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Crom Reforences to Related Applisations

{001} Thisapphication claims the benefit of priveity of United States Provisional Patent
Application No. §1/91 1,496, filed on Decernber 4, 2013 Unied States Provisionsl Patént Application
No.61/993,084, filed on May 14, 2014; United Stute¢ Provisionsl Patent Application Mo, 61/993,11 1,
filed on May 14, 2014: United States Provisional Pateat Application 62/015,524, filed on June 23, 2014
United States Provisional Patent Application 52022221, filed on duly 8, 2014, Uniled States Provisional

Patent Application Mo, 62/040,224, filed on August 21, 2014; and Usited States Provisional Patent

* Application 62/040. 269, filed on Augest 21, 2014, Al of tiie foregoing applications are incorporated

hetein by refersnce i theiy etivetyv,
BACKGROUND

L Technigal

"

{002} The present disclosute relates generally to autonomaas vehicle navigation and, mers

specifically; to systerns and methods that se cameras to provide auforomous vehicle navigation features,

I i 1 Backeround Tnfoemation

03] Az teehnology continues to advance, the goal of a fully autonomois vehicte that is
capable of nuvigating on roadways B on the korizen, Primarily, s astonomous vehicle may be able to
identify its environ ment and nevigate without nput from 2 hurman opefator. Adtonomisns vehicles may
also take fnto account 2 variety of fetors and muke appropriate decisions based pu those faclors to safely
and accuiately reach dn intended destination. Forexample, various ohjecta—such as other vahicles and
pedestrians——are encountered when a vehisle typically fravels g rvadway, Autonomous Griving systerss
Ry mc{xgﬁim these objects fra vehicle's eavironment and take dpproprizic and tirsely setion foaveid
collisions, Additionally, antonomous driving systetns ray identify other fndicatory—sich as traffic
slgnals, trafflc signg, and lane markings-—that regulate vahicle movement (g, when the vehiels st
stop and may go, @ speed at which the vehicle moust not excesd, where the vehicle must be positioned on
the roadway, oo}, Autonomous driving sysioms may need fo determine when & vehicle shauld shangs
tanes, e at intersections, change roadways, ¢le, As Is evident from these cxamples, many factors miay
need to be addressed i order fo provide an satonomons vehishe that is capable of navigating safely and
acourately.

HUMMARY

[064]  Embodiments consistent with the prasent disclosure provide systams and methods Tor
autonomous vehicle navigatinn, The disclosed embodiments may use cameras (o provide autonomous
vehicle navigation features. For sxample; consistent with the disclosed embodiments, the disclosed
systemss sy inclade one, i,wé, 0F (0TS SAMETAs m at monitor the environment of 4 vehicle and cause &
ravigational response based on an analysis of inages captured by one or rocre of the cameras,

1803 Consistant with a disclosed cirbodinent, & driver assist navigation system is provided for

avehicle The system may include af least one image caplore device configured 1o acquire a plueality of

IPR2025-01035
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images of an arsa in'a vieinily of the vehicle; a data interface; and at lgast one processing device. The o
lesstong processing device may be configured to; receive the plurality of images via the data interface;
determine from the plurality of images # first lane constraint on 2 first side of she vehicle; determing from
the plurality of images & second lane constizing on & second side of the vehicle opposiic to the first side of
the vehicle, whersin the first and second lane congirains defing a lane within which the vehicle travels

and wherein o first distance corresponds to g distance bebween the first side of the vehicis and the first
fane constraint and a second distance corresponds to a distence between the second side of the vehicle and
the seconud jene constraint; determine, based ou the plavaiity of linages, whether 2 lane offset condition
axiste on the first side of the vehicier if s Jane offser condition exists on the first side of the vehicle, cause
the vehicle 0 travel within the first and second lane constraints such that the fivst distance e greater tian

the second distence; detorming, based on the plurality of images, whether 2 line offest condition exists on

- the second gide of the vehicley and ifa lane offset condition oxists on the seoond side of theovehisle, sause

the vehicte to travel within the first and second lane congivainis such that the first distanes is loss than the
second distance:

[006]  Consisrent with the disclosed embodiment, the at least one provessing device may be
further configured to cause the frsy distancs to be substantially the same as the second distance 1, based
on the plurality of Images, & lane off5et conditfon is determined to exist on Both the first and sevond sides
of the vehicle. The aileast one processing device may be configured to deiermine, based on the pharality
of images, whether a fane offset condition i substantially noneexistent, and i the lans offeer condition is
subsiantially nop-existent, cause the vehicks to tavel within the fiest and second lane consiraints such that
the first distance is substantially equal to the second distance. IF the driver hssist iavigation system
determinas that a lane offsct condition exists, the af least one processing deviee may be configured fo
tause the first distance tobe al least 123 tdmey preater than the second distince, Alernatively, theéat
least onie processing device may be further vonfigired to causs the first distancs to-be at least 2 times
greater thaw the scoond distanes, If the driver assist navigation svslem determines that the lawe offset
condition includes a curved road, the at least one processing device may be onfigured 1o cause the
vehicle to travel within the first and second lans constraints such that the first distance is toward an
outside of the cusve relative to the vehicle, and the second distance is toward an inside of the curvs
relative o the vebicle. If the driver assist navigation system determines that the Jare offset condition
includes a presence of one of roere objects oit oo side of the Tane, the at least one processing device may

be configured w cause the vehicle to travel within the first and second fane consiraints such that the fiest

~distunee; which I3 greater than the second distance, s provided toward the one or more oljects: The one

or more obiosts may include parked cars, wwall, and/or pedesivians, und may have 3 height of greater than
10 oo from a road surface, At least oneof the st and second lane constraints may includs 4 line
wmarked on avoad surface, an edge of 8 road surface, or 2 determined midpoint of a road surface widis,
Determination of whether  Jane oifset condition ekists on'the frst side of the vehicle niay be performed

based on g pusttion of a target objecion the Drstside o1 the velicle, The cansing of the vehicle 10 travel
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< within the first and second Tane constraints such that the first distance is grisater than the second distance

way be overridden based ou inpwt fromt g driver of the vehicle.

[0607] - Consistent with sncther discloded srsbodinient, a vehicle may include a first vehiciz side;
& second vehicie side epposite the first vehicle aide; at least onie image capture devics configured to
acquire o phuality of images of an ares in 4 vickiity of the vehicle: 4 data interface; and at Teast one
processing device, The st least one procossing device may be configored to: reoeive the plurality of
images via the dama interihoe; determing from the plurality of images w first lane constraing onthe fust
vehiels side; determing from the pluraiity of limages & second lane constramnton the secend vehicls side;
wherein the frst and sccond lane covstiatnts define 2 Tane within which the vehicle travels and wherein a

first distance corresponds to & distance between the it vehicle side and the first lane constraint and a

seeond distance corresponds to @ distance betwsen the second vehicle side dnd the second fane constraing

detertning, based on'the plurality of images, whether a lnoe offset condition exists on the fitst vehicle
side; 1F a lane offset Condition exists on the first vehicle side; cause the vehicle to wwavel within the kst
and second lane constraints such thit the first distance is greater than the second distance; determine,

baged on the plueality of images, whether a lase offset condition exists on the second vehicle side; and ifa

lane offset condition exists on thesecond vehicle side, vauss the vehicle 1o travel within the frst and

second fane constraints such that the Thest distance 35 Tess than the second distance.

[G08] - Consistent with the disclosed embodiment, the at least one processing duvice may be
further configured {0 cause the first distanve fo be substantially the same a5 the second distance 1f; haged
ot the plurality of images, 2 lane offsei condition is determined to oxist on beth the Brst and second

vehicie sides. The at least one processing device may be confipored to deteniine, based on the plusality

*of inages, whether @ lavie offset condition is substantially non-existent, and it the lane offset conditionds

substentialiy non-existent, vause the vihicle 1o fravel within the first and seeond lane ponsirainds such that

- the fivst distance Is substantially cqualbic the second distance. The Tane offSet condition may nehuds o

curved road, and the at least one provessing device may beconfigured o cause the vehicle to travel within

the firstand sseond lane congirains sich that the first distunce in toward an outside of the curve relative

1o the vehicle; and the second distance ¢ 1oward wn inside of the curve relative vo the vehicle, The lans

offset sondition may include o presence of oue of mote ehiecs on one nide of the lane, and the at least

one processing device mav be conbigured to cause the vehiole to travel within the fivst and sccond lane

constraints such that the frst distance, which iy greater than the second distance, s provided toward the

one or raore objects. Atleast one of the first and second lane consraing may include wa edge of d road
surface andfor 2 deterndned midpoint of @ road surface width, Determination of whether a lane offset
sonditfon exists on the fisst side of the velitcle may be performed based o a positionof 2 target ebject on

he first side of the vebisle. The causing of the vehicle to travel within the fisst and second line

constraings such that the st distance is greater than the second distance may be overridden based on

input from = dilver of the vehitie.,
[009] - Consistent with another disciossd embodiment, & method is provided for navigating a

vehtiole, The method may inclode acquiriing, usisg at Jeast one Iviags taprure device, 8 plurality of images
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of an arca in the vidinity of the vehicle; determining from the plurality of images o first lang consteaint on

& first side of the vehicle; defermining frovthe pluraiity of images # seCond lane constraint on a second

side of the vehicle oppasite to the firet dde of the vebicle, wheyein the fivst and second lane congiraings

defing a fane within which the vehicle travels and wherein a fiest distanoe cotresponds toa distance

Between the first side of the vehicie and the first lanie sonsiraint and a seeond distence sorrespondsto a
distance between the second side of the vehicle and the second lane constraing determining, based o the
plorality of images, whether a lane pifset condition exists on the fvgt side of the vehicle: If 5 dane offset

condition exists on the fivst side of the vehicls, causing the vehisie 10 travel within the first and seosnd
lang constraints such that the first distancs Is greater than the sevond distce; determining, bussd on the
plarality of imeges, whether s lane offset condition oxists on the sccond side of the vehicle; and if 2 lang

offset condition exists on the second side of the vehicle, causing the vehicle 1 travel within the firstand

second fune constraints such that the Gt distance s fess than the second distance

{010] - Consistent with 2 disclosed embodinent, & driver assist mavigation system is provided for

s vehicls. The systerm may inclade of least one image capture device configured fo acquire « plurdlity of

- images of dn area i5 g vieinity of the veliicler o data interface; and atfeast one processing devive. Theat

loast provessing device may be configured to: receive the plarality of mages via the data interface;
determine from the plurality of images @ corrent lane of wavel from among a plurality of wvailable travel
lanesy dnd cause the vehicle o change ] ases if'the current lane of travel is notthe same 25 a prodetenmined
defauit wravel fane.

(0111 Consistent with the disclosed erbodiment, the predetermined desault travel lone may be
i righ’i.umési lanc among the plutality of svallable fravel lanes. The at least one processing device may be

configured to activate & turn signal prior 1o causing the vebicle 1o chanpe lanes. The af least one

processing device may be configured 1o cause arcandible announterment prior to causing the vehicls o

~change lanes. The a7 lsast one progessing device may be configured fo tause an audible indicator priorto

causing the vehicle o change lanes. The p;"‘ueftemzmad ddefault travel lane may be determined based on

the plurality of images ot the area in the vicinity of the vehicle, based on data received from 5 global

positioning systerq, andor based on aninput received from & user,

121 Consistent with another diselosed embodiment, 2 vehicle may include a body; «f Esust one

hirmge capturs device configured to acquire 2 phuality of images of an areain ¢ vitinily 6f the vehicie; a

date interface; and 2t least one processing devive. The at letst one processing devics iaay be configured
o receive the plurality of inages via the data intertace; determine from the plurality of images 4 current

lase of fravel from anong & plurality of available travel lanes; and vatse the vehiels {0 change Janes if the

Coureent mw oftravel is not the saine as a prodetermined default traval lane;

[G13] . Consistent with the disclosed enibodiment, the predetermined dethult tiave] Tane smay be
a right-most lane among the plurality of available trave! lanes. The at least one processing devies may be
configured fo sotivate o i signal prior 1o causing the vebicle to change lanes. The of least one

provessing devics imay be contigured to cause an audible announcement prior W causing the vehicle o

- ghnge {anes, The ut Teast one processing device may be configured 1o catse an audibls indicator frior to

IPR2025-01035
Tesla EX1002 Page 1667



20

25

30

35

40

45

50

55

Cthrough

EP 3 514 032 A1

causing the vehmie 1o change lanes. The predetermined default travel lane may be deternined based o6
the pheratity of images of the ares in the vieinity of the vehicle, based on data received from a global
positicaing system, and/or biased on ao inpul reesived from ause

013} - Consistent with another disclosed sinbodiment, a method is provided for navigating a
vehicle: The methiod may include acquiring, using at least one imspe capture device, 2 plusality of images
of sy aren in & vieinity of the vebicle; determining from the plusality 6 imuges a cutrent Jane of travel

from among a plurality of available travel fanes; and causing the vehicle tovhange lanes if the current

lanie of ravel 18 not the samie as 2 predetermined default wavel Jane.

0158 - Consistent with the disclosed eimbodiment, the prodetormined defauit tavel lane may be
aright-ranst Tane among the plirality of avatlable travel Tanes, A tam signal may be activated priof o
cansing thevehicle to change lanes. The predetermined default travel lane may be determined based on

the phueality of images of the avea in the vicinity of the vehicle:

[016]  Consistent with a disclosed embodiment, o deiver assist navigation system is provided for
a velicle. The svstem may include ot least pue image capture devive configured to soquire a plurality of
images of an avea in a vieinity of the vehicle; a data interface; and at least one processing devics. The ol
{eust one processing device may be configured to; receive the plurality of images via the data interface;
rewgr*i?e acurve o be navigated based on wiap data and vehicle position information; detorming an

iy

initial ?avg;t velacity for the vehicle based on af Jeast one characteristic of the curve g reflected fo the

miap data; adjust & velocity of the vehicle to the initial target velocity: determine, bassd on the plurality of
trsges, one of 1nore observed characteristics of the clirve; determine an updated tareet velocity based on
the pne or rors obssrved characteristics of the purve; and sdjust the velocity of ihe vebicle to the updated
fargel velocily,

[017] - Consistent with the disclosed embodiment, the at least one characteristic of the corve
iy incliude an expested radius of curvatars Tor the curve a3 determined from the raap data. The initial

target velooily may be detertiined based on the a,.x;}%*cd wadius of curvature for the carve and & laterad

acceleration lirit. The faterat acecleration Kmit roay be betwesit about 6.2 m/sse’ andt 3.0 mifsec’,

Alternatively, the ateral acceleration limit may be batween about 1.5 mvsed” and 3.0 msec’. The luteral

pecelemiion limis ey be adiusted bassd on 2 rosd width determined based on the plurality of images.
The one or mors phserved chavasteristios of the curve may invlude an acteal radivs of evrvaiure for the
curve as determined through analysis of the plarality of images. The updated target velocity may be

determniped based on the acwial viding of curvature for the curve and g lateral scoeleration mit. The oiie

or mote observed characieristics of the curve may inclode a vate of change inan actual radius of curvature

for the corve s determingd theough anelysis of the plusality of images. The oos ormore cbeerved

characteristics of the curve may include a deprie of banking associated with the curve as defermined

lysis of the plurality of images. The oneor more chserved characteristics of the curve may
include information, determined through analysis of the plurafity of images; relating o the carve
conveved by ane or morg road signe. The mitial tlargst velooity may also be baged on g focal range of the

ther & traffic lght

at feast one image capture device. The inftal target velocity may aiso bie based on wi
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is deterrfined o be located along the curve. The inftial target velovity may also be based on whether 2
traffic Baht is determined to'be lovated within a predetermingd distance sfter the curve.

[G18] - Consisient with another disclosed embodiment, 2 vehicls may include a body; at least one
ireage capture device configured to sequire a plurality of tmages of a area In a vicinity of the vehicle s
data interface; and af least une processing devive The at Teast ove proceasing device migy be confignred
{0 receive the plurality of Iages via the date Interfce; recognize & curve to be navigated based on map
data and vehicls position information, deterraine an initial target veloeity for the vehicle based on at least
one characteristie of the curve as reflected in the map data; adjust a velocity of the vehicle to the initial

target velooity; determine, based on the plurality of bnages, oneor more observed characterisiics of the

cueve; detesnine uo updated target velooity based o4 the ong o more observed characteristics of the

curye; and adjust the velocity of the vehiele to the updated target velocily:

(18] Consistert with the disclosed embodiment, the at least one characieristic of the curve
may wciude an sxpected radivs of curvature for the surve as determined from the map data. The fnitial
target velocity may be deterrained based on the expecied radivs of eurvature for the curve ad -« lateral
acoeleration it The lateral acceleration Hmit may be adjosted based on 2 road width determined based
on the pluratity of images. The one or more ehserved characteristics of the curve may include an actual
radius of curvatare for the curve a5 determitped throngh analvsis of the pharality of imuges. The updated
targel velooity may be determined based on the getoad sadivg of curvatore for the cirve and o laterg)
acesleration Bt The one of more observed charaoteristios of the virve may include 2 rate of change in
art actoal adivg of survature for the ourve as deternined Srough analysis of the plurality of imazes: The

ane oF more observed chamctesistios of the surve may include & degree of banking associsted with the

- curve as determined through analysis of the plurality of images. The one ormore observed charscisnistics

of the curve meay include information, determined through analysis of the plurality of images, relating to
the curve conveved by one or more road signs. The initial target velogity mey also be based ona foesl
tange of the ol Jeast one image vaptwe dovice The attial arget velocity may 4lso be based oi whether 2

wraffic lght is determined to be focated along the cuive. The initial target velocity may also be based on
whethey 4 traffic fight is determined o be located within o predetermined diztancs after the curve,

P20 Consistent with another disclossd embodimens, & method iy provided for navigating 2
vehicle: The method may include acquiring, using o Teast one image capturs device, a pluvality of images
ofan area ina vichaty of the vehicle; recognizing aewrve 1o be navigated based on map data and vehicls
position inforraation; deterinining an initial target velocity for the vehicle based on ot least onig
chavacteristic of the curve as reflected inthe map data; adivsting a velocity of the vehicle to the mitial
target velocity: deterraining, based on the plurality of inages, one or mmore observed characteristics of the
curves defermining an updated target velooity based on the ane or move observed characieristics of the
curve; ad adiusting the velocity of the velicle 1o the updaied target velocity,

(821} Consistert with & disciosed embediment; & driver assist navigation system 8 provided for
o primary vebicle, The system may include st least one image capiure device configured to acquive 2

purality of images of an aven o a vicinity of the primary vehicle; 2 deta interface) and at least ong
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