the transportation network data.

[0018] These and other aspects of the present disclosure are disclosed in the following

detailed description of the embodiments, the appended claims and the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The disclosed technology is best understood from the following detailed

description when read in conjunction with the accompanying drawings. It is emphasized that,

according to common practice, the various features of the drawings are not to-scale. On the

contrary, the dimensions of the various features are arbitrarily expanded or reduced for

clarity.

[0020] FIG. l is a diagram of an example of a portion of a vehicle in which the aspects,

features, and elements disclosed herein may be implemented.

[0021] FIG. 2 is a diagram of an example of a portion of a vehicle transportation and

communication system in which the aspects, features, and elements disclosed herein may be

implemented.

[0022] FIG. 3 is a diagram illustrating an example of a solution path overlay interface in

accordance with the present disclosure.

[0023] FIG. 4 is a diagram illustrating an example of a solution path overlay interface in

accordance with the present disclosure.

[0024] FIG. 5 is a flow chart of a technique for generating a solution path overlay

interface in accordance with the present disclosure.



[0025] FIG. 6 is a flow chart of a technique for generating a solution path overlay

interface in accordance with the present disclosure.

[0026] FIG. 7 is a flow chart of a technique for generating a solution path overlay

interface in accordance with the present disclosure.

[0027] FIG. 8 is a flow chart of a method for generating a solution path overlay interface

in accordance with the present disclosure.

[0028] FIG. 9 is a diagram illustrating a vehicle control system of an autonomous vehicle

in accordance with the present disclosure.

[0029] FIG. 10 is a diagram illustrating a solution path overlay system in accordance with

the present disclosure.

[0030] FIGS. 11A-l 1B are diagrams illustrating an example of a solution path overlay

interface in accordance with some implementations of the present disclosure.

[0031] FIG. 12 is a flow chart of a method for controlling a vehicle via a controller

apparatus that is remote from a vehicle.

[0032] FIGS. 13A-1 1C are diagrams illustrating an example of a solution path overlay

interface in accordance with some implementations of the present disclosure.

[0033] FIG. 14 is a flow chart of a method for controlling a vehicle via a controller

apparatus that is remote from a vehicle.

DETAILED DESCRIPTION

[0034] The way in which vehicles (e.g., autonomous vehicles, human driven vehicles,

and semi-autonomous vehicles) and their surrounding environment is represented can impact

the effectiveness with which the vehicle is operated, such as by human drivers within the

vehicles, by human remote operators, or even by non-human remote operators. An easily

understood representation of the vehicle and its surrounding environment can enhance the

effectiveness of assistance that is provided, especially when the vehicle is obstructed or

delayed by external objects (e.g., construction zones, stalled vehicles, fallen trees, etc.).

[0035] The present disclosure and disclosed technology provides a way to address the

problem of ineffective representation of vehicles and external objects by generating a solution

path overlay interface to assist a remote operator of the vehicle. As used herein, an operator

of the vehicle may refer to a human that interfaces with a computing device that is remote

from the vehicle to provide a solution path to the vehicle. By providing indications of a

solution path for a vehicle through an environment, such as an environment with challenging

road conditions including but not limited to road detours, a local or remote human or non-



human operator is presented with useful information to assist in the efficient operation (such

as the tele-operation) of the vehicle.

[0036] The disclosed technology facilitates safe navigation of the vehicle through the

environment by identifying external objects and distinguishing between immovable objects

(e.g., buildings), and moveable objects (e.g., pedestrians, vehicles). The disclosed technology

allows a remote operator to define a solution path, such that the vehicle may receive the

solution path to navigate an unknown scenario. Further, the disclosed technology can

determine regulated traffic flow patterns (e.g., the flow of traffic in accordance with traffic

regulations and current conditions) which can be used in the determination of solution paths

in environments in which roadways with regulated traffic flow are limited or unavailable

(e.g., construction zones that temporarily reroute traffic flow into opposite direction lanes

against regulated traffic flow patterns). In this way, the situational awareness of remote

operators can be improved through usage of the solution path overlay interface, thereby

resulting in more efficient and safe vehicle operation.

[0037] As used herein, the terminology “brake” or “decelerate” may be used

interchangeably. As used herein, the terminology “computer” or “computing device” includes

any unit, or combination of units, capable of performing any method, or any portion or

portions thereof, disclosed herein.

[0038] As used herein, the terminology “processor” indicates one or more processors,

such as one or more special purpose processors, one or more digital signal processors, one or

more microprocessors, one or more controllers, one or more microcontrollers, one or more

application processors, one or more Application Specific Integrated Circuits, one or more

Application Specific Standard Products; one or more Field Programmable Gate Arrays, any

other type or combination of integrated circuits, one or more state machines, or any

combination thereof.

[0039] As used herein, the terminology “memory” indicates any computer-usable or

computer-readable medium or device that can tangibly contain, store, communicate, or

transport any signal or information that may be used by or in connection with any processor.

For example, a memory may be one or more read only memories (ROM), one or more

random access memories (RAM), one or more registers, low power double data rate

(LPDDR) memories, one or more cache memories, one or more semiconductor memory

devices, one or more magnetic media, one or more optical media, one or more magneto

optical media, or any combination thereof.



[0040] As used herein, the terminology “instructions” may include directions or

expressions for performing any method, or any portion or portions thereof, disclosed herein,

and may be realized in hardware, software, or any combination thereof. For example,

instructions may be implemented as information, such as a computer program, stored in

memory that may be executed by a processor to perform any of the respective methods,

algorithms, aspects, or combinations thereof, as described herein. In some implementations,

instructions, or a portion thereof, may be implemented as a special purpose processor, or

circuitry, that may include specialized hardware for carrying out any of the methods,

algorithms, aspects, or combinations thereof, as described herein. In some implementations,

portions of the instructions may be distributed across multiple processors on a single device,

on multiple devices, which may communicate directly or across a network such as a local

area network, a wide area network, the Internet, or a combination thereof.

[0041] As used herein, the terminology “example,” “embodiment,” “implementation,”

“aspect,” “feature,” or “element” indicate serving as an example, instance, or illustration.

Unless expressly indicated, any example, embodiment, implementation, aspect, feature, or

element is independent of each other example, embodiment, implementation, aspect, feature,

or element and may be used in combination with any other example, embodiment,

implementation, aspect, feature, or element.

[0042] As used herein, the terminology “determine” and “identify,” or any variations

thereof, includes selecting, ascertaining, computing, looking up, receiving, determining,

establishing, obtaining, or otherwise identifying or determining in any manner whatsoever

using one or more of the devices shown and described herein.

[0043] As used herein, the terminology “or” is intended to mean an inclusive “or” rather

than an exclusive “or.” That is, unless specified otherwise, or clear from context, “X includes

A or B” is intended to indicate any of the natural inclusive permutations. If X includes A; X

includes B; or X includes both A and B, then “X includes A or B” is satisfied under any of

the foregoing instances. In addition, the articles “a” and “an” as used in this application and

the appended claims should generally be construed to mean “one or more” unless specified

otherwise or clear from context to be directed to a singular form.

[0044] Further, for simplicity of explanation, although the figures and descriptions herein

may include sequences or series of steps or stages, elements of the methods disclosed herein

may occur in various orders or concurrently. Additionally, elements of the methods disclosed

herein may occur with other elements not explicitly presented and described herein.

Furthermore, not all elements of the methods described herein may be required to implement



a method in accordance with this disclosure. Although aspects, features, and elements are

described herein in particular combinations, each aspect, feature, or element may be used

independently or in various combinations with or without other aspects, features, and

elements.

[0045] Implementations of this disclosure provide technological improvements particular

to generation of solution path interfaces, for example, those concerning the extension of

computer network components to remotely monitor and tele-operate autonomous vehicles.

The development of new ways to monitor autonomous vehicle network resources to, for

example, identify system or vehicle impairments and indicate requiring management or

attention and communicating instructions or information between the monitoring devices and

the vehicles is fundamentally related to autonomous vehicle related computer networks.

[0046] Implementations of this disclosure provide at least a system, an apparatus, non-

transitory computer readable media, and a method for the generation of a solution path

overlay interface. The system includes receiving vehicle data and external data associated

with a vehicle, for example from a remote data source (e.g., remote vehicle monitoring

server) through a communication system in the vehicle. The vehicle data can relate to the

state of the vehicle, including the vehicle’s location, intended destination, and operational

status. The external data can relate to the state of external objects, including the locations of

the external objects and movement paths of the external objects (e.g., routes that the external

objects have travelled and are predicted to travel). The system determines a path, such as a

solution path, between the location of the vehicle (vehicle location) and the destination of the

vehicle (vehicle destination) that does not intersect with or come in close proximity to the

external objects (e.g., the vehicle avoids physical contact with external objects including

pedestrians and roadside barriers or the vehicle avoids coming within a predetermined area or

proximity with the external objects). Further, the system generates a solution path overlay

interface that displays the solution path to an operator of the vehicle. For example, the system

can generate, as the solution path overlay interface, a graphical representation of the vehicle,

the external objects within a predetermined area of the vehicle, and the determined solution

path from the current vehicle location to a destination.

[0047] To describe some implementations in greater detail, reference is made to the

following figures.

[0048] FIG. 1 is a diagram of an example of a vehicle 1000 in which the aspects, features,

and elements disclosed herein may be implemented. The vehicle 1000 includes a chassis

1100, a powertrain 1200, a controller 1300, wheels 1400/1410/1420/1430, or any other



element or combination of elements of a vehicle. Although the vehicle 1000 is shown as

including four wheels 1400/1410/1420/1430 for simplicity, any other propulsion device or

devices, such as a propeller or tread, may be used. In FIG. 1, the lines interconnecting

elements, such as the powertrain 1200, the controller 1300, and the wheels

1400/1410/1420/1430, indicate that information, such as data or control signals, power, such

as electrical power or torque, or both information and power, may be communicated between

the respective elements. For example, the controller 1300 may receive power from the

powertrain 1200 and communicate with the powertrain 1200, the wheels

1400/1410/1420/1430, or both, to control the vehicle 1000, which can include accelerating,

decelerating, steering, or otherwise controlling the vehicle 1000.

[0049] The powertrain 1200 includes a power source 1210, a transmission 1220, a

steering unit 1230, a vehicle actuator 1240, or any other element or combination of elements

of a powertrain, such as a suspension, a drive shaft, axles, or an exhaust system. Although

shown separately, the wheels 1400/1410/1420/1430 may be included in the powertrain 1200.

[0050] The power source 1210 may be any device or combination of devices operative to

provide energy, such as electrical energy, thermal energy, or kinetic energy. For example, the

power source 1210 includes an engine, such as an internal combustion engine, an electric

motor, or a combination of an internal combustion engine and an electric motor, and is

operative to provide kinetic energy as a motive force to one or more of the wheels

1400/1410/1420/1430. In some embodiments, the power source 1210 includes a potential

energy unit, such as one or more dry cell batteries, such as nickel-cadmium (NiCd), nickel-

zinc (NiZn), nickel metal hydride (NiMH), lithium-ion (Li-ion); solar cells; fuel cells; or any

other device capable of providing energy.

[0051] The transmission 1220 receives energy, such as kinetic energy, from the power

source 1210, and transmits the energy to the wheels 1400/1410/1420/1430 to provide a

motive force. The transmission 1220 may be controlled by the controller 1300, the vehicle

actuator 1240 or both. The steering unit 1230 may be controlled by the controller 1300, the

vehicle actuator 1240, or both and controls the wheels 1400/1410/1420/1430 to steer the

vehicle. The vehicle actuator 1240 may receive signals from the controller 1300 and may

actuate or control the power source 1210, the transmission 1220, the steering unit 1230, or

any combination thereof to operate the vehicle 1000.

[0052] In some embodiments, the controller 1300 includes a location unit 1310, an

electronic communication unit 1320, a processor 1330, a memory 1340, a user interface

1350, a sensor 1360, an electronic communication interface 1370, or any combination



thereof. Although shown as a single unit, any one or more elements of the controller 1300

may be integrated into any number of separate physical units. For example, the user interface

1350 and processor 1330 may be integrated in a first physical unit and the memory 1340 may

be integrated in a second physical unit. Although not shown in FIG. 1, the controller 1300

may include a power source, such as a battery. Although shown as separate elements, the

location unit 1310, the electronic communication unit 1320, the processor 1330, the memory

1340, the user interface 1350, the sensor 1360, the electronic communication interface 1370,

or any combination thereof can be integrated in one or more electronic units, circuits, or

chips.

[0053] In some embodiments, the processor 1330 includes any device or combination of

devices capable of manipulating or processing a signal or other information now-existing or

hereafter developed, including optical processors, quantum processors, molecular processors,

or a combination thereof. For example, the processor 1330 may include one or more special

purpose processors, one or more digital signal processors, one or more microprocessors, one

or more controllers, one or more microcontrollers, one or more integrated circuits, one or

more an Application Specific Integrated Circuits, one or more Field Programmable Gate

Array, one or more programmable logic arrays, one or more programmable logic controllers,

one or more state machines, or any combination thereof. The processor 1330 may be

operatively coupled with the location unit 1310, the memory 1340, the electronic

communication interface 1370, the electronic communication unit 1320, the user interface

1350, the sensor 1360, the powertrain 1200, or any combination thereof. For example, the

processor may be operatively coupled with the memory 1340 via a communication bus 1380.

[0054] In some embodiments, the processor 1330 may be configured to execute

instructions including instructions for remote operation which may be used to operate the

vehicle 1000 from a remote location including the operations center. The instructions for

remote operation may be stored in the vehicle 1000 or received from an external source such

as a traffic management center, or server computing devices, which may include cloud based

server computing devices.

[0055] The memory 1340 may include any tangible non-transitory computer-usable or

computer-readable medium, capable of, for example, containing, storing, communicating, or

transporting machine readable instructions or any information associated therewith, for use

by or in connection with the processor 1330. The memory 1340 is, for example, one or more

solid state drives, one or more memory cards, one or more removable media, one or more

read only memories, one or more random access memories, one or more disks, including a



hard disk, a floppy disk, an optical disk, a magnetic or optical card, or any type of non-

transitory media suitable for storing electronic information, or any combination thereof.

[0056] The electronic communication interface 1370 may be a wireless antenna, as

shown, a wired communication port, an optical communication port, or any other wired or

wireless unit capable of interfacing with a wired or wireless electronic communication

medium 1500.

[0057] The electronic communication unit 1320 may be configured to transmit or receive

signals via the wired or wireless electronic communication medium 1500, such as via the

electronic communication interface 1370. Although not explicitly shown in FIG. 1, the

electronic communication unit 1320 is configured to transmit, receive, or both via any wired

or wireless communication medium, such as radio frequency (RF), ultra violet (UV), visible

light, fiber optic, wire line, or a combination thereof. Although FIG. 1 shows a single one of

the electronic communication unit 1320 and a single one of the electronic communication

interface 1370, any number of communication units and any number of communication

interfaces may be used. In some embodiments, the electronic communication unit 1320 can

include a dedicated short-range communications (DSRC) unit, a wireless safety unit (WSU),

IEEE 802.1 l p (WIFI-P), or a combination thereof.

[0058] The location unit 1310 may determine geolocation information, including but not

limited to longitude, latitude, elevation, direction of travel, or speed, of the vehicle 1000. For

example, the location unit includes a global positioning system (GPS) unit, such as a Wide

Area Augmentation System (WAAS) enabled National Marine -Electronics Association

(NMEA) unit, a radio triangulation unit, or a combination thereof. The location unit 1310 can

be used to obtain information that represents, for example, a current heading of the vehicle

1000, a current position of the vehicle 1000 in two or three dimensions, a current angular

orientation of the vehicle 1000, or a combination thereof.

[0059] The user interface 1350 may include any unit capable of being used as an interface

by a person, including any of a virtual keypad, a physical keypad, a touchpad, a display, a

touchscreen, a speaker, a microphone, a video camera, a sensor, and a printer. The user

interface 1350 may be operatively coupled with the processor 1330, as shown, or with any

other element of the controller 1300. Although shown as a single unit, the user interface 1350

can include one or more physical units. For example, the user interface 1350 includes an

audio interface for performing audio communication with a person, and a touch display for

performing visual and touch based communication with the person.



[0060] The sensor 1360 may include one or more sensors, such as an array of sensors,

which may be operable to provide information that may be used to control the vehicle. The

sensor 1360 can provide information regarding current operating characteristics of the vehicle

or its surrounding. The sensors 1360 include, for example, a speed sensor, acceleration

sensors, a steering angle sensor, traction-related sensors, braking-related sensors, or any

sensor, or combination of sensors, that is operable to report information regarding some

aspect of the current dynamic situation of the vehicle 1000.

[0061] In some embodiments, the sensor 1360 may include sensors that are operable to

obtain information regarding the physical environment surrounding the vehicle 1000. For

example, one or more sensors detect road geometry and obstacles, such as fixed obstacles,

vehicles, cyclists, and pedestrians. In some embodiments, the sensor 1360 can be or include

one or more video cameras, laser-sensing systems, infrared-sensing systems, acoustic-sensing

systems, or any other suitable type of on-vehicle environmental sensing device, or

combination of devices, now known or later developed. In some embodiments, the sensor

1360 and the location unit 1310 are combined.

[0062] Although not shown separately, the vehicle 1000 may include a trajectory

controller. For example, the controller 1300 may include a trajectory controller. The

trajectory controller may be operable to obtain information describing a current state of the

vehicle 1000 and a route planned for the vehicle 1000, and, based on this information, to

determine and optimize a trajectory for the vehicle 1000. In some embodiments, the

trajectory controller outputs signals operable to control the vehicle 1000 such that the vehicle

1000 follows the trajectory that is determined by the trajectory controller. For example, the

output of the trajectory controller can be an optimized trajectory that may be supplied to the

powertrain 1200, the wheels 1400/1410/1420/1430, or both. In some embodiments, the

optimized trajectory can be control inputs such as a set of steering angles, with each steering

angle corresponding to a point in time or a position. In some embodiments, the optimized

trajectory can be one or more paths, lines, curves, or a combination thereof.

[0063] One or more of the wheels 1400/1410/1420/1430 may be a steered wheel, which

is pivoted to a steering angle under control of the steering unit 1230, a propelled wheel,

which is torqued to propel the vehicle 1000 under control of the transmission 1220, or a

steered and propelled wheel that steers and propels the vehicle 1000.

[0064] A vehicle may include units, or elements not shown in FIG. 1, such as an

enclosure, a Bluetooth® module, a frequency modulated (FM) radio unit, a Near Field



Communication (NFC) module, a liquid crystal display (LCD) display unit, an organic light-

emitting diode (OLED) display unit, a speaker, or any combination thereof.

[0065] FIG. 2 is a diagram of an example of a portion of a vehicle transportation and

communication system 2000 in which the aspects, features, and elements disclosed herein

may be implemented. The vehicle transportation and communication system 2000 includes a

vehicle 2100, such as the vehicle 1000 shown in FIG. 1, and one or more external objects,

such as an external object 2 110, which can include any form of transportation, such as the

vehicle 1000 shown in FIG. 1, a pedestrian, cyclist, as well as any form of a structure, such as

a building. The vehicle 2100 may travel via one or more portions of a transportation network

2200, and may communicate with the external object 2 110 via one or more of an electronic

communication network 2300. Although not explicitly shown in FIG. 2, a vehicle may

traverse an area that is not expressly or completely included in a transportation network, such

as an off-road area. In some embodiments, the transportation network 2200 may include one

or more of a vehicle detection sensor 2202, such as an inductive loop sensor, which may be

used to detect the movement of vehicles on the transportation network 2200.

[0066] The electronic communication network 2300 may be a multiple access system that

provides for communication, such as voice communication, data communication, video

communication, messaging communication, or a combination thereof, between the vehicle

2100, the external object 2 110, and an operations center 2400. For example, the vehicle 2100

or the external object 2 110 may receive information, such as information representing the

transportation network 2200, from the operations center 2400 via the electronic

communication network 2300.

[0067] The operations center 2400 includes a controller apparatus 2410 which includes

some or all of the features of the controller 1300 shown in FIG. 1 . The controller apparatus

2410 can monitor and coordinate the movement of vehicles, including autonomous vehicles.

The controller apparatus 2410 may monitor the state or condition of vehicles, such as the

vehicle 2100, and external objects, such as the external object 2 110. The controller apparatus

2410 can receive vehicle data and infrastructure data including any of: vehicle velocity;

vehicle location; vehicle operational state; vehicle destination; vehicle route; vehicle sensor

data; external object velocity; external object location; external object operational state;

external object destination; external object route; and external object sensor data.

[0068] Further, the controller apparatus 2410 can establish remote control over one or

more vehicles, such as the vehicle 2100, or external objects, such as the external object 2 110.

In this way, the controller apparatus 2410 may tele-operate the vehicles or external objects



from a remote location. The controller apparatus 2410 may exchange (send or receive) state

data with vehicles, external objects, or computing devices such as the vehicle 2100, the

external object 2 110, or a server computing device 2500, via a wireless communication link

such as the wireless communication link 2380 or a wired communication link such as the

wired communication link 2390.

[0069] The server computing device 2500 may include one or more server computing

devices which may exchange (send or receive) state signal data with one or more vehicles or

computing devices including the vehicle 2100, the external object 2 110, or the operations

center 2400, via the electronic communication network 2300.

[0070] In some embodiments, the vehicle 2100 or the external object 2 110 communicates

via the wired communication link 2390, a wireless communication link 2310/2320/2370, or a

combination of any number or types of wired or wireless communication links. For example,

as shown, the vehicle 2100 or the external object 2 110 communicates via a terrestrial wireless

communication link 2310, via a non-terrestrial wireless communication link 2320, or via a

combination thereof. In some implementations, a terrestrial wireless communication link

2310 includes an Ethernet link, a serial link, a Bluetooth link, an infrared (IR) link, an

ultraviolet (UV) link, or any link capable of providing for electronic communication.

[0071] A vehicle, such as the vehicle 2100, or an external object, such as the external

object 2 110 may communicate with another vehicle, external object, or the operations center

2400. For example, a host, or subject, vehicle 2100 may receive one or more automated inter

vehicle messages, such as a basic safety message (BSM), from the operations center 2400,

via a direct communication link 2370, or via an electronic communication network 2300. For

example, operations center 2400 may broadcast the message to host vehicles within a defined

broadcast range, such as three hundred meters, or to a defined geographical area. In some

embodiments, the vehicle 2100 receives a message via a third party, such as a signal repeater

(not shown) or another remote vehicle (not shown). In some embodiments, the vehicle 2100

or the external object 2 110 transmits one or more automated inter-vehicle messages

periodically based on a defined interval, such as one hundred milliseconds.

[0072] Automated inter-vehicle messages may include vehicle identification information,

geospatial state information, such as longitude, latitude, or elevation information, geospatial

location accuracy information, kinematic state information, such as vehicle acceleration

information, yaw rate information, speed information, vehicle heading information, braking

system state data, throttle information, steering wheel angle information, or vehicle routing

information, or vehicle operating state information, such as vehicle size information,



headlight state information, turn signal information, wiper state data, transmission

information, or any other information, or combination of information, relevant to the

transmitting vehicle state. For example, transmission state information indicates whether the

transmission of the transmitting vehicle is in a neutral state, a parked state, a forward state, or

a reverse state.

[0073] In some embodiments, the vehicle 2100 communicates with the electronic

communication network 2300 via an access point 2330. The access point 2330, which may

include a computing device, may be configured to communicate with the vehicle 2100, with

the electronic communication network 2300, with the operations center 2400, or with a

combination thereof via wired or wireless communication links 2310/2340. For example, an

access point 2330 is a base station, a base transceiver station (BTS), a Node-B, an enhanced

Node-B (eNode-B), a Home Node-B (HNode-B), a wireless router, a wired router, a hub, a

relay, a switch, or any similar wired or wireless device. Although shown as a single unit, an

access point can include any number of interconnected elements.

[0074] The vehicle 2100 may communicate with the electronic communication network

2300 via a satellite 2350, or other non-terrestrial communication device. The satellite 2350,

which may include a computing device, may be configured to communicate with the vehicle

2100, with the electronic communication network 2300, with the operations center 2400, or

with a combination thereof via one or more communication links 2320/2360. Although

shown as a single unit, a satellite can include any number of interconnected elements.

[0075] The electronic communication network 2300 may be any type of network

configured to provide for voice, data, or any other type of electronic communication. For

example, the electronic communication network 2300 includes a local area network (LAN), a

wide area network (WAN), a virtual private network (VPN), a mobile or cellular telephone

network, the Internet, or any other electronic communication system. The electronic

communication network 2300 may use a communication protocol, such as the transmission

control protocol (TCP), the user datagram protocol (UDP), the internet protocol (IP), the real

time transport protocol (RTP) the Hyper Text Transport Protocol (HTTP), or a combination

thereof. Although shown as a single unit, an electronic communication network can include

any number of interconnected elements.

[0076] In some embodiments, the vehicle 2100 communicates with the operations center

2400 via the electronic communication network 2300, access point 2330, or satellite 2350.

The operations center 2400 may include one or more computing devices, which are able to

exchange (send or receive) data from: vehicles such as the vehicle 2100; external objects



including the external object 2 110; or computing devices such as the server computing device

2500.

[0077] In some embodiments, the vehicle 2100 identifies a portion or condition of the

transportation network 2200. For example, the vehicle 2100 may include one or more on-

vehicle sensors 2102, such as the sensor 1360 shown in FIG. 1, which includes a speed

sensor, a wheel speed sensor, a camera, a gyroscope, an optical sensor, a laser sensor, a radar

sensor, a sonic sensor, or any other sensor or device or combination thereof capable of

determining or identifying a portion or condition of the transportation network 2200.

[0078] The vehicle 2100 may traverse one or more portions of the transportation network

2200 using information communicated via the electronic communication network 2300, such

as information representing the transportation network 2200, information identified by one or

more on-vehicle sensors 2102, or a combination thereof. The external object 2 110 may be

capable of all or some of the communications and actions described above with respect to the

vehicle 2100.

[0079] For simplicity, FIG. 2 shows the vehicle 2100 as the host vehicle, the external

object 2 110, the transportation network 2200, the electronic communication network 2300,

and the operations center 2400. However, any number of vehicles, networks, or computing

devices may be used. In some embodiments, the vehicle transportation and communication

system 2000 includes devices, units, or elements not shown in FIG. 2 . Although the vehicle

2100 or external object 2 110 is shown as a single unit, a vehicle can include any number of

interconnected elements.

[0080] Although the vehicle 2100 is shown communicating with the operations center

2400 via the electronic communication network 2300, the vehicle 2100 (and external object

2 110) may communicate with the operations center 2400 via any number of direct or indirect

communication links. For example, the vehicle 2100 or external object 2 110 may

communicate with the operations center 2400 via a direct communication link, such as a

Bluetooth communication link. Although, for simplicity, FIG. 2 shows one of the

transportation network 2200, and one of the electronic communication network 2300, any

number of networks or communication devices may be used.

[0081] FIG. 3 is a diagram illustrating an example of a solution path overlay interface

3000 in accordance with the present disclosure. The solution path overlay interface 3000 can

be generated based on one or more instructions that are executable on a computing apparatus,

including the controller apparatus 2410 shown in FIG. 2, and which can be stored in a

memory of a computing apparatus, including the controller apparatus 2410. For example, the



solution path overlay interface 3000 can be generated by the controller apparatus 2410, based

on instructions that are interpreted by a client computing device that accesses the controller

apparatus 2410 through a computer network. The client computing device can then generate a

representation of the solution path overlay interface 3000 on a display device.

[0082] In an implementation, the solution path overlay interface 3000 includes an

environment representation 3010, an unpaved surface indicator 3012, a walkway indicator

3014, a roadway portion indicator 3016, a roadway portion indicator 3018, a vehicle indicator

3020 that can represent a vehicle that will follow a solution path, a solution path indicator

3022 (also referred to as a solution path), a solution path overlay indicator 3024 (also referred

to as a solution path overlay), a buffer distance 3026, an external object indicator 3030 which

represents another vehicle in this implementation but could be another external object

including but not limited to a fallen tree, external object indicators 3040/3050/3060 which

represent pedestrians, movement path indicators 3042/3052/3062 which represent movement

paths for the external object indicators 3040/3050/3060 respectively, an external object

indicator 3070 which represents a construction zone, and a lane marker indicator 3080 which

represents lane division markings.

[0083] The environment representation 3010 includes a representation of a plurality of

objects, including the vehicle indicator 3020 and the external object indicators

3040/3050/3060/3070 of a plurality of external objects. The representation of the objects can

be based on data relating to the state or condition (e.g., appearance, direction of movement,

identity) of actual objects within an actual geographical area. For example, the objects can

include vehicles, including the vehicle 2100 shown in FIG. 2 . The objects can be represented

as indicators such as the vehicle indicator 3020, which can be generated as a variety of

images including but not limited to static images, dynamic images, moving images, a real-

time stream of images or video, or any combination thereof. Further the features and

characteristics of objects within the geographical area represented by the environment

representation 3010 can be based on the actual appearance of the objects that can be obtained

or received from remote data sources or sensors (e.g., satellite images, vehicle sensor images,

traffic signal camera images). Moreover, objects can be represented in the environment

representation 3010 as images including indicators or other symbolic representations

including icons, text, pictograms, or any combination thereof.

[0084] The environment representation 3010 can receive input including any of touch

inputs (e.g., touching a touch screen such as a capacitive display), voice inputs (e.g., speaking

into a microphone), and inputs from an input device (e.g., keyboard or stylus). Based on the



input, the environment representation 3010 can modify the way that images within the

environment representation 3010 appear including but not limited to: magnification of some

or all of the images (e.g., increasing the size of a subset of the plurality of external objects or

zooming into the area that is displayed within the environment representation 3010);

shrinking some or all of the objects, including zooming out from the area that is represented;

changing the viewing angle, including changing to an overhead view (e.g., map view).

[0085] The solution path indicator 3022 can include a representation of a solution path

that a vehicle such as the vehicle represented by the vehicle indicator 3020 can travel from a

current location to a destination. For example, the solution path indicator 3022 can include a

path that the vehicle represented by the vehicle indicator 3020 will travel without making

physical contact with the other vehicle represented by the external object indicator 3030 or

any of the other external objects (some shown and others potentially not shown). In another

implementation, the solution path indicator 3022 determines the path based on other

predetermined constraints other than physical contact including but not limited to ensuring

that the vehicle does not come within a certain proximity of the external objects.

[0086] The solution path overlay indicator 3024 can represent the outer edges of a

solution path (such as the solution path indicator 3022) that is based on the width of a vehicle

represented by a vehicle indicator, such as the vehicle indicator 3020, or that is based on

another predetermined distance. The buffer distance 3026 can represent a distance between

the outer edges of the solution path overlay indicator 3024 and a vehicle (e.g., the vehicle

represented by the vehicle indicator 3020) or the buffer distance 3026 can be determined

based on predetermined preferences and operator selections. In some embodiments, the

buffer distance 3026 can be incorporated into the solution path overlay indicator 3024 so that

the width of the solution path overlay indicator 3024 (e.g., the width of the vehicle) is

increased in relation to the size of the buffer distance.

[0087] Different types of surfaces can be represented within the environment

representation 3010 including, but not limited to: unpaved surfaces, including an unpaved

surface represented by the unpaved surface indicator 3012 (e.g., representing a strip of grass

or a dirt portion); and paved surfaces, including paved surfaces represented by the walkway

indicator 3014 (representing a sidewalk), and the roadway portion indicator 3016

(representing a lane of a road). Furthermore, the surfaces can be demarcated by road

indications such as the lane marker indicator 3080 which represents lane division markings.

The lane division markings can help to distinguish the direction of travel in the roadway

portion indicator 3016 from the (opposite) direction of travel in the roadway portion indicator



3018 or the lane division markings can help to distinguish lanes for turning versus lanes for

proceeding.

[0088] Furthermore, the environment representation 3010 can include various indications

(not shown) that relate to states or conditions of the surfaces including but not limited to:

environmental condition indicators (e.g., indications of snow or rain on a roadway); road

condition indicators associated with portions of the geographical area that are broken,

uneven, or have indentations (e.g., potholes); hazard indicators based on surface hazards

including oils or other slippery materials; and loose surface indicators based on loose surfaces

(e.g., loose gravel, sand). In some implementations, the environment representation 3010 can

include representations of signage (e.g., stop signs, yield signs, speed limit signs).

[0089] External object indicators, including the external object indicators

3040/3050/3060/3070, can be used to represent any type of object including, but not limited

to: animate objects, including pedestrians, wildlife, or domestic animals; and inanimate

objects including moveable objects such as vehicles and bicycles, and immovable objects

such as buildings. Indicators, including the external object indicators 3040/3050/3060 that are

moveable can also be associated with path indicators such as the movement path indicators

3042/3052/3062 that correspond to the external object indicators 3040/3050/3060. Path

indicators can indicate a past or predicted course of travel by an external object. For example,

the intersection of two or more path indicators can be used to indicate that two or more

external objects will, if the paths are not changed, come into contact with one another at a

future time or will come into a dangerous close enough distance with one another. The path

indicators can be used to indicate different motion patterns including but not limited to linear

motion (e.g., straight line motion by an object), circular or elliptical motion (e.g., an object

travelling around a circuit), or reciprocal motion (e.g., back and forth movements by an

object).

[0090] The external object indicator 3070 can represent a construction zone, the boundary

of which can be formed by a collection of external objects such as pylons or cones or signage

used to indicate the construction zone. In some embodiments, moveable objects, such as

plastic pylons can be represented in the same manner as immovable objects such as large

concrete pillars. Accordingly, a safe zone can be represented around areas in which

pedestrians are likely to be found. The external object indicator 3070 can also represent other

road issues such as large potholes that require rectification.

[0091] In some implementations, the visual representations in the solution path overlay

interface 3000 can be associated with other sensory outputs including, but not limited to,



audio outputs (e.g., sound output through speakers) and haptic outputs (e.g., vibrations or

other tactile outputs through a haptic output device). For example, an external object, such as

the external object indicator 3030, that is represented as obstructing the path of the vehicle

indicator 3020 can be represented by a picture of a vehicle with a pulsating red color that is

accompanied by an audio tone (e.g., a chime) that sounds in time or alternatively with the

pulsating red color. Accordingly, an operator’s attention may be immediately drawn to the

obstructive object represented by the external object indicator 3030 to enable the vehicle

represented by the vehicle indicator 3020 to be rerouted to avoid potential issues.

[0092] FIG. 4 is a diagram illustrating an example of a solution path overlay interface

4000 in accordance with the present disclosure. The solution path overlay interface 4000

includes three-dimensional representations of a vehicle and external objects. The solution

path overlay interface 4000 can be generated based on one or more instructions that are

executable on a computing apparatus, including the controller apparatus 2410 shown in FIG.

2, and which can be stored in a memory of a computing apparatus, including the controller

apparatus 2410. For example, the solution path overlay interface 4000 can be generated by

the controller apparatus 2410, based on instructions that are interpreted by a client computing

device that accesses the controller apparatus 2410 through a computer network. The client

computing device can then generate a representation of the solution path overlay interface

4000 on a display device.

[0093] The solution path overlay interface 4000 includes an environment representation

4010, a roadway portion indicator 4012, a vehicle indicator 4020 that can represent the

vehicle that will follow a solution path, a solution path indicator 4022 (also referred to as a

solution path), an external object indicator 4030 that can represent another vehicle, an

external object boundary indicator 4032, an external object indicator 4040 that can represent

a pedestrian, an external object indicator 4050 that can represent an obstruction, and an

external object indicator 4060 that can represent a building. In another implementation, the

external object indicators 4030/4040/4050/4060 can be different external objects or

combinations of the aforementioned external objects.

[0094] The environment representation 4010 includes a representation of a vehicle, such

as the vehicle indicator 4020, or external objects within a predetermined area around (e.g.,

based on a predetermined radius from the vehicle) or a predetermined distance of the vehicle

(e.g., based on being at least 10 feet away from the vehicle). The environment representation

4010 can use three-dimensional models of the vehicle and external objects which can be

symbolic (e.g., a cube to represent a vehicle or a cylinder to represent a pedestrian) or based

l



on, or used in conjunction with, actual images including still images (e.g., photographs) or

moving images (e.g., video such as live video streams).

[0095] For example, the vehicle indicator 4020 can be based on a three-dimensional

model of an automobile without use of any still or moving imagery, and the roadway portion

indicator 4012, which represents a roadway, can be based on a three-dimensional model of a

roadway with surface textures based on still images of a roadway at the corresponding actual

geographical location (e.g., the lane markers will match the lane markers at the actual

geographical location). Further, the external object indicator 4060 can be based on a three-

dimensional model of a building with surface textures based on still images of a building at a

different geographical location, and the external object indicator 4050, which represents a

roadside obstruction (e.g., a concrete barrier), could be based on real-time still or video

imagery of a roadside obstruction.

[0096] A solution path indicator, such as the solution path indicator 4022, can be used to

represent a portion of a solution path that a vehicle has previously travelled or that the vehicle

will travel. The solution path indicator can include one or more solution paths between a

vehicle location and a destination. For example, a solution path can be used to direct or guide

a vehicle, such as the vehicle represented by the vehicle indicator 4020, to a destination in a

way that avoids physically contacting external objects. For example, the solution path

indicator 4022 can be used to assist in guiding a vehicle corresponding to the vehicle

indicator 4020, around external objects, such as the external object indicator 4030, the

external object indicator 4040, and the external object indicator 4050, that obstruct or delay

the movement of the vehicle indicator 4020 along a path to a destination.

[0097] An external object boundary indicator, such as the external object boundary

indicator 4032 that is generated around the external object indicator 4030, can be used to

indicate an area around an external object that, though not representative of a tangible

physical object, can be used to represent an area through which the vehicle indicator 4020

should not intersect or come into close proximity with (e.g., the vehicle represented by the

vehicle indicator 4020 should not travel through the area defined by the external object

boundary).

[0098] It is noted that a solution path overlay interface may display additional

information and views not discussed above. For example, a solution path overlay interface

may display camera views from the rear, sides, and bumpers of the vehicle. Additionally or

alternatively, the solution path overlay interface may display LIDAR information.



[0099] The steps, or operations, of any method, process, technique, or algorithm

described in connection with the implementations of the disclosed technology herein, may be

implemented in hardware, firmware, software executed by hardware, circuitry, or any

combination thereof. To facilitate explanation, the techniques 5000-8000, shown in FIGS. 5-

8, are depicted and described as a series of operations. However, the operations in accordance

with this disclosure can occur in various orders or concurrently. Additionally, operations in

accordance with this disclosure may occur with other operations not presented and described

herein.

[0100] FIG. 5 is a flow chart of a technique 5000 for generating solution path overlay

interfaces in accordance with the present disclosure. The technique 5000 is utilized by a

system for generating solution path overlay interfaces. Some or all of the technique 5000 for

generating solution path overlay interfaces may be implemented in a vehicle including the

vehicle 1000 shown in FIG. 1, the vehicle 2100 shown in FIG. 2, or a computing apparatus

including the controller apparatus 2410 shown in FIG. 2 . In an implementation, some or all

aspects of the technique 5000 for generating solution path overlay interfaces can be

implemented in a system combining some or all of the features described in this disclosure.

[0101] At operation 5010, any of vehicle data and external data are received by, for

example, a communication system or other device of the system for generating solution path

overlay interfaces. For example, the vehicle data can be received from one or more vehicles

including a device or apparatus (e.g., a conveyance) that can travel from one location to

another location and transport objects including any of a passenger and cargo. The one or

more vehicles can include an autonomous vehicle, a vehicle that is driven by a human driver,

or a semi-autonomous vehicle.

[0102] The vehicle data can be associated with the condition or state of a vehicle or

surrounding vehicles (e.g., vehicles that are surrounding to the vehicle being tele-operated)

and can include but is not limited to: kinetic data relating to any of the velocity and

acceleration of a vehicle; location data, including a location of the vehicle such as the

geographical location of the vehicle (e.g., the latitude and longitude of the vehicle), the

location of the vehicle with respect to another object, or the location of the vehicle with

respect to a type of area (e.g., school zone, fire lane, parking lot); vehicle position data,

including the orientation and inclination (e.g., slope of the vehicle on an incline) of the

vehicle; operational data relating to the operational state of the vehicle, including the

electrical state or mechanical state of the vehicle (e.g., health of the electrical vehicle

systems, mechanical vehicle systems, tire pressure, etc.); maintenance data associated with



ongoing maintenance of the vehicle including scheduled tune-ups; vehicle energy state data,

including an amount of fuel remaining or an amount of battery charge remaining; sensor data

including vehicle sensor data based on outputs from sensors including, optical sensors (e.g.,

light detection and ranging sensors), audio sensors, and motion sensors, the sensor data can

be used to generate a representation of the physical environment in and around the vehicle;

internal state data, including a temperature and humidity inside the passenger cabin of the

vehicle; current task data associated with a current task (e.g., drop off a passenger) of the

vehicle including an estimated time for completion of the current task; and destination data

associated with a destination of the vehicle, including one or more routes that the vehicle can

traverse to arrive at the destination.

[0103] In some implementations, the vehicle data can be used to determine traffic

conditions including the movement of external objects within a predetermined area (e.g., an

area around the vehicle or a specified geographic area). Based on the traffic conditions, a

vehicle route associated with the destination can be determined and/or adjusted. The

destination itself can also be changed if for example, the destination of a drop-off location is

in a high traffic congestion area. For example, the vehicle route to a destination can avoid

intersecting an area in which traffic conditions (e.g., high level of congestion of external

objects) would delay or obstruct transit of the vehicle to the destination.

[0104] The external data can be associated with the condition or state of objects external

to the vehicle which can include but is not limited to any of buildings, roadways, walkways,

waterways, vehicles, cyclists, and pedestrians. The external data can include, but is not

limited to: external object movement path data, including a path previously travelled by an

external object and predicted paths of the external object, either of which can be based on the

external objects velocity, orientation, location, or an external object movement path that is

transmitted in the external data; external object orientation data, including any of an

orientation of the external object relative to the vehicle and an orientation such as a compass

orientation; external object location, including the geographical position of an external object

(e.g., the latitude and longitude of the external object); external object identity profile data to

identify an external object (i.e., to distinguish an external object from other external objects);

sensor data including external object sensor data based on outputs from sensors including,

optical sensors including light detection and ranging sensors (LIDAR), audio sensors, and

motion sensors, radar sensors, the sensor data can be used to generate a representation of the

physical environment in and around the external objects; surface state data including the state

of a surface (e.g., a road) within a predetermined area (e.g., a predetermined area around the



vehicle); traffic signal data indicating the state of traffic signal lights (e.g., green light, red

light, amber light); road closure data, including current and anticipated road closures and

detours; construction data including the location and state of current and anticipated

construction sites; emergency vehicle route data, including the route of emergency vehicles

such as ambulances, and police vehicles; infrastructure data, including the location of

buildings; environmental data including the state of current and upcoming weather conditions

(e.g., snow or rain forecasts); and zoning data including the locations of businesses, schools,

or residential areas.

[0105] At operation 5020, for each portion of the solution path or the entire solution path,

a buffer distance between the vehicle and the external objects is determined. In other words,

the buffer distance can either dynamically change based on the portion of the solution path or

can be the same distance throughout the solution path. To accommodate passage of the vehicle

past external objects, the width of the solution path can be based on the distance between

objects on either side of the vehicle. Alternatively, the solution path can be based on the width

of the vehicle. The buffer distance between the vehicle and the external objects can include a

distance in addition to the minimum distance that permits passage of the vehicle between

objects on either side of the vehicle and can be in any direction including the x, y, and z axes.

For example, a buffer distance of three meters on either side of the solution path could offer a

safety margin for movement of the vehicle past the external objects so that the vehicle can have

more time to react to unexpected movements by the external objects.

[0106] The buffer distance can be used to increase the distance around the surface of the

vehicle. In this way, the vehicle is better able to avoid physical contact (e.g., collisions) with

external objects. In some embodiments, a default buffer distance can include a predetermined

buffer distance that is added to any of the width of the solution path, the surface of the vehicle,

or the surface of the external objects. The buffer distance can be dynamically updated based on

machine learning techniques that aggregates data associated with the required distances to

safely pass similar external objects.

[0107] For example, when the vehicle moves from an open space (e.g., an outdoor

roadway) to an enclosed space (e.g., a covered parking garage or a tunnel), a path between the

vehicle location (e.g., on the roadway) and the destination (e.g., a parking space in the covered

parking garage) will use the buffer distance to ensure that the top surface of the vehicle (or

cargo that is being carried by the vehicle) does not contact the lower edge of the covered

parking garage ceiling.



[0108] In some embodiments, a predetermined buffer distance can be determined for each

of the external objects. For example, if an external object, such as a truck, has dimensions

including a height of 1.4 meters, a width of 2.8 meters, and a length of 4.8 meters, a buffer

distance of 0.5 meters can be added to some or all of the dimensions so that an additional

distance from other external objects can be maintained. By determining a buffer distance, the

vehicle is afforded an additional distance to accommodate unexpected or eccentric movements

by the vehicle or the external objects. The buffer distance can be predetermined (e.g., always

set to at least 0.5 meters) or can be dynamically adjusted.

[0109] At operation 5030, one or more paths, including movement paths of the external

objects and at least one solution path between the location of the vehicle and the destination

are determined. The solution path of the vehicle includes a path that the vehicle can travel

through without intersecting (e.g., physically contacting) or coming into close proximity to any

of the external objects and can be determined based on any of the vehicle data and the external

data.

[0110] The external data can be used to determine the external objects that are moveable

and currently moving (e.g., vehicles in motion), external objects that are moveable and not

currently moving (e.g., vehicles stopped at a red-light traffic signal), and external objects that

are immovable (e.g., buildings). Movement paths including current movement paths and

anticipated movement paths of the external objects can be determined based on the external

data including velocities and trajectories of the external objects which can be used to determine

the position of the external objects over a period of time. Based on the current movement paths

and the anticipated movement paths of the external objects, a solution path that does not

intersect or come in close proximity (e.g., within a predetermined distance defined as ‘close’)

the current movement paths and anticipated movement paths can be determined. In some

embodiments, the solution path can be based on a path-finding algorithm that is used to

calculate the shortest path between the vehicle location and a destination that does not intersect

with or come in close proximity to the movement paths of the external objects.

[0111] For example, using the location of the vehicle and the movement paths of the

external objects, a solution path between the location of the vehicle and the destination can be

associated with geographic coordinates and based on the changes over time of the location of

the vehicle and the external objects the solution path can be determined.

[0112] In some implementations, a direction of regulated traffic flow is determined based

on any of traffic flow data and traffic flow indicators within the predetermined distance of or

area around the vehicle. The traffic flow data can include authorized traffic flow patterns for



the external objects. For example, the traffic flow data can include: traffic pattern data,

including the regulated direction of traffic flow for a portion of a roadway (e.g., the legally

defined side of the road that a vehicle can travel on in a particular direction); traffic signal light

state data, including an indication of the state of traffic signal lights (e.g., an indication of

whether a traffic signal light is red, green, or yellow); and traffic speed regulation data,

including an indication of speed limits for traffic within an area. The direction of regulated

traffic flow can be used as a constraint on generating the solution path (e.g., the solution path

can partly or completely avoid intersecting a portion of a roadway that violates the regulated

traffic flow).

[0113] At operation 5040, a solution path overlay interface including or displaying the

solution path is generated. The solution path overlay interface includes the solution path

between the current location of the vehicle and the destination and can include a representation

of an area within a predetermined distance of the vehicle, the vehicle, and the solution path

between the vehicle and the destination.

[0114] The solution path overlay interface can be generated on a display device and can

include representations of the vehicle, the external objects, and the geographical area (e.g., a

specified area, such as a region, or a radius around the vehicle) as images associated with the

state or condition (e.g., appearance, direction of travel, external object identity). The objects

can be represented as images including indicators or other symbolic representations including

icons, text, pictograms, or any combination thereof. Further, the images can include images

still non-moving images, moving images, previously recorded images, and real-time images

including a stream of images, or any combination thereof. Examples of solution path overlay

interfaces have been previously illustrated in FIG. 3 and 4 .

[0115] In some implementations, the solution path overlay interface can include a

combination of images based on sensor outputs from the vehicle data or the external data

(e.g., video images) and images that are superimposed over the images based on the sensor

outputs. For example, optical sensors in the vehicle or in the external objects can output a

video stream which can be included in the respective vehicle data or external data. The video

stream can be used as a backdrop for the solution path overlay interface that can be combined

with generated portions of the solution path overlay interface.

[0116] In some implementations, generating the solution path overlay interface includes

generating a surface image that includes a surface state indication based on the surface state

(which can be based on the surface state data in the external object data or the determined

based on the sensor data).



[0117] FIG. 6 is a flow chart of a technique 6000 for generating solution path overlay

interfaces in accordance with the present disclosure. The technique 6000 is utilized by a

system for generating solution path overlay interfaces. Some or all of the technique 6000 for

generating solution path overlay interfaces may be implemented in a vehicle including the

vehicle 1000 shown in FIG. 1, the vehicle 2100 shown in FIG. 2, or a computing apparatus

including the controller apparatus 2410 shown in FIG. 2 . In an implementation, some or all

aspects of the technique 6000 for generating solution path overlay interfaces can be

implemented in a system combining some or all of the features described in this disclosure.

[0118] At operation 6010, a location of the vehicle is determined based on any of the

sensor data (e.g., sensor output from sensors including optical sensors, audio sensors, light

detection and ranging sensors, radar sensors, and motion sensors) included in the vehicle data

or the external data, and map data. The map data can be included in any of the vehicle data or

the external object data and can include the state of a geographical area (e.g., topographical

state, roadways, walkways, waterways) in which the vehicle is located (e.g., a map of the city

or region in which a vehicle is located).

[0119] The map data can include a representation of a predetermined area that includes

any of the vehicle and the external objects, and that is received from a source that does not

include the vehicle or the external objects. For example, the map data can be locally stored or

received from a remote computing device (e.g., a geographical map server) that can store and

exchange (send or receive) map data relating to a geographical area.

[0120] At operation 6020, a vehicle disposition is determined based on the vehicle

position. The vehicle disposition can be based on any of the map data and the sensor data.

The vehicle disposition can include data relating to a position of the vehicle in relation to

external objects including, but not limited to: an angle of incline for the vehicle with respect

to the surface beneath the vehicle; an indication of the level of traction for the vehicle’s

wheels with respect to the surface beneath the wheels; and an indication of whether the

vehicle is positioned in accordance with the direction of regulated traffic flow (e.g., whether

the vehicle is moving in the opposite direction of a traffic lane).

[0121] In some implementations, the solution path overlay can be based on the vehicle

disposition and can include the indicators of the vehicle disposition. For example, in a

situation in which the vehicle is on a muddy slope, a plain video image may not fully convey

the angle of the slope or the extent to which the mud reduces the traction of the vehicle’s

wheels. In this way, the vehicle disposition can be used as part of the solution path overlay



interface to provide a visual indication of the state of the road surface including the slope and

the traction reducing mud.

[0122] FIG. 7 is a flow chart of a technique 7000 for generating solution path overlay

interfaces in accordance with the present disclosure. The technique 7000 is utilized by a

system for generating solution path overlay interfaces. Some or all of the technique 7000 for

generating solution path overlay interfaces may be implemented in a vehicle including the

vehicle 1000 shown in FIG. 1, the vehicle 2100 shown in FIG. 2, or a computing apparatus

including the controller apparatus 2410 shown in FIG. 2 . In an implementation, some or all

aspects of the technique 7000 for generating solution path overlay interfaces can be

implemented in a system combining some or all of the features described in this disclosure.

[0123] At operation 7010, identities (or identification data/information) corresponding to

each of the external objects can be determined based on any of the vehicle data and the

external object data. Determination of the identities of the external objects can be performed

by comparing and matching the vehicle data or the external object data to a plurality of

external object identity profiles that can include characteristics of the respective external

objects. The characteristics of the external objects can be based on visual characteristics (e.g.,

which can be determined based on optical sensors), sound characteristics which can be

determined based on the output from sound sensors (e.g., microphones), motion

characteristics which can be determined by motion sensors, or any combination thereof.

[0124] For example, visual data from an optical sensor can be used to compare

characteristics including the color, shape, size, or movement pattern, of an external object to

corresponding characteristics of a plurality of external object profiles. The identity of the

external object can be determined to correspond to the external object profile that most

closely matches the characteristics of the external object.

[0125] Further, determining the identities of the external objects can include but is not

limited to identifying the external objects as any of: pedestrians, including types of

pedestrians such as children or physically challenged persons; vehicles, including different

types of vehicles such as emergency vehicles, or special purpose vehicles such as school

buses; traffic light signals, including an indication of the traffic light state (e.g., red light,

green light, amber light); traffic signage, including stop signs, yield signs, or traffic speed

limitation indicators; pavement markings, including cross-walks, and lane divider indications;

buildings, including commercial structures, residential structures, and temporary structures;

utility structures, including telephone poles, power-lines, hydro poles, or cellular telephone

towers; primary roadways including primary paved roadways such as streets, roads, or



highways); secondary paved roadways including alleyways, parking lots, or drive-ways; and

unpaved surfaces including waterways, woodlands, and fields.

[0126] In some implementations, the determination of the identities of the external

objects can be based on different types of data including but not limited to: data originating

from a subset of the external objects relating to the respective external objects (e.g., external

objects, such as other vehicles, sending data relating to their respective identities); data

originating from a subset of the external objects relating to other external objects (e.g.,

external objects, such as traffic signal cameras, sending data relating to the identities of other

external objects); and data relating to the state of the external objects, originating from a

remote data source that does not include the external objects (e.g., satellite imagery or traffic

control center data related to the external objects).

[0127] At operation 7020, mobility states (a mobility state of each of the external objects)

are determined. The mobility state for external objects can be based on the identities of the

external objects and can include a determination of any of moveable states and immoveable

states of the external objects. The mobility states can be based on whether the respective

external objects are animate (e.g., a pedestrian), inanimate and moveable (e.g., vehicles), or

inanimate and immoveable (e.g., buildings). Based on the mobility state of the external

objects, a more accurate prediction of the external objects movement paths can be made. For

example, an external object, such as a vehicle, that is stopped at a traffic signal indicating red

(e.g., an indication for vehicles in front of the traffic signal to stop) is stationary, but is likely

to move when the traffic signal indicates green (e.g., an indication for vehicles in front of the

traffic light to proceed). Accordingly, based on the identity or identification data

determination of the external object, a solution path will include the predicted path and

timing of movement of the vehicle that is stopped at the traffic signal.

[0128] At operation 7030, the solution path overlay interface is modified or updated or

further generated based on the determined mobility state of the external objects. The

modifications to the solution path overlay interface can include indications, such as mobility

indications, that indicate the mobility state of the external objects. The mobility indications

can include: directional indicators, including arrows and other signifiers of the direction of

the external objects; mobility state indicators associated with the external objects mobility

state (e.g., immovable objects and moveable objects can be distinguished based on separate

color coding such as red for animate objects, blue for inanimate immovable objects, yellow

for inanimate moveable objects); and velocity indicators indicating the velocity of the



respective external objects (e.g., an indicator that a vehicle is travelling at a velocity of

twenty kilometers per hour).

[0129] FIG. 8 illustrates a method 8000 for generating a solution path overlay interface in

accordance with the present disclosure. The method 8000 includes receiving vehicle data and

external data, wherein the vehicle data includes a vehicle location and a vehicle destination

(i.e., a location and a destination of a vehicle being monitored), via step 8010. The external

data includes a location and a movement path for each of a plurality of external objects

associated with or within a predetermined area of the vehicle. The method 8000 includes

determining a solution path between the vehicle location and the vehicle destination, wherein

the solution path does not intersect with the plurality of external objects, via step 8020. The

method 8000 includes generating the solution path overlay interface to display the solution,

via step 8030. The solution path overlay interface can be displayed to an operator of the

vehicle.

[0130] In an implementation, any of the vehicle data and the external data includes sensor

data from any of an optical sensor, a light detection and ranging sensor (LIDAR), a radar

sensor, a motion sensor, and an audio sensor. The method 8000 includes determining a

surface state within a predetermined distance of the vehicle based on the sensor data and

generating a surface image including a surface state indication based on the surface state,

wherein the solution path overlay interface includes the surface state indication.

[0131] In an implementation, the method 8000 includes determining traffic conditions

using the sensor data and the movement paths of the plurality of external objects within a

predetermined area, wherein a vehicle route of the vehicle is determined using the traffic

conditions, wherein the vehicle route provides navigation data for the vehicle between the

vehicle location and the vehicle destination. The vehicle location is based on map data that

includes a geographical area of the vehicle and of the plurality of external objects, further

wherein the solution path is displayed to an operator of the vehicle.

[0132] In an implementation, the method 8000 includes determining identification data of

the plurality of external objects based on any of the vehicle data and the external data

determining mobility states of the plurality of external objects, wherein the mobility states

include moveable states and immoveable states, and, updating, based on the mobility states,

the solution path overlay interface to indicate moveable and immoveable external objects of

the plurality of external objects. The identification data comprises any of pedestrians,

vehicles, traffic light signals, traffic signage, pavement markings, buildings, primary

roadways, and secondary roadways.



[0133] In an implementation, the method 8000 includes determining a direction of

regulated traffic flow based on any of traffic flow data and traffic flow indicators within the

predetermined area, wherein the traffic flow data includes authorized traffic flow patterns for

the plurality of external objects, wherein the solution path overlay interface includes an

indication of the direction of regulated traffic flow; and, determining, for each portion of the

solution path, a buffer distance between the vehicle and each of the plurality of external

objects, wherein the determining of the solution path comprises maintaining the buffer

distance between the vehicle and each of the plurality of external objects.

[0134] FIG. 9 illustrates a vehicle control system 9000 of an autonomous vehicle (e.g.,

vehicle 1000 of FIG. 1) for controlling the autonomous vehicle via a controller apparatus

(e.g., controller apparatus 2410 of FIG. 2). During operation of the vehicle, the vehicle

control system 9000 may either operate in an autonomous mode or a controlled mode. When

operating in the autonomous mode, the vehicle control system 9000 determines the actions of

the vehicle based on data collected by the vehicle (e.g., vehicle data and/or external data).

The vehicle data and external data can also include data collected by third parties such as

other vehicles or computer systems (e.g., IoT networks) that are transmitted to the vehicle via

a communication network. When operating in a controlled mode, the vehicle control system

9000 transmits the data collected by the vehicle to a controller apparatus via a communication

network (e.g., communication network 2300 of FIG. 2). In response to the data, the controller

apparatus generates a solution path overlay interface, receives a solution path, and transmits a

route corresponding to the solution path to the vehicle. After receiving the solution path, the

vehicle control system 9000 instructs the various systems of the vehicle (e.g., power system

1210, steering system 1230, actuator system 1240, and/or transmission system 1220 of FIG.

1) to traverse the transportation network according to the solution path.

[0135] In some implementations, the controller apparatus transmits a solution path that

includes multiple successive stop points along the solution path. A stop point is a geospatial

location along the solution path to which the vehicle is to traverse. In these implementations,

the vehicle traverses the transportation network along the solution path by traversing toward

the nearest stop point. As the vehicle traverses the transportation network along the solution

path, the vehicle continues to update the controller apparatus with the data being collected by

the vehicle, such that the controller apparatus may determine whether the solution path needs

to be adjusted due to the conditions changing. For example, as the vehicle traverses the

solution path, objects, which may have previously been occluded, may appear in the field of



view of the vehicle, which may prompt the solution path to change. The vehicle control

system 9000 is described in greater detail below.

[0136] As shown in FIG. 9, the vehicle control system 9000 includes an autonomous

mode module 9010, a controlled mode module 9020, and a vehicle control module 9030. In

operation, the autonomous mode module 9010 determines actions for the vehicle to perform

when operating in an autonomous mode, while the controlled mode module 9020 determines

actions for the vehicle to perform when operating in a controlled mode. The autonomous

mode module 9010, the controlled mode module 9020, and the vehicle control module 9030

may be implemented as computer-readable instructions that are being executed by one or

more processors of the vehicle.

[0137] Under normal operating conditions, the autonomous mode module 9010 receives

sensor data from the sensor system 9040 to determine one or more actions to take. The sensor

system 9040 may include any suitable types of sensors, including but not limited to optical

sensors such as video camera sensors and light detection and ranging (LIDAR) sensors, audio

sensors, location sensors such as global positioning system (GPS) sensors, radar sensors,

motion sensors such as gyroscopes and accelerometers, temperature sensors, and any other

suitable sensors. The autonomous mode module 9010 receives sensor data from the sensor

system 9040 and determines vehicle data and external data based thereon. The autonomous

mode module 9010 may operate in any suitable manner.

[0138] In some implementations, the autonomous mode module 9010 may implement

one or more machine-learned models to determine the actions. The machine-learned models

may include neural networks, Markov models, or other suitable models. The models receive

the sensor data and determine an action based thereon. These models may be trained using

training data, such that the actions determined by the models are based on the training data on

which the models were trained. Thus, each action may have a confidence score associated

with the action that indicates a degree of confidence that the model has in the determined

action. The autonomous mode module 9010 outputs the action to the vehicle control module

9030, which outputs instructions to various vehicle systems (not shown) to control the

vehicle.

[0139] In some cases, however, the autonomous mode module 9010 determines that the

vehicle is encountering a scenario which the autonomous mode module 9010 cannot

determine an action that has a requisite confidence score associated therewith. In such cases,

the vehicle may have approached a scenario involving one or more external objects that the

autonomous mode module 9010 was not trained to handle. For example, the vehicle may



approach a construction zone, where the video sensors cannot capture what is behind the

construction zone. When the autonomous mode module 9010 determines that it cannot output

an action with a requisite confidence score, the autonomous mode module 9010 may notify

the controlled mode module 9020. In doing so, the autonomous mode module 9010 may

provide the sensor data to the controlled mode module 9020 which resulted in the unknown

scenario.

[0140] Upon receiving notification from the autonomous mode module 9010, the

controlled mode module 9020 may initiate a communication session with an operations

center (e.g., operations center 2400 of FIG. 2). In some implementations, the controlled mode

module 9020 initiates a communication session with the operations center by initiating a

communication session with a controller apparatus (e.g., controller apparatus 2410 of FIG. 2)

of the operations center. Upon initiating the communication session, the controlled mode

module 9020 may transmit a request for a solution path and may additionally transmit sensor

data collected by the sensor system 9040 and/or any other data that is collected by the

vehicle. The data provided by the controlled mode module 9020 may include the vehicle data

and/or external data.

[0141] In response to providing the data collected by the controlled mode module 9020,

the controller apparatus provides a solution path to the controlled mode module 9020. The

solution path may define a route along the transportation network that the vehicle is to

traverse. In response to receiving the solution path, the controlled mode module 9020 may

determine one or more actions to perform in order to traverse the transportation network

according to the solution path. For example, the controlled mode module 9020 may

determine that the vehicle must accelerate and veer to a certain direction. The controlled

mode module 9020 may output the actions to the vehicle control module 9030.

[0142] In response to receiving one or more actions from either the autonomous mode

module 9010 or the controlled mode module 9020, the vehicle control module 9030 executes

the actions. In executing the action, the vehicle control module 9030 determines one or more

commands to issue to one or more of the vehicle systems. For example, in response to an

action to advance the vehicle and veer to the right, the vehicle control module 9030 may issue

a first command to the power system of the vehicle to accelerate and may issue a second

command to the steering system to turn right.

[0143] In some implementations, the controlled mode module 9020 receives updatable

solution paths. An updatable solution path is a solution path with one or more stop points

defined therein. A stop point is a geospatial location along the solution path to which the



vehicle is to traverse. In some implementations, the updatable solution path includes multiple

stop points. In these implementations, the controlled mode module 9020 determines actions

to reach each successive stop point. While traversing the transportation network towards the

next stop point, the controlled mode module 9020 iteratively transmits sensor data and any

other additional data to the controller apparatus. If there are any new external objects that

were not accounted for in the solution path, the controller apparatus determines an update to

the solution path and transmits the update to the vehicle (e.g., to the controlled mode module

9020). An update to the solution path may include new stop points, which result in an

updated solution path. If the controlled mode module 9020 receives an updated solution path,

the controlled mode module 9020 may begin determining actions to traverse the

transportation network to the nearest new stop point. Otherwise, the controlled mode module

9020 may continue to output actions to the vehicle control module 9030 that cause the

vehicle to continue along the solution path via the defined stop points. The controlled mode

module 9020 and the controller apparatus may continue to communicate in this manner until

the controller apparatus (or an operator thereof), the autonomous mode module 9010, and/or

the controlled mode module 9020 determine that the unknown situation has been cleared.

[0144] In some implementations, an updatable solution path consists of two or more

concatenated solution paths. In these implementations, the controller apparatus transmits an

update to the solution path each time the vehicle reaches a stop point. In these

implementations, the solution path is provided iteratively one stop point at a time. Thus, the

controller apparatus transmits a stop point to the controlled mode module 9020. In response

to the stop point, the controlled mode module 9020 determines one or more actions to reach

the stop point, which the controlled mode module 9020 provides to the vehicle control

module 9030. The vehicle control module 9030 determines one or more commands to

execute the one or more actions and issues the commands to the appropriate vehicle system.

Upon reaching the stop point, the vehicle control module 9030 may issue a command to stop

the vehicle. At the stop point, the controlled mode module 9020 may obtain updated vehicle

data and/or updated external data and may transmit the updated vehicle data and/or updated

external data the controller apparatus. The controller apparatus may then transmit an updated

solution path by providing a subsequent stop point. The controlled mode module 9020 and

the controller apparatus may continue to communicate in this manner until the controller

apparatus (or an operator thereof), the autonomous mode module 9010, and/or the controlled

mode module 9020 determine that the unknown situation has been cleared.



[0145] The disclosed technology provides a solution path overlay generation system that

more effectively generates solution path representations including images of an environment

in which a vehicle, such as an autonomous vehicle, operates. The solution path overlay

generation system can incorporate a variety of data including previously generated data and

real-time data relating to conditions in the local environment of the vehicle, including sensor

inputs, traffic flow patterns, and weather conditions. Accordingly, the solution path overlay

generation system can more effectively represent an environment that a vehicle will traverse

and thereby provide benefits including facilitated vehicle operation, enhanced situational

awareness, and improved vehicle safety.

[0146] FIG. 10 illustrates an example controller apparatus 10000. The controller

apparatus 10000 may be the controller apparatus 2410 of FIG. 2 or any other suitable device

that communicates solution paths to a vehicle via a communication network (e.g.,

communication network 2300 of FIG. 2). In the illustrated example, the controller apparatus

10000 may include a solution path overlay system 10100 and a communication unit 10200.

The solution path overlay system 10100 may include an overlay generation module 10300, an

overlay graphical user interface 10400 (overlay GUI), and a transportation network data store

10500. The overlay generation module 10300 and the overlay graphical user interface 10400

may be implemented by computer-readable instructions that are executed by one or more

processors of the controller apparatus 10000. The transportation network data store 10500

may be stored in the storage system (i.e., memory) of the controller apparatus. The storage

system may be a physical storage device in the controller apparatus or a network storage

device that is accessed via a communication network.

[0147] The transportation network data store 10500 stores transportation network data.

Transportation network data may be any data that describes features of a transportation

network. The transportation network data may define roadways (e.g., streets, highways, b i

ways, alleys, etc.), directions of travels along the roadways, right of ways on the roadways,

traffic signage (e.g., yield signs, stop signs, etc.), traffic light data, lane data (e.g., number of

lanes, merge points, etc.), speed limits along the roadway, known obstacles, external objects,

and other suitable data. In some implementations, the transportation network data may be

organized in a database that is keyed by geolocations. In this way, the vehicle generation

module 10300 may retrieve transportation network data relating to a path of a vehicle based

on a location of the vehicle.

[0148] The overlay generation module 10300 receives a request for a solution path from a

vehicle. The request for the solution path may include vehicle data and/or external data



collected by the vehicle. For example, the request may include a geolocation of a vehicle, a

route of the vehicle, a direction of the vehicle, speed of the vehicle, optical data (e.g., video

data and LIDAR data) collected by the vehicle, audio data, and any other suitable data.

Alternatively, the overlay generation module 10300 may automatically determine that the

vehicle requires a solution path for continued operation in response to receiving data

collected by the vehicle. In response to the request or a determination that the vehicle requires

a solution path, the overlay generation module 10300 determines a solution path (e.g., the

solution path 11050 of FIG. 11A) and a corresponding solution path overlay (e.g., the

solution path overlay 11060 of FIG. 11A) using the vehicle data and/or external data.

[0149] The overlay generation module 10300 generates a solution path overlay interface

(e.g., the solution path overlay interface 11010 of FIG. 11A or the solution path overlay

interface 4000 of FIG. 4) using information including but not limited to the determined

solution path, the corresponding solution path overlay, the transportation network data, and

the vehicle data and/or external data. The generated solution path overlay interface is

outputted or transmitted by the overlay generation module 10300 to the overlay GUI 10400

for display (e.g., for display configured to receive at least one input or command from an

operator of the solution path overlay system 10100 of FIG. 11A). The solution path overlay

interface may include an environmental representation of an area of a transportation network

corresponding to the location of a vehicle. The environmental representation may be a two or

three-dimensional model of the vehicle traversing the solution path with respect to the

transportation network in the vicinity of the vehicle. The environment representation may

also include other external objects (e.g., trees, buildings, etc.) of the environment surrounding

the vehicle. The overlay generation module 10300 may utilize the transportation network data

to generate the known environment of the vehicle (e.g., the roadway, the direction of traffic,

and known obstacles). The overlay generation module 10300 may utilize the vehicle data

and/or the external data to include the vehicle and any obstacles detected by the sensor

system of the vehicle.

[0150] In some implementations, the overlay generation module 10300 retrieves

transportation network data from the transportation network data store 10500 based on the

geolocation of the vehicle. The overlay generation module 10300 may retrieve transportation

network data relating to the current geolocation of the vehicle, geolocations relating to the

upcoming route of the vehicle (e.g., the next 1000 feet), and geolocations of the most recently

traversed potion of the route (e.g., the previous 50 feet). In these implementations, the

overlay generation module 10300 obtains data relating to the roadway on which a vehicle is



traveling on. For example, the overlay generation module 10300 may obtain transportation

network data describing the roadway upon which the vehicle is traversing, the number of

lanes on the roadway, the speed limits on the roadway, known obstacles on the roadway,

traffic lights on the roadway, and traffic signs along the roadway.

[0151] The overlay GUI 10400 displays the solution path overlay interface that may

include both an environmental representation of an area proximate to the vehicle and the

determined solution path via a graphical user interface. The solution path overlay interface

may also display the transportation network in the general vicinity of the vehicle. The

solution path overlay interface may allow an operator (or a computer) to analyze and/or

update the solution path for the vehicle given the current situation of the vehicle. In plotting

the solution path, the operator may define one or more stop points along the solution path.

Alternatively, the overlay generation module 10300 may automatically generate the stop

points in response to the operator defining the solution path. As the vehicle traverses the

transportation network along the solution path, the overlay generation module 10300 may

update the solution path overlay interface to illustrate the new location of the vehicle with

respect to the solution path, as well as any objects that are newly detected in the vehicle

data/extemal data, as the vehicle continues along the solution path. In doing so, the operator

can update the solution path by interacting with or providing an input or command to the

solution path overlay interface via the overlay GUI 10400.

[0152] The overlay GUI 10400 may display the solution path overlay interface to an

operator (e.g., remote operator monitoring the vehicle). The solution path overlay interface

may display the vehicle in relation to the transportation network. In addition, the solution

path overlay interface may present any external objects that are in the vicinity of the vehicle

along the transportation network. For example, the solution path overlay interface may

include any vehicles (moving or parked), pedestrians, obstacles, road blocks, or any other

potential object that may require the vehicle to navigate around. The operator may also be

presented with additional information, such as the ambient temperature near the vehicle and

any surface state information (e.g., wet road or icy road).

[0153] Once presented, via the overlay GUI 10400, with the solution path overlay

interface including the determined solution path and the corresponding solution path overlay,

an operator can generate an updated solution path (e.g., by providing a command to the

overlay generation module 10300). In generating a new solution path, the overlay generation

module 10300 may restrict the solution path so as to ensure a buffer distance (e.g., three feet)

from any detected objects in the transportation network. Furthermore, the solution path may



be of fixed dimensions, as the width of the vehicle is a constant value. In some

implementations, the operator can draw a solution path using the solution path overlay

interface. In other implementations, the operator can indicate one or more stop points and the

overlay generation module 10300 may generate a solution path based on the stop points. For

example, the overlay generation module 10300 may generate a solution path that passes

through each stop points. The overlay generation module 10300 may further allow the

operator to execute the solution path. Upon the operator electing to execute the solution path,

the solution path overlay system 10100 may transmit the solution path to the vehicle for

execution via the communication unit 10200.

[0154] In response to receiving the solution path, a vehicle control system (e.g., the

vehicle control system 9000 of FIG. 9) of a vehicle (e.g., the vehicle 1000 of FIG. 1) can

execute the solution path by determining one or more actions to perform in order to traverse

the transportation network according to the solution path. The determined actions can be

transmitted by the vehicle control system (e.g., either the autonomous mode module 9010, the

controlled mode module 9020, or another module not shown in FIG. 9) to a vehicle control

module (e.g., the vehicle control module 9030 of FIG. 9) for execution which provides one or

more commands issued or transmitted to one or more vehicle systems of the vehicle. For

example, in response to an action to advance the vehicle and veer to the right, the vehicle

control module may issue a first command to the power system of the vehicle to accelerate

and may issue a second command to the steering system to turn right.

[0155] FIGS. 11A and 11B illustrate an example of a solution path overlay interface

11000, according to some implementations of the present disclosure. In FIG. 11A, the

solution path overlay interface 11000 displays a birds-eye view environment representation

11010 of a scenario where the autonomous mode module of a vehicle was unable to

determine an action. In the illustrated example, the birds-eye view environment 11010, the

solution path overlay interface 11000 presents a virtual vehicle 11020, an obstacle 11030, an

occluded area 11040, a solution path 11050, and a solution path overlay 11060.

[0156] In the example of FIG. 11A, the operator can see that there is an obstacle 11030

(e.g., a truck) blocking the path of the vehicle 11020. The issue is that in order to pass the

obstacle, the vehicle 11020 must cross over a centerline 11080, which may be a prohibited

maneuver. Furthermore, because the obstacle 11030 blocks the field of view of the vehicle,

there may be an occluded area 11040 where there may be one or more occlusions that the

vehicle cannot be aware of. This example scenario may cause the autonomous mode module



of a vehicle to request a solution path. The request for the solution path may include vehicle

data and/or external data that is obtained by the vehicle.

[0157] In response to the request for a solution path, the operator has provided a solution

path 11050 that includes a set of stop points 11070-1, 11070-2, 11070-3, 11070-4, and

11070-5. In providing the solution path 11050, the operator may define the individual stop

points 11070. Additionally or alternatively, the operator may define the solution path 11050

and the solution path overlay interface 11000 may automatically render the stop points along

the defined solution path. Furthermore, the solution path overlay interface 11000 may display

a solution path overlay 11060 that tracks the solution path 11050. The width of the solution

path overlay 11060 may correspond to a width of the vehicle, whereby the operator can see if

the solution path would result in the vehicle contacting any obstacles. The operator may

execute the solution path, which causes the solution path overlay system (e.g., solution path

overlay system 10100 of FIG. 10) to transmit a route corresponding to the solution path

11050 to the vehicle.

[0158] In response to the solution path, the vehicle will begin traversing the

transportation network towards the first stop point 11070-1. In the process of traversing the

transportation network, the vehicle continues to provide updated vehicle data and/or updated

external data. In response to the updated vehicle data and/or updated external data, the

solution path overlay system may determine that there are additional obstacles that the

vehicle needs to circumvent. FIG. 11B continues the example of FIG. 11A, but after the

solution path overlay interface 11000 has updated the environment interface 11100 with the

updated data (e.g., updated vehicle data and/or updated external data). In this example, the

video data and/or LIDAR data may have led to the determination that there are traffic cones

11110 that are restricting the path of the vehicle. Furthermore, there may be a human 11120

directing traffic. In this scenario, the solution path overlay interface 11000 generates an

updated environment representation 11100 and allows the operator to provide an updated

solution path 11150 that is different than the original solution path 11050. The operator can

define the updated solution path 11150 based on the newly received data, which is presented

in the updated environment representation 11100. In this example, the updated solution path

11150 includes new stop points 11170 (e.g., stop point 11170-1 and stop point 11170-2). The

operator can insert the stop points manually, or the overlay generation module (e.g., the

overlay generation module 10300 of FIG. 10) may calculate and update the stop points

automatically. The solution path overlay interface 11000 may further display an updated

solution path overlay 11160 corresponding to the updated solution path 11150. The operator



can then execute the updated solution path, which causes the solution path overlay system to

transmit a route corresponding to the updated solution path to the vehicle. The vehicle may

continue along the solution path by way of each iterative stop point until the vehicle has

circumvented the obstacle and returns to normal driving conditions. Otherwise, the operator

can continue to update the solution path in the manner described above.

[0159] It is noted that in some implementations, the vehicle may stop each time it reaches

a stop point. In these implementations, the vehicle may stop and a stop point and may wait

for the operator to reassess the operational environment of the vehicle. In these

implementations, the operator may allow the vehicle to continue or may update the solution

path.

[0160] FIG. 12 illustrates an example set of operations of a method 12000 for controlling

a vehicle from a controller apparatus (e.g., the controller apparatus 10000 of FIG. 10) that is

remote from the vehicle (e.g., the vehicle 1000 of FIG. 1). The method 12000 is described

with respect to a vehicle control system of a vehicle (e.g., the vehicle control system 9000 of

FIG. 9) and a solution path overlay system of a controller apparatus (e.g., the solution path

overlay system 10100 of FIG. 10).

[0161] At 12100, the vehicle control system determines that the vehicle has reached an

unknown scenario. An unknown scenario may refer to a scenario where the vehicle cannot

determine one or more actions that have requisite confidences scores associated therewith.

For example, the vehicle may encounter an obstacle that requires the vehicle to break a traffic

rule in order to avoid. In this example, the vehicle may be routed to cross the dividing lane of

a roadway or to pass through a red or malfunctioning traffic light (e.g., a human is directing

traffic through a red light). In such scenarios, the vehicle may determine that it is unable to

determine one or more actions to resolve the scenario that have a requisite confidence score.

[0162] At 121 10, the vehicle transmits a request for a solution path to a controller

apparatus. The request may include vehicle data and/or external data, as described above. The

vehicle control system may determine the vehicle data from one or more sensors of a sensor

system of the vehicle, one or more data sources of the vehicle, one or more sensors external

to the vehicle, and/or one or more external data sources. For instance, the vehicle control

system may determine a geolocation of the vehicle, a speed of the vehicle, a direction of the

vehicle, an ambient temperature outside of the vehicle, video data, LIDAR data, audio data,

and/or any other suitable data. The vehicle control system may transmit the request for the

solution path, including the vehicle data and/or the external data to the controller apparatus. It

is noted that in some implementations, the vehicle control system transmits the vehicle data



and/or the external data in a communication that is separate from the request for the solution

path.

[0163] At 12120, the controller apparatus receives the request from the vehicle. In some

implementations, a solution path overlay system of the controller apparatus receives the

request for a solution path overlay from the vehicle via a communication network.

[0164] At 12130, the controller apparatus generates an environment representation in a

solution path overlay interface based on the request. For example, the controller apparatus

may generate the environment representation of FIG. 11A . The environment representation

may be a two-dimensional or three-dimensional model that represents the current state of the

transportation network and surrounding area at or near the location of the vehicle. For

example, the environment representation may display the roadway that the vehicle is

traversing, any roadways that are proximate to the vehicle (e.g., intersections), external

objects in the vicinity of the vehicle (e.g., other vehicles, pedestrians, animals, unidentified

obstacles, potholes, traffic lights, traffic signage, and the like). In some implementations, a

solution path overlay system of the controller apparatus generates the environment

representation in the solution path overlay interface based on the vehicle data and/or external

data received from the vehicle. In some implementations, the solution path overlay system

further retrieves transportation network data corresponding to a geolocation of the vehicle to

generate the environment representation. The transportation network data may include

information relating to the transportation network and known obstacles at the transportation

network. For example, transportation network data may include, but is not limited to,

roadways (e.g., streets, highways, bi-ways, alleys, etc.), directions of travels along the

roadways, right of ways on the roadways, traffic signage (e.g., yield signs, stop signs, etc.),

traffic light data, lane data (e.g., number of lanes, merge points, etc.), speed limits along the

roadway, known obstacles, and other suitable data. The solution path overlay system may

retrieve the transportation network data using the geolocation of the vehicle. In some

implementations, the solution path overlay system may generate the environment

representation in a solution path overlay interface using the transportation network data, the

vehicle data, and/or the external data. In this way, environment representation may display a

representation of a relevant portion of the transportation network, a virtual representation of

the vehicle with respect to the relevant portion of the transportation network, and a virtual

representation of a current or nearly current state of the relevant portion of the transportation

network, including any virtual objects that represent objects that were detected in the vicinity

of the vehicle.



[0165] At 12140, the controller apparatus receives a solution path that includes one or

more stop points along the solution path from the operator via the solution path overlay

interface. In some implementations, an operator enters a solution path via an overlay GUI that

is displayed by the solution path overlay system. The overlay GUI allows the operator to

define the solution path. The solution path defines a proposed path for the vehicle to navigate

the unknown scenario. In some implementations, the operator further defines one or more

stop points along the solution path. The stop points may define geospatial locations to which

the vehicle is to navigate to traverse the solution path. In other implementations, the solution

path overlay system automatically generates the stop points in response to receiving the

solution path.

[0166] In some implementations, the solution path overlay system further displays a

solution path overlay corresponding to the solution path. The solution path overlay may be a

graphical indicator of the path that takes into account the width of the vehicle with respect to

the solution path. The solution path overlay may assist the operator in determining whether

the vehicle will be able to traverse the solution path. In some implementations, the solution

path overlay system may restrict the solution path using a buffer distance. A buffer distance

may refer to a minimum distance that must be maintained between the vehicle and any

external objects. The buffer distance may be displayed in the solution path overlay interface

in relation to the solution path and/or the solution path overlay.

[0167] At 12150, the controller apparatus transmits a route corresponding to the solution

path to the vehicle. In some implementations, the solution path overlay system transmits the

route corresponding to the solution path to the vehicle in response to the operator executing

the solution path. For instance, the operator may select a button that causes the solution path

overlay system to generate and transmit the route defined by the solution path to the vehicle.

In transmitting the route corresponding to the solution path to the vehicle, the solution path

overlay system includes the one or more stop points. The one or more stop points may be

expressed as geolocations (e.g., a longitude and latitude of each stop point).

[0168] At 12160, the vehicle traverses the transportation network along the solution path

via the stop points. In some implementations, the vehicle control system receives the solution

path, including the one or more stop points, from the controller apparatus. In response to the

solution path, the vehicle control system determines actions to reach the next stop point in the

solution path. Initially, the vehicle control system determines one or more actions to reach the

next stop point. The vehicle control system executes these actions to traverse the

transportation network along the solution path. As will be discussed with respect to the loop



shown with respect to operations 12150 - 12220, the vehicle traverses the transportation

network along the solution path until the unknown scenario is cleared. Furthermore, as the

vehicle continues to traverse the transportation network, the vehicle may continue to update

the controller apparatus with vehicle data and/or external data, as more obstacles/scenarios

may present themselves to the vehicle as it traverses the transportation network along the

solution path. If the operator determines that an updated solution path is needed to avert a

newly arising scenario, the operator may generate an updated solution path to transmit to the

vehicle. Otherwise, the vehicle continues to traverse the transportation network via the

original solution path.

[0169] At 12170, the vehicle determines whether the unknown scenario is cleared. In

some implementations, the vehicle control system determines whether the unknown scenario

is cleared. For example, the vehicle control system can determine whether the solution path is

fully traversed. If so, the vehicle control system determines that the unknown scenario is

likely cleared. In another example, the vehicle control system can determine whether it can

generate actions that have requisite confidence scores associated therewith. If the vehicle

control system is able to generate actions that have the requisite confidence scores associated

therewith, the vehicle control system determines that the unknown obstacle is likely cleared.

If the unknown scenario is cleared, the vehicle reverts to autonomous control of the vehicle,

as shown at 12180.

[0170] If the unknown scenario is not yet cleared, the vehicle transmits updated vehicle

data and/or updated external data to the controller apparatus, as shown at 12190. In some

implementations, the vehicle control system may transmit the vehicle data and/or external

data to the controller apparatus. The vehicle control system may be configured to

continuously or intermittently transmits any vehicle data and/or external data the vehicle

collects or determines while the vehicle is traversing the transportation network along the

solution path. It is noted that the vehicle control system may continuously transmit vehicle

data and/or external data to the controller apparatus, even when it is not traveling along a

solution path (i.e., operating in autonomous mode).

[0171] At 12200, the controller apparatus (e.g., the solution path overlay interface)

receives the vehicle data and/or the external data. At 12210, the controller apparatus updates

the environment representation that is displayed in the solution path overlay interface. In

some implementations, the solution path overlay system may update the environment

representation to represent any changes to the geolocation of the vehicle and the locations of

any previously detected objects (e.g., moving vehicles, pedestrians, or animals). Furthermore,



the solution path overlay system may update the environment representation to display any

newly detected external objects. As the vehicle traverses the transportation network, the

vehicle data and/or external data may define a newly discovered object. For example, the

vehicle may pass a first object that was obstructing the field of view of the optical sensors of

the vehicle. As the vehicle passes the first object, the optical sensors may capture objects that

were previously occluded. In another example, a moving object that was not previously in the

field of view of the optical sensors of the vehicle may have moved into the field of view of

the optical sensors of the vehicle. In such scenarios, the solution path overlay system may

update the environment representation to reflect the newly discovered objects.

[0172] At 12220, the controller apparatus determines whether it has received an updated

solution path. In some implementations, the solution path overlay system determines whether

the operator has provided an updated solution path. If the operator has entered an updated

solution path to the solution path overlay system via the overlay GUI, the solution path

overlay system transmits a solution path to the vehicle, as shown at 12150. If the operator has

not provided an updated solution path, the solution path overlay system may continue to wait

for an updated solution path. As shown in FIG. 12, the vehicle and the controller apparatus

may remain in the loop defined by operations 12150-12220 until the unknown scenario is

cleared, and the vehicle reverts to autonomous control of the vehicle.

[0173] FIGS. 13A-13C illustrate an example solution path overlay interface 13000 that is

configured to concatenate solution paths. In these implementations, the solution path overlay

system iteratively transmits partial solution paths having a single stop point, and the vehicle

traverses the partial solution path to the next stop point. During traversal, or when the vehicle

reaches the stop point, the vehicle transmits updated vehicle data and/or updated external data

to the controller apparatus (e.g., the solution path overlay system). In response to the updated

vehicle data, the controller apparatus (e.g., the solution path overlay system) can update the

environment representation. In response to the updated environment representation, the

operator may add an updated solution path, which is concatenated to the previously provided

solution paths. The vehicle may continue in this manner until the unknown scenario is

cleared.

[0174] In FIG. 13A, the solution path overlay system displays an environment

representation 13010 in the solution path overlay interface 13000 in response to the vehicle

encountering an unknown scenario. As previously discussed, the vehicle transmits vehicle

data and/or external data, which the solution path overlay system utilizes to generate the

environment representation 13010. In the illustrated example, the virtual vehicle 13020 is



shown in relation to a transportation network 13025. As shown, the vehicle has encountered a

first obstacle 13030 (e.g. a truck) and a second obstacle 13050 (e.g., a traffic cone) that it

must circumvent. Furthermore, because the obstacle may be blocking the field of view (or

field of detection) of the optical sensors of the vehicle, there is an occluded area 13040

behind the obstacle 13030, with respect to the vehicle. Additionally, the vehicle must cross a

dividing line 13035 of the transportation network to circumvent the first obstacle 13030 and

the second obstacle 13050. In response to being presented with the environment

representation 13010, the operator has defined an initial solution path 13060 and a first stop

point 13070. In response to the defined solution path, the overlay GUI displays a solution

path overlay 13080 with respect to the solution path 10060. The operator may elect to execute

the solution path 13060. In response to the election, the solution path overlay system

transmits the solution path 13060 (or a representation thereof) and the first stop point 13070

(e.g., a geolocation) to the vehicle.

[0175] The vehicle may traverse the transportation network via the solution path to the

first stop point. Upon reaching the first stop point or in transit while traversing the

transportation network, the vehicle may transmit updated vehicle data and/or updated external

data to the controller apparatus. It is noted that the vehicle control system may continuously

transmit vehicle data and/or external data to the controller apparatus, even when it is not

traveling along a solution path (i.e., operating in autonomous mode). In response to the

vehicle data and/or the external data, the solution path overlay system updates the

environment representation based on the updated vehicle data and/or updated external data.

[0176] FIG. 13B illustrates an updated environment representation 13 110 in a solution

path overlay interface 13000. In the illustrated example, the virtual vehicle 13020 is shown at

the first stop point (not shown). Based on the updated vehicle data and/or updated external

data, the occluded area 13040 has been updated. Furthermore, as a result of the updated

vehicle data and/or updated external data, the environment representation includes a third

obstacle 13152 (e.g., a traffic cone), a fourth obstacle 13154, and a human obstacle 13156

(e.g., a traffic cone). In response to the updated environment representation 13 110, the

operator has defined an updated solution path 13160 and a second stop point 13170. In

response to receiving the updated solution path 13160, the solution path overlay system

concatenates the updated solution path 13160 to the initial solution path 13060. Furthermore,

the solution path overlay system displays an updated solution path overlay 13180 that

corresponds to the updated solution path 13160. The solution path overlay system

concatenates the updated solution path overlay 13 180 to the initial solution path overlay



13080. The operator may elect to execute the updated solution path 13160. In response to the

election, the solution path overlay system transmits the updated solution path 13160 (or a

representation thereof) and the second stop point 13170 (e.g., a geolocation) to the vehicle.

[0177] The vehicle may traverse the transportation network via the first updated solution

path to the second stop point. Upon reaching the second stop point or in transit while

traversing the transportation network, the vehicle may transmit updated vehicle data and/or

updated external data to the controller apparatus. In response to the vehicle data and/or the

external data, the solution path overlay system again updates the environment representation

based on the updated vehicle data and/or updated external data.

[0178] FIG. 13C illustrates an updated environment representation 13210 in a solution

path overlay interface 13000. In the illustrated example, the virtual vehicle 13020 is shown at

the second stop point (not shown). Based on the updated vehicle data and/or updated external

data, the area behind the truck 13030 is no longer occluded. Furthermore, the solution path

overlay system has not detected any new objects based on the updated vehicle data and/or

updated external data. In response to the updated environment representation 13210, the

operator has defined a second updated solution path 13260 and a third stop point 13270. In

response to receiving the second updated solution path 13260, the solution path overlay

system concatenates the second updated solution path 13260 to the first updated solution path

13160. Furthermore, the solution path overlay system displays a second updated solution path

overlay 13280 that corresponds to the second updated solution path 13260. The solution path

overlay system concatenates the second updated solution path overlay 13280 to the first

updated solution path overlay 13180. The operator may elect to execute the second updated

solution path 13260. In response to the election, the solution path overlay system transmits

the second updated solution path 13260 (or a representation thereof) and the second stop

point 13270 (e.g., a geolocation) to the vehicle.

[0179] The vehicle may traverse the transportation network via the second updated

solution path to the third stop point. Upon reaching the third stop point, the vehicle may

determine that it has cleared the unknown scenario. In response to determining that the

vehicle has traversed the unknown scenario, the vehicle may revert to autonomous control.

[0180] FIG. 14 illustrates an example set of operations of a method 14000 for controlling

a vehicle from a controller apparatus that is remote from the vehicle by concatenation

solution paths. The method is described with respect to a vehicle control system of a vehicle

(e.g., the vehicle control system 9000 of FIG. 9) and a solution path overlay system of a

controller apparatus (e.g., the solution path overlay system 10100 of FIG. 10).



[0181] At 14100, the vehicle control system determines that the vehicle has reached an

unknown scenario. An unknown scenario may refer to a scenario where the vehicle cannot

determine one or more actions that have requisite confidences scores associated therewith.

For example, the vehicle may encounter an obstacle that requires the vehicle to break a traffic

rule in order to avoid the obstacle. In this example, the vehicle may be routed to cross the

dividing lane of a roadway or to pass through a red or malfunctioning traffic light (e.g., a

human is directing traffic through a red light). In such scenarios, the vehicle may determine

that it is unable to determine one or more actions to resolve the scenario that have a requisite

confidence score.

[0182] At 141 10, the vehicle transmits a request for a solution path to a controller

apparatus. The request may include vehicle data and/or external data, as described above. The

vehicle control system may determine the vehicle data from one or more sensors of a sensor

system of the vehicle, one or more data sources of the vehicle, one or more sensors external

to the vehicle, and/or one or more external data sources. For instance, the vehicle control

system may determine a geolocation of the vehicle, a speed of the vehicle, a direction of the

vehicle, an ambient temperature outside of the vehicle, video data, LIDAR data, audio data,

and/or any other suitable data. The vehicle control system may transmit the request for the

solution path, including the vehicle data and/or the external data to the controller apparatus. It

is noted that in some implementations, the vehicle control system transmits the vehicle data

and/or the external data in a communication that is separate from the request for the solution

path.

[0183] At 14120, the controller apparatus receives the request from the vehicle. In some

implementations, a solution path overlay system of the controller apparatus receives the

request for a solution path overlay from the vehicle.

[0184] At 14130, the controller apparatus generates an environment representation in a

solution path overlay interface based on the request. For example, the controller apparatus

may generate the environment representation of FIG. 13A . The environment representation

may be a two-dimensional or three-dimensional model that represents the current state of the

transportation network and surrounding area at or near the location of the vehicle. For

example, the environment representation may display the roadway that the vehicle is

traversing, any roadways that are proximate to the vehicle (e.g., intersections), external

objects in the vicinity of the vehicle (e.g., other vehicles, pedestrians, animals, unidentified

obstacles, potholes, traffic lights, traffic signage, and the like. In some implementations, a

solution path overlay system of the controller apparatus generates the environment



representation in the solution path overlay interface based on the vehicle data and/or external

data received from the vehicle. In some implementations, the solution path overlay system

further retrieves transportation network data corresponding to a geolocation of the vehicle to

generate the environment representation. The transportation network data may include

information relating to the transportation network and known obstacles at the transportation

network. For example, transportation network data may include, but is not limited to,

roadways (e.g., streets, highways, bi-ways, alleys, etc.), directions of travels along the

roadways, right of ways on the roadways, traffic signage (e.g., yield signs, stop signs, etc.),

traffic light data, lane data (e.g., number of lanes, merge points, etc.), speed limits along the

roadway, known obstacles, and other suitable data. In some implementations, the solution

path overlay system may generate the environment representation in a solution path overlay

interface using the transportation network data, the vehicle data, and/or the external data. In

this way, environment representation may display a representation of a relevant portion of the

transportation network, a virtual representation of the vehicle with respect to the relevant

portion of the transportation network, and a virtual representation of a current or nearly

current state of the relevant portion of the transportation network, including any virtual

objects that represent external objects that were detected in the vicinity of the vehicle.

[0185] At 14140, the controller apparatus receives a solution path that includes a stop

point. In some implementations, an operator enters a solution path via an overlay GUI that is

displayed by the solution path overlay system. The overlay GUI allows the operator to define

a partial solution path that includes a stop point. The solution path defines a partial path for

the vehicle to follow to begin navigating the unknown scenario. In some implementations, the

operator further defines the stop point. The stop point may define a geospatial location to

which the vehicle is to navigate. In other implementations, the solution path overlay system

automatically generates the stop point in response to receiving the partial solution path. In

some implementations, the solution path overlay system further displays a solution path

overlay corresponding to the partial solution path. The solution path overlay may be a

graphical indicator of the path that takes into account the width of the vehicle with respect to

the solution path. The solution path overlay may assist the operator in determining whether

the vehicle will be able to traverse the solution path. In some implementations, the solution

path overlay system may restrict the solution path using a buffer distance. A buffer distance

may refer to a minimum distance that must be maintained between the vehicle and any

external objects. The buffer distance may be displayed in the solution path overlay interface

in relation to the solution path and/or the solution path overlay.



[0186] At 14150, the controller apparatus transmits a partial route corresponding to the

partial solution path to the vehicle. In some implementations, the solution path overlay

system transmits the partial route defined by the partial solution path to the vehicle in

response to the operator executing the solution path. For instance, the operator may select a

button that causes the solution path overlay system to transmit the solution path to the

vehicle. In transmitting the partial route defined by the partial solution path to the vehicle, the

solution path overlay system includes the stop point corresponding to the solution path. The

stop point may be expressed as a geolocation (e.g., a longitude and latitude of the stop point).

[0187] At 14160, the vehicle traverses the transportation network along the solution path

until it reaches the stop point. In some implementations, the vehicle control system receives

the solution path, including the stop point, from the controller apparatus. In response to the

partial route, the vehicle control system determines actions to reach the stop point at the end

of the received partial route. The vehicle control system executes these actions to traverse the

transportation network along the partial route. As will be discussed with respect to the loop

shown with respect to operations 14150 - 14220, the vehicle iteratively traverses the

transportation network along the solution path until it reaches the unknown scenario is

cleared. Each time the vehicle reaches or nears a stop point at the end of a partial solution

path, the vehicle may transmit updated vehicle data and/or updated external data. In response

to the vehicle data and/or external data, the vehicle control system updates the environment

representation based on the vehicle data and/or the external data. The operator may then enter

an updated solution path with a next stop point and may instruct the vehicle control system

receives to transmit an updated route corresponding to the updated solution path to the

vehicle. The vehicle traverses the transportation network until the next stop point is reached.

The vehicle and the controller apparatus may continue to interact in this manner until the

unknown scenario is cleared.

[0188] At 14170, the vehicle determines whether the unknown scenario is cleared. In

some implementations, the vehicle control system determines whether the unknown scenario

is cleared. For example, the vehicle control system can determine whether it can generate

actions that have requisite confidence scores associated therewith. If the vehicle control

system is able to generate actions that have the requisite confidence scores associated

therewith, the vehicle control system determines that the unknown obstacle is likely cleared.

If the unknown scenario is cleared, the vehicle reverts to autonomous control of the vehicle,

as shown at 14180.



[0189] If the unknown scenario is not yet cleared, the vehicle transmits updated vehicle

data and/or updated external data to the controller apparatus, as shown at 14190. In some

implementations, the vehicle control system may transmit the updated vehicle data and/or

updated external data to the controller apparatus upon reaching a stop point. The vehicle

control system may be configured to continuously or intermittently transmit any vehicle data

and/or external data the vehicle collects or determines while the vehicle is traversing the

transportation network along the solution path. In some implementations, the vehicle may

only transmit the vehicle data and/or external data upon reaching the stop point. It is noted

that the vehicle control system may continuously transmit vehicle data and/or external data to

the controller apparatus, even when it is not traveling along a solution path (i.e., operating in

autonomous mode). In some implementations, the vehicle may wait at each stop point until

the vehicle receives a next solution path.

[0190] At 14200, the controller apparatus (e.g., the solution path overlay interface)

receives the vehicle data and/or the external data. At 14210, the controller apparatus updates

the environment representation that is displayed in the solution path overlay interface. In

some implementations, the solution path overlay system may update the environment

representation to represent any changes to the geolocation of the vehicle and the locations of

any previously detected objects (e.g., moving vehicles, pedestrians, or animals). Furthermore,

the solution path overlay system may update the environment representation to display any

newly detected external objects. As the vehicle traverses the transportation network, the

vehicle data and/or external data may define a newly discovered object. For example, the

vehicle may pass a first object that was obstructing the field of view of the optical sensors of

the vehicle. As the vehicle passes the first object, the optical sensors may capture objects that

were previously occluded. In another example, a moving object that was not previously in the

field of view of the optical sensors of the vehicle may have moved into the field of view of

the optical sensors of the vehicle. In such scenarios, the solution path overlay system may

update the environment representation to reflect the newly discovered objects.

[0191] At 14220, the controller apparatus receives an updated solution path and a next

stop point. In some implementations, the solution path overlay system receives an updated

solution path via the overlay GUI. Additionally or alternatively, the solution path overlay

system may receive the next stop point via the overlay GUI. In response to the updated

solution path, the solution path overlay system may display an updated solution path overlay

corresponding to the updated solution path. In some implementations, the solution path

overlay system may concatenate the updated solution path to the solution path. Furthermore,



the solution path overlay system may concatenate the updated solution path overlay to the

solution path overlay. The operator may execute the updated solution path. In response to the

execution of the updated solution path, the solution path overlay system may transmit an

updated route corresponding to the updated solution path and the next stop point to the

vehicle. As shown in FIG. 14, the vehicle and the controller apparatus may remain in the loop

defined by operations 14150-14220 until the unknown scenario is cleared, and the vehicle

reverts to autonomous control of the vehicle.

[0192] It is noted that while reference is made to an operator generating solution paths

and updating solution paths, the solution path overlay system may implement artificial

intelligence to assist or replace the operator without departing from the scope of the

disclosure. The disclosed technology provides a solution path overlay generation system that

more effectively generates solution path representations including images of an environment

in which a vehicle, such as an autonomous vehicle, operates. The solution path overlay

generation system can incorporate a variety of data including previously generated data and

real-time data relating to conditions in the local environment of the vehicle, including sensor

inputs, traffic flow patterns, and weather conditions. Accordingly, the solution path overlay

generation system can more effectively represent an environment that a vehicle will traverse

and thereby provide benefits including facilitated vehicle operation, enhanced situational

awareness, and improved vehicle safety.

[0193] While the disclosed technology has been described in connection with certain

embodiments, it is to be understood that the disclosed technology is not to be limited to the

disclosed embodiments but, on the contrary, is intended to cover various modifications and

equivalent arrangements included within the scope of the appended claims, which scope is to

be accorded the broadest interpretation so as to encompass all such modifications and

equivalent structures as is permitted under the law.



What is claimed is:

1. A method, compri sing:

receiving, by a solution path overlay system and via a communication network,

vehicle data and external data from a vehicle control system of a vehicle traversing a

transportation network, wherein the vehicle data is associated with the vehicle and includes a

vehicle location of the vehicle and a vehicle direction of the vehicle, and the external data

includes respective locations of one or more external objects that area proximate to the

vehicle;

generating, by the solution path overlay system, an environment representation of an

area of the transportation network proximate to the vehicle location based on the vehicle data

and the external data, wherein the environment representation represents the area proximate

to the vehicle and includes a vehicle representation of the vehicle defined in correspondence

to the vehicle location of the vehicle with respect to the area proximate to the vehicle and one

or more object representations of the one or more external objects defined in correspondence

to a respective location of each of the one or more external objects;

displaying, by the solution path overlay system, the environment representation in a

graphical user interface;

receiving, by the solution path overlay system, a solution path via the graphical user

interface, the solution path indicating a route for the vehicle along the transportation network,

wherein the solution path includes one or more stop points over which the vehicle is to

traverse;

transmitting, by the solution path overlay system, the route indicated by the solution

path to the vehicle including a respective geolocation of each of the one or more stop points,

wherein the vehicle receives the route and begins traversing the transportation network based

on the solution path;

receiving, by the solution path overlay system, updated vehicle data and/or updated

external data from the vehicle as the vehicle traverses the transportation network along the

route defined by the solution path;

updating, by the solution path overlay system, the environment representation based

on the updated vehicle data and/or the updated external data to obtain an updated

environment representation; and

displaying, by the solution path overlay system, the updated environment

representation via the graphical user interface.



2 . The method of claim 1, further comprising:

receiving, by the solution path overlay system, an updated solution path via the

graphical user interface in response to the updated environment representation, the updated

solution path indicating an updated route, wherein the updated route includes one or more

new stop points; and

transmitting, by the solution path overlay system, the updated route to the vehicle, the

updated route including one or more new geolocations of the new stop points.

3 . The method of claim 2, wherein receiving the solution path includes receiving a

partial solution path, wherein the partial solution path includes only one stop point and

defines a partial route.

4 . The method of claim 3, wherein:

receiving the updated vehicle data and/or the updated external data occurs in response

to the vehicle reaching a first geolocation that corresponds to the one stop point in the partial

solution path; and

receiving the updated solution path includes receiving a second partial solution path

including a next stop point.

5 . The method of claim 4, further comprising concatenating, by the solution path overlay

system, the updated solution path to the solution path.

6 . The method of claim 2, wherein the updated solution path replaces the solution path.

7 . The method of claim 6, wherein receiving the updated vehicle data and/or the updated

external data occurs as the vehicle is traversing the transportation network towards a

geolocation of a stop point.

8 . The method of claim 1, further comprising displaying, by the solution path overlay

system, a solution path overlay corresponding to the solution path, wherein the solution path

overlay corresponds to a width of the vehicle.



9 . The method of claim 1, further comprising receiving, by the solution path overlay

system, a request for a solution path from the vehicle, wherein the request for the solution

path is received from the vehicle in response to the vehicle reaching an unknown scenario.

10. The method of claim 1, wherein generating the environment representation includes:

retrieving transportation network data corresponding to the vehicle location from a

storage device of the solution path overlay system, wherein the transportation network data

defines characteristics of the transportation network; and

generating the environment representation based on the transportation network data.

11. A solution path overlay system, comprising:

a storage device;

a communication unit that communicates with a communication network;

a display device; and

one or more processors that execute computer-executable instructions, the computer-

executable instructions causing the one or more processors to:

receive, via the communication network, vehicle data and external data from a

vehicle traversing a transportation network, wherein the vehicle data is associated

with the vehicle and includes a vehicle location and a vehicle direction, and the

external data includes respective locations of one or more external objects that area

proximate to the vehicle;

generate an environment representation of an area of the transportation

network proximate to the vehicle location based on the vehicle data and the external

data, wherein the environment representation represents the area proximate to the

vehicle and includes a vehicle representation of the vehicle defined in correspondence

to the vehicle location with respect to the area proximate to the vehicle and one or

more object representations of the one or more external objects defined in

correspondence to a respective location of each of the one or more external objects;

display the environment representation in a graphical user interface via the

display device;

receive a solution path via the graphical user interface, the solution path

indicating a route for the vehicle along the transportation network, wherein the



solution path includes one or more stop points over which the vehicle is to traverse;

and

transmit the route indicated by the solution path to the vehicle including a

respective geolocation of each of the one or more stop points, wherein the vehicle

receives the route and begins traversing the transportation network based on the

solution path;

receive updated vehicle data and/or updated external data from the vehicle as

the vehicle traverses the transportation network along the route defined by the

solution path; and

update the environment representation based on the updated vehicle data

and/or the updated external data to obtain an updated environment representation; and

display the updated environment representation in the graphical user interface

via the display device.

12. The solution path overlay system of claim 11, wherein the computer-executable

instructions further cause the one or more processors to:

receive an updated solution path via the graphical user interface in response to the

updated environment representation, the updated solution path indicating an updated route,

wherein the updated route includes one or more new stop points; and

transmit the updated route to the vehicle, the updated route including one or more new

geolocations of the new stop points.

13. The solution path overlay system of claim 12, wherein receiving the solution path

includes receiving a partial solution path, wherein the partial solution path includes only one

stop point and defines a partial route.

14. The solution path overlay system of claim 13, wherein:

receiving the updated vehicle data and/or the updated external data occurs in response

to the vehicle reaching a first geolocation that corresponds to the one stop point in the partial

solution path; and

receiving the updated solution path includes receiving a second partial solution path

including a next stop point.



15. The solution path overlay system of claim 14, wherein the computer-executable

instructions further cause the one or more processors to concatenate the updated solution path

to the solution path.

16. The solution path overlay system of claim 12, wherein the updated solution path

replaces the solution path.

17. The solution path overlay system of claim 16, wherein receiving the updated vehicle

data and/or the updated external data occurs as the vehicle is traversing the transportation

network towards a geolocation of a stop point.

18. The solution path overlay system of claim 11, wherein the computer-executable

instructions further cause the one or more processors to display a solution path overlay

corresponding to the solution path, wherein the solution path overlay corresponds to a width

of the vehicle.

19. The solution path overlay system of claim 11, wherein the computer-executable

instructions further cause the one or more processors to receive a request for a solution path

from the vehicle, wherein the request for the solution path is received from the vehicle in

response to the vehicle reaching an unknown scenario.

20. The solution path overlay system of claim 11, wherein the storage device stores

transportation network data that defines characteristics of the transportation network, and

wherein generating the environment representation includes:

retrieving transportation network data corresponding to the vehicle location from the

storage device; and

generating the environment representation based on the transportation network data.
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