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Espacenet - Bibliographic data 

f::.1'-/Stt~~rns ~lnd rnt:~ti,1ods ust~~ carnt:~ras to 
providt~ autonor1'1ous na\/i9~3tion ft:~aturt:!S. 
in ont:: irnp!t~rnt::ntationl a !;:1nt:1 t:1ndin~1 
dt:~tf~ction systf~~T1 is prov!df~d for a vt~i,1!c!f~. 
()nt:1 or n1ort:1 processin{J devices 
{:1SSOC!att::d \l-Jith t~-1~2 S'iStt::rn rt"::CE)!\/f._~ at 

k~ast onf~ i~TH:1~1t~~ via a data intt~rfact~. 
df:;v!ce(s) extr(:1ct !ane enciint1 inforn1ation 
frorTl tt·1t:1 road sign(s) !nc!udt~d in tt--;E) 
irna9t:! d~3t~3 and dt:!tt:!rrnine t:at:;t:!d on at 
!er:1st ont~ indicator 01-= position of the 
v-r:1hic!~2\ a distanct~ frorT1 tt--it:1 VE)h!c!t:1 to 

u·1e current !.ane. ·rht:1 processin{J 
dt:~tf~rrnint~~l bflSf~d on t!·1t~ lflnt~ f.~nding 
infon-rit:~tion and ti~1B \/Bhic-le position; 
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Espacenet - Description 

Description of EP3100206 (81) 

A high quality text as facsimile in your desired language may be available 
amongst the following family members: 

CN106462727 (Al US2015210274 (A1) WO2015116950 (A1) CNi 11199218 (AJ 
US2015210275 (A 1) US2015210276 (A'1) US2015210277 (A 1) US2015210278 (A 1) 
US2015210312 (A1) __ US2016'167704 (A'1) __ US2016283807 (A1)_ US2016306361 (A1) __ 
US2019294'179 (A 1 ) __ US2020225681 (A'1) __ 

Page 1 of 72 

The EPO does not accept any responsibility for the accuracy of data and information 
originating from other authorities than the EPO; in particular, the EPO does not 
guarantee that they are complete, up-to-date or fit for specific purposes. 

[0oo ·i] ·T~ht:1 prt~st::nt disc!osurE) rE)!~:1tt~s &1t::n,2r\:1Hy to autonon1ou~1 vt:11·1!ch:1 na\/ifJation and 
~T1ort~ spt~cifical!:/1 to systt~n1s E~nd rnf~thods ti~1at usf.~ ca1T1t~r~ls to pr0\lidt~ autono1T1ous 
vBhic!t~ navit;i;:_~tion 1teaturBt:;. 

ii, E3ack~1round !nforr1'1E~tion 

[0002] i\s tt~cr--inoioQy continu~2s to advancE\ tht~ &1oa! of a luHy autonorr;ous VfJt--;!c::!t~ that 
is capfll:1!t~ 01t nE~vi~1at!ng on roE~d\t1-./a·ys is on ti~1t~ horizon. fJri!T1ari!'-/1 E~n flutonon1ous 
\leh!c!t~ n1r:1y bt~ able to idt:;nth'y its environn1ent r:1nci na\ii{Jr:1te vvithout input 1-=rorn a 
r--1tHTl{:1n op~:rator ... L\utc:n-1or1'1ous \/t:d·1!c!~:s n1ay a!so takt:1 into account a \.•··ar!~2t'l of factors 
~3nd r11akt~ E:lpproprt.:-rtB dt~cisions b~3SE.~d on th0S6 fE:lCtort:; to S~3)'\.:dy and E:lCCuratt:~!y fl~E¾Ch 
an intencied destination. F-or exan1p!e, various otJjects---such as otht:;r vt~!·1ic!es .and 
pt~d~:str!ans---·art:1 ~:ncountt:1r~2d \:v~·1en a v~2r--1!c::!t~ t'lpica!I:/ tra\te!s a roac]v\.•\:l~/ i'.-\utonornous 
drivin9 systt:~rns rna'/ rt:!Cot;1ni.z£~ tht:~SB objE.~cts in a V6hic!£~1s £~n\lironn1t~nt E:lnci t;:_~i\6 
r:1ppropriate and tin1e!y· .action to avoid collisions .. l\ciditionr:1!!y·) .autonornous ciri\iin{J 
s:/stt~r1"1s rnay· idt~ntify' otht~r indicators'"such as trflff!c si~1na!s\ trflff!c si~1nsl and !ant:~ 
rnari\in9s~•that re9u!;:_~tt~ \lt~hic!t:! n1overnt:~nt (6.t].; \A/hen th6 V6hic!t:~ rnust stop anci rn~3'/ 
{:l0, .a speed at vvhic!·1 the ve!·1icie rnust not exct~ed, '.1\li·1ert:; tht~ \iet·1ic!t:; n1ust be 
positiont~d on tht:~ roadvia·y) t:~tc. ). /.\utono1T1ous dri\ling s:/stt~r1"1s rnay nt~t~d to dt:~tt~rrnint~ 
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Espacenet - Description 

F·1c;. SE: is ;:1 flo\:Vc!·1art s~·10\:vin&1 an t"::XE)iT!p!ary proct:1ss for causing ont~ or rr1ort~ 
nav!~1ationa! rt:~sponsf.~s l:1ast~d on a vt:~hicit~ p~lth consistf~nt \~v!t!·1 thf~ disc!ost:~d 

Page 3 of 72 

F:!(3. 5F. is a f!o\t-Jc::h;:1rt s!·10\fv!n~1 ;:1n t::x_t:1rr1p!.ar).: proct~ss for dt:1tt:1rrr1!n!n~1 \:vt·1t:1t!·1~2r a !t~adinfJ 
Vf)hic!t~ is ch~ln9in~1 !anf~s consistt~nt \lVith t!·1t~ disciost~d t~rnbodirnf.~nts. 
F!C3. f:.) is r:1 fiOV\lc!·1art sho\:·vin{J an exf:;~-r;p!ary process 1·\;r cr:1usin~1 one or ~T1ore 
n.a\t!~1ationa! rE)sponst:1s t){:1st~d on stt::rE)O !rr1a~1t:1 .an;:li'iS!s cons!stt~nt \l'-/itt·; tht~ disc!ost::c] 
6rnbodirn£~nts. 
F:ic; .. 7 !s (°:1 f!ovv·ch.art sho-...1\l1n~1 .an exen1pir:1ry proct~ss for C(":1usinQ onf:; or n1ort:1 
na\.•··irJationa! rt~sponst~s bast:1d on ;:1n anaiys!s of tJ1rt~t:: st~ts of irnafJt::s consistt:1nt vv!th 

F!C3. a is r:1 dia!Jrarnrn.atic top \iit:1vv reprt~sentation 01-= an ext:1~-r;p!ary \.let·1icit:; inc!udin~1 .a 
S'-;/Stt~r1"1 consistt~nt \'\lith tht~ disc!ost~~ci t:~~T1bodii-r1t~nts in V./hich ti•1t~ vt~hic!t~1s currt~nt tra\lt~! 

F:ic; .. 9 is a diE:1{Jn.:1n·1n·1atic reprt:;sentation of u·1e rTH~n1ory of an e.xen1p!ary !r:1ne end 
rt~cogn!t!on s~/Stt~rn consistt~~nt VliU·1 tht~~ d!sc!osf~d t~r1"1boci!rnt~nts 
F·icJ. ·1 Oi\ is;:_~ dia9rarnrnatic repret:;t:!nt~3tion of an Bxt~rnp!ary \/Bhic.!t~ inciudin9 E:l lane 
t:=nd rl:1co~1n!Uon s~/st~2n1 ~2ncot.u1tt~rinfJ H·1e end 01~ a travt:1! !an~2 rT1arkt~d by road si&1ns 

F'!() .. ·1 OE3 !Sa cii;:_~~~1n.:·u1'1r1'1E:ltic r1~pr6S£~ntation of E:ln ext:HT1p!~3ry \/ei41ic!t:~ inc!udinQ a h:·u16 
end rt~COQnition S~lStt::iT1 travl::l!n(~ a n1t::asurat)!t~ distanc::~2 bt~t·1ind a !~:ad \lt~t·1ic!t:: 

F!C3. ··i 4i is .a flovvchr:1rt si·1ov\dn~1 r:1n t:;xen·1p!ary process for detern·1inin~1 vvheU·1er a current 
!ant~ in \fvi·1!ch tht~ vt~r--1ic::!t~ !s travt~iin~1 !s t~ndinfJ, cons!stt:1nt \t-J!th tt·1e discios~2d 

F!C3. ··i 3 is .a dia~1rarT1~-r1atic representation of tt·1e ~T1en·1ory· of .an exen1p!ary cirivt~r---assist 
ot)jt~ct d~2t~2ction s~/st~2n1 c::onsistt::nt \:V!H·1 tht:: disc::k.1st::d t:1rT1boc]!r1"1t~nts 
F'!() .. ·1·4/.-\ !Sa cii;:_~Qn.:~r1'1r1'1E:ltic r1~pr6S£~ntation of tv•lO captur6d !r1'1a~1t:~s indic.atin~1 ;:_~n obj6ct 
1-=ound \f'-iithin tt·1e tr.ave! lane an1ont1 a p!ur.aiity of irnaQes captured by an exernpiary 
drivt~~r'"ass!st objt~~ct dt~tt~ction S\/Stt~rn cons!stf~nt Vlith tht:~ d!sc!ost~d t~rnbodin1t~~nts, 
F'!(J, ·14.f:1 is;:_~ dia9rarnrnatic top \lit:~vv rBpresE.~ntation CHt E:ln ext:~rnp!~3ry Vt:!i41ic!6 inc!uciint1 ~3 
systerTl consistent \A/ith ti·1e disclosed t:;n1tJodirr1ents in \A/hici·1 an object is detected vvithin 

F'!() .. ·1 [5 is a fiovvch~3rt sho\A/inQ ~3n £~Xt~n1piary process for dt~tt~rn1inint1 \l'ilflt~ther ;:_~ current 
!ant:1 !n \t-i/hic!·1 tr--1~: v~:h!c!t:1 is trav~:!!nQ is t:1nd!n~1, consistt~nt v.iitt·1 tht:: d!sc!ost::d 

F!C3. ··if3 is .a dia~1rarT1~-r1atic sidt~ \/ievv reprt~sentation 01-= an ext:;rnp!ary \/ehic!t:; inc!udin~1 
an iiT1a&1t:: capture dt~vic~: V\l\th an ~2xt~2nded anrJ!t::•--of-·\/iev./ c::ons!stt::nt \fviti·1 th~: d!sc!os~:d 
6rnbodirn£~nts. 
F'!() .. ·1 7· is a diaQran1r1'1E:ltic top \/it~\l'il repret:;t:!nt~3tion of th6 V6flic!t:~ inc!udin&i tht:~ irna96 
capturt~ dt::\tict~ V\l!th tht~ t~xt~2nc]~2d anrJ!t::-,of.--v!ev.i cons!st~:nt \:Vit!·1 tr--1~: c]!sc!ost:1d 

F!C3. ··i B is .a dia~1rarT1~-r1atic representation of a ~T1en·1ory storin~1 instructions to identify 
ol:1jt~cts !ocatt~ci outsidt~~ of a s!~1ht!int~~ of a typicE~! dr!vt~r location consistt~~nt Vliti·1 tht~~ 

F:ic;. ~19 is a f!ovvchart shov,/inQ an ext~rnpiary process for kientif'yin~1 otJjt~cts ioc.att:;ci 
outski~: of a si~1i·1tJ!n~: of a typical dr!vt~r !ocat!on cons!st~:nt \:VitJ1 u--1~: c]!sc!ost:1d 
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Espacenet - Description Page 4 of 72 

F·icJ. 20 is;:_~ dit:~9rarnrnatic r6presentation of tvvo t:~xBrl1p!ary V6hic!E.~s approt:~chin9 an 
intt:H·-st:1ction \:Vitt'; a p!ural!t'l of traffic !!Qhts consistt~nt \·v·itr--; tht:: d!sck .. )st::d E)~T1bodirT1t~nts. 
F·1c;. 2·1 is a ciiflgrarT1!T1E~t!c rt~prt~~st~ntE~t!on of E~n t~x.t:~!T1p!ar'-/ vt~i,1!c!f~ approachinQ an 
intersection 'J\nU-1 r:1 p!ur(:1!it~/ of traffic !i~1t·1ts cons!stf.1nt \:\/iU·1 the disclosed en1bodin1t:;nts. 
F~!C3. 22 !s a diafJr;:1rnn1atic n~_::pn:1st~ntation of a n1t::rnory storin&1 instructions for dE)tt::ctin&1 

F·1c;. 2t3/.-\ !s a d!~lgra1T11T1E~t!c rt~prl~~st:~ntat!on of E~n t~X.f~!T1p!ary· \lt~i~1!c!f~ inc!uci!ng a tr~lffic 
!!9ht dt:!tt~ction systt:!rn t~nc.ountt:!rin9 E¾n intt:~rsBcbon vvit1~1 ~3 trE¾il!c ii91~1t E¾nd detern1inint1 

F:ic;, 2f)f:1 is ~l dia~1rflrnrnatic rl~prt~st~ntation of an t~xt~n1p!ar-y \/t~hic!t~ inciudin~1 E~ traflic 
!it1ht dE.~tt:~ction S'/StE.~!ll t:~ncount£~rinQ an intt~rsection \Vith a b!inkint;i '/E.~!!ovv !it1ht ~3nd 
dE)tt::rrnininfJ {:1 courst:: 01~ action cons!stt:1nt \t-Jith t~·1~2 d!sc!os~2d t~rnbodirnt:1nts. 
F·1c;. 27· is a f!ovvchart shovving an t:~xt~rnpiary· proct~ss for dt~tt~rrnining tht~~ status of a 
trai1~ic !19ht {~1l a11 intt:!rs6ctio11\ co11sislent vvith tt1t~ disciot:;t:!d 6rnt1odirnt~nts. 
F:!(3. 2a !s an t:=x_E)rr1p!ary b!ock d!aQran1 of .a rnt::rnory confi~1urt:1d to stort:: instructions for 
pt~rforrninQ ont~~ or rnort:~ opt~rations consistt~nt \'\lith d!sc!ost:~d t~r1"1bociirnt~nts 
F!C3. 29.l\ is .an d!ustration of an e.xen1p!ary traffic Ht1ht, consistent vvith disclosed 
t:=rn t)odirnE)nts. 

F:ic;, 30f:1 is ~l t!o\~vcl1art shovvinQ an t~Xt~~rnplflf)l proct~ss for c~lusing fl S~lStt~r1"1 rt:~sponst~ 
b;:_~s6d on u~1B dt~tt~ction of ;:_~n ~3rrovv si9nt:~! in a tra·tlic !!9ht; cont:;istt~nt vvith disclosed 
en1bodirnf:;nts. 

[000t3] ·l'i~1t~ fo!!o\t1-.lin~1 dt~tai!t~d dt~scription rl~ft~rs to tht~ accor1"1panyin~1 cirav~dn~1s 
\/\!l1ert~vf.1r possible, tht:; s.arne referenct~ ntHTlbers art~ used in u·1e drrr•J\nn~is and u·1e 
fo!!O\l'-lin&1 dt::scription to n2fer to tht:: s;:1rnt:: or sirn!!ar parts. \/\fh!!t~ st~\/t::ra! !!!ustrativ~2 
6rnbodirn£~nts are dt:!scribed ht:~rl~inl r1'1odificationsl adaptations and otht~r 
irnp!t:!rn611tat!ons -=-~r6 possible F·or t~xarnpit:! substitutions 1 additions or rnodific;:_~tions 
iT!Ery t)e iT!adt:: to tJ-1e corT1pon~2nts H!ustratE)d in tht~ dravv!ngs\ and u--;E) !HustrativE) 
!llBthods dt:~scrib6d hert:!in rna'/ be il1odifi£~d b:l substitutinQi rt:!ordt~rin9; rt:~rnO\l!n&ii or 
EH.iciin{J steps to u·1e disclosed n1ethods. /~ccordin~J!y) tht~ fo!lo\:·vin!J dt~tr:1iied description 
is not !irnitt:~d to tht:~ disc!ost:~d t~r1"1bociirnt~nts ~lnci t:~xarnpit~s. instt~fld: tht~ propt~r scopt~~ is 
dt:~fint~d b'-/ tht~ flppt~ndt~d c!air1'1S. 
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Espacenet - Description Page 5 of 72 

providt~ autono1T1ous na\li~1ation ff~aturt~s !n \lflrious t~n1bodirnf~ntsl ti'1t~ sy·stt~~rn rnflY 
include onel tvvo or n1ort:~ c~3rn£~ras u~1t:~t rnonitor ti~1B Bn\lironn1t:!nt of a vt:~hic!B. in ont:~ 
t:=rnt)odirnE)nt: tht~ syst~:rr1 rna'l rt::COfJn!z.t:1 \t-i/ht::n .a c]r\\linfJ !anE) V\l\!! t::nd anc], \:Vt'1t:1n an t:=nd 
is df~tf~ctt~~ci, rnfli\f~ a rl~~sponsivf) nE~vi~1ationa! chanQt~J such E~s a lflnf.~ chE~n~it~. f~atht~r 
than re!yin{J on n1ap d(:1ta to n1akt~ this df.1tf:;rrn!nation, thf:; systen1 ~Tlr:1y opt~ratf:; b(:1sed 
so!t::!,.y on \t!sua! !nforr1'1ation. F·urtht~r, \t-Jhi!~2 t~~1t:1 systt::rn r1'1;:1y· rt~GO(~n!zE) an t:1nd 01~ {":1 !;:1nt:1 

b~l dirt~ct obst~~r\t~:rt!on 01t th£~ !E~nt:~ f~ndin~1. tht:~ systt~n1 !T1t:1'-;/ rt~cognizt~ fln approachinQ 
!.ane end soont:;r by; for t:;x(:1n·1p!e, observin{J and recot1nizin!J ro.aci si{Jn r:1ierts that 
pro\ddt:: infon-r1at!on rt::(~ardin&1 a !an~2 ~2nd!ng. !n anotht::r t:=rnt)od!iT!t:1nt, tht:: systerT1 rna,.y 
d£~tt:~rrnin6 the prt:~sBnc6 01t obst;:_~c!E.~s !n a ro;:_~d\VE:l1:l vvht:~rB tt&1ose obst;:_~c!E.~s ha\lt:! ;:_~ h6!9ht 
of iess than, for exan1p!e, 4i O c~T1. !n anotht:;r t~rnbodi~T1ent) tht~ sy·sten·1 rnay· viev-i anci 
rl:1c::0~1n!zt~ tra·flic i!fJhts !ocatt::c] abO\/t:: a \it::~·1!c!t::. !n anothE)r t::iT1bod!rr1ent, tht:: s:/sterTl 
rTH:~y r£~co9nizt:! E:l tra1~lic !it;iht and itt:; st3tus fron1 t:~n1on&1 a p!uranty ot tratfic !i9t&1ts anci 
cause a navi~1at!ona! ci·1ant1e based on u·1e status 01-= u·1e traffic Ht1ht (e.{J-1 discontinue 
cruisf.~ and CflUSt~ br~li\in~1 vvhf~n a rt:~d light is rl~~co~1nizt~d) F~or t~xa!Tlp!t~~: t!41t~ sy·stt~~rn n1fl\/ 
reco9nizB \A/hicl1 of tht~ in1aQed tr1lflic. !!9htt:; art~ rt~!E.~vant to the vei41ic!6 ~3nd respond only 
to thost:; traf-fic !i~1hts dt~tt~rrnined to bt~ relevant. ! n r:1noti·1er en1bodin1t:;nt; u·1e sy·stt:;rn 
rr1ay rt:~co~1nizt~ a turn !~lnf.~ traffic Hght and its st~ltus bast:~d on ~lna!y,sis 01t road contf~xt 
inforrnation cor11bined vviU&1 d£~t£~nl1int:~d chE:lractt:!ristics cnt U41e !it1ht. !n anoth6r 
t:=rnt)odirnE)nt: tht~ syst~:rr1 rna'l t:=rnp!oy ;:1 supt:1r r~:so!ution tt:1c::hn!qut:: to n2co(~nizt:: and 
ana!yzt~~ traffic ii~1i~1ts F~or t~x~:HT1p!t~~

1 
t!41t~ ~?{Stt~~rn n1fl:l distin~1u!sh bt~t\•\lt~~f.~n round and 

arrovv shE:lpE.~d traffic !i&ihts. 

[OOOB] F:ic;. ·1 is a b!ock di~lgrarT1 rt~~prt~st~~ntation of a s:/stt~rn ·100 consistt~nt vvith tht~ 
ext~rnp!r:1ry disc!ost~d e~T1bodirT1ents. ~)ysten1 4100 n1ay include various co~-r;ponents 
d~:pt~ndinfJ on H'H:1 rl:1qu!n2rT1t~nts of a particular !rr1p!~:iT1entat!on. in sorT1~2 ~2n·1bodin1t::nts1 

S'-;/Stt~rT1 ·100 nlflY inc!udt:~ a proct~ssin~1 unit ·1 ··i 0, fln i!T1a~1t~~ acquisition unit ·1.20) a 
position sensor ·1 :.:10) one or ~T1ore rT1en1ory units ··i ~4-0, •4150, a rnap database ·1 f:.)0, anci a 
us~2r !ntt~rlact:: ··i. 70. F'roct::ss!n~1 unit ··1·10 rr1ay !nc!udt:: one or rnon2 proct::ssin~1 d~:\dct~s 
In sorn£~ t:~il1bod!r11t~nts1 proct~ssin9 unit ·1 ·1 O rnay inc!udt~ an ;:_~pp!ic.abons procBssor ·1 B01 

r:1n irna{Je processor 4190, or any otht:;r suitable processin{J device. ~)irniir:1riy; in1a{Je 
acquisition un!t ·120 rna,.y !nc!udt~ any nuiT!bt~r of !rr1a~1t:: acquis!t!on dt::vic::~2s and 
cornpon6nts dt:~pt:!ndin&i on U41e r1~qu!rt~n1ents of a particular app!ic;:_~tion. in son1t:! 
erT1bodin·1ents, i~T1a!Jt:; acquisition unit ·120 ~T1ay include one or rnore in·1a~1e capture 
d~~vit..-t:~b (e.~1., c-d:l:t~id~-s)J such as in·1~lQf.~ capturt~ dt~r,/!Ct~ ·122: in1a~1t~ capturt~~ dt:~vict~ ·12.4) 
and irna9e c;:_~ptur1~ devict:~ ·12t). ~3;ystt:!n1 ·100 rnay also inch .. H.it:~ a data !nterfact~ ·128 
con1n1unicr:1tivt~!y· connt:;ctin!J processin~1 de\1ice ·1·410 to irn-:.:1Qe acquisition device 4i 20. 
F·or t~x~ln1p!t~\ data intt~rfact~ ·12a rnay !nc!udt~ an:/ Vlirt~d ~lnd/or \:\lirt~if.~ss !in~\ or !inks for 
transrnittin&i !r11a9t:~ data acquirBd by in1aQB accusation dt:!\dc.£~ ·120 to processin9 unit 

41·10. 

[0009] E3oth applications processor 4180 and in1r:1~1e proct~ssor •4190 rT1ay· inciudt~ \iarious 
l'lPt~s of pP)Ct~ssin&1 (it::v!t:es. For ,2xarnp!t~ t:1itht::r or boH--1 01~ appHcations proct::ssor ··1 ao 
and in1;:_~t1B proct:!ssor ·190 il1ay include a n1icroprocessor 1 preproct:!ssors (suci 41 as an 
irna9t:! pr6processor) 1 9raphics proc.£~ssort:;1 a c6ntra! proc6ss!n~1 unit ((2:FJLJ)i t:;upport 
circ::u!ts) d!&1ita! s!fJna! proct::ssors\ intt::fJrat~2d circuits; rrH:1rT1ory·, or any otht~r typ~2s of 
dt:!vicE.~s suitab!B 1\)r runnint;i app!ic;:_~tions and for in1E:lt1£~ proct:!ssin9 E:lnd an;:_~!yS!S. in 
son1t~ ernbodirnents, r:1pp!ications processor ·1 eo and/or in1r:1~1e proct~ssor •4190 rT1ay· 
inc!udf.~ an~/ t\/Pt~ o-f sin~1!t:~ or rnu!ti~--cort~ procf.~ssor\ rnol:1i!f.~ cit~\liCf~ rnicrocontroi!t~r 
ct~ntra! proct~ssin~1 unitl t~tc. \/~lrious procf~ssing dt:~vict~s rT1a~/ bt~ usf~d, including: -for 
exan1pie) processors H\iaHr:1bie frorTl rnanufacturt~rs such as inte!Q~), i~fV1[)Q~}; etc. r:1nd 
iT!a,.y !nc!udt~ various architt::ctur~:s (t::.~l-, x8f3 proct::ssor, /\.F~fv1Q~); t~tc::.). 
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Espacenet - Description Page 7 of 72 

[00·1-4] E:ach rT1t~n1or\/ ·1.40) ··i 50 ~T1a·y inc!udt~ softvv~lrt~~ instructions t!'1E~t Viht~n t~~x.t:~cutt~d b~/ 
a processor (6.t]., appiic~~tions proct:!ssor ··! 80 anci/or irna9e procBssor ·190)1 r1'1E¾Y 

control opt::rat!on of various aspt~cts of systt:1rT1 ··100 ·T~t,1t:1s~2 rr1~2rT1ory· un!ts rT1;:1y· inc!udE) 
Vflrious datfll:1ast~s ~lnd !1T1a~1f~ proct~ssinQ soft\~\·•·art~. ~fhf~ n1t~~rnory· units rnay· inc!udt~ 
randorr; acct:1ss n1t:;rnory, re.ad on!y n1ernory; flash n1en1ory; disi\ drives, opticr:1! ston.:l~1t:\ 
tap~2 ston_:1&lt::: r~2n1ovab!t:: stora(~t:1 {:1nd/or an,.y ott'1t:1r t:/PE)S of stora~1E). in sorr1t~ 
t~rr1bociirnt~nts, rnt:~1T1or-y units ·1.40: ·150 rnay l:1t~ Sf.~paratt:~ frorn tht~ E~pp!ications procf~ssor 
·1 BO (°:1nd/or in1.at1e pn:.;ct:;ssor ~1 $:)0. In other erT1bodin·1ents, tht:;se n1erT1or~/ units fTla~/ be 
intt::Qratt~d into applications proct~ssor ·1 BO and/or !rnaQt~ procE)ssor ·1 ~)0. 

[OO·l 5] F~osition st:;nsor ·1 ~)0 rn.ay· include any type of devict~ suitab!t:; for dt~terrninint1 a 
location associatE)d \t-i/!th at 1~2ast ont:: cornpont::nt of s,.ystE)!T! ··100. !n son1t:: t::rnbod!!T!t:1nts, 
position sensor ·i 30 r11ay include a C3F'E1 r6C-£~h/t:!r. ~3uch rect:!h/Brs c.an dt:!tt:!rrnint~ a ut:;t:!r 
position r:1nd velocity by processin{J sit1r1a!s bror:1dcasted b~/ Q!OtJa! positionin~1 systen1 
Sfltt~i!itt~s-fJosition infonT1ation 1~ron1 position st~nsor ··130 r1'1E~~/ bt~ r1'1~ldf.~ avE~i!abif.~ to 
~3pp!ict:~tions procet:;t:;or ·1 BO and/or irnatie proc6ssor ·1 t~O. 

[00·1 t3] lJst~r intt~~rtflCt:~ ··1 ·70 r1'1E~y inciudt~~ any cit~\liCf~ su!tab!t:~ 1\:)r prov!dinQ irn\:)rn1ation to 
or for rect:~ivint;i inputs fron1 one or n1or6 us£~rs of t:;'/St£~r11 ·100. !n sornt:~ t:~rnbod!r11entt:;I 
ust::r intt:1r·fac::e ·170 n1ay !nc!udt:1 us~2r input dt:1vict::sl !nc!udinfJ, 1~or t~xarnp!t::l a 
touc!·1scrf.~t~nl rr1icrophorH:~: kt~yboE~rl"'Jl pointf.~r dt~\.dct:~s: track vvht~f~!i\ carnt:~ras\ i{nobs 
buttons 1 t~tc. V\lith such input ch:~vic6S1 a ut:;t:!r r11E:ly be ~~l::!t:! to proviciB inforn1ation inputs 
or corr1!T1ands lQ s,.ystt::!T! ·i 00 t):l t~/pin~1 instructions Qr in1~orn1ation, prO\lidin~1 \iO!c::e 
co1T11T1ands: st~!t:~ct!n~1 f1'1t~nu options on a scrt:~t~n usin~1 buttons, pointt:~rs: or t~~/t~~'"tr1lci\in~1 
capabi!itiesl or throu~1t·1 .any 0U·1er suitable tecJ1niqut:;s for con1n·1un!catin~1 infor-rT1ation to 
systeri-1 ·100. 

[OO·l 7] L.Jser interfact:; ··i 7\) rT1ay tJe equipped \:·vith one or rnore proct:;ss!n~1 devices 
confi~1un:1d to pro\...-!c]e and rt::c~:i\lt~ inforrnat!on to or frorn ;:1 ust::r and proct::ss that 
inforrnation for us£~ by: for BXE:ln1piel app!!CE:ltions proct~ssor ·1 BO. in son1t:! t:!rnbodirnt:~nts1 

such processint1 de\lict:;s n1ay t~xecute instructions for reco~1nizin{J and trackin{J e"/e 
n10\/t::rnt:1nts, rt~ct::ivinfJ and !ntt::rpn2tin(~ \/Oict~ c::on1r1"1ands, rt::c0Qniz.in~1 and !ntt~rprt:1tin~1 
touc1·1Bt:; and/or 9t:~stur1~s rnadt:! on ~3 touc1·1scrBt~nl respondin9 to i\t:~ybo~3rd £~ntrit:!S or 
rnenu se!ectionsl etc. ! n soiT;e en·1bodin1ents, user interfact~ ··i 70 1T1ay !nc!ude E:1 display; 
spt~a~\t:~r: tacti!t~~ dt:~vict~J and/or flny· othf.~r cit~\liCf~s for providinQ output in1~orrnation to a 

[00··1 aJ i\l1ap ciatabasf.~ ·1 (30 rn~ly inc!udt:~ any· t:iPf.~ of datab~lst~~ for storing n1flP data ust~fu! 
to systt:HT! ·i 00 .. !n t:;orn6 ernl::odirn£~nts: n1~~P data bast:~ ·1 t:10 r11E:ly inciud6 data r"t:~!~~tint;i to 
tt--;t:1 pQs!t!on\ in a r~:f~:renct:: coorcj!natt:1 systt~rn. o·f \iar!Qus !tt~n1s, !nc!ucj!nrJ roads \/v·att~r 
ft~~aturt~s\ gt~ograph!c 1~t~aturf.~s, businf~SSf.~s, points of intt:~rt~st: rt~stE~urants: ~1as stations: 
etc. tv1ap dat3bE:lse ··! t)O rnay stort:~ not only the !oc~3tions of such it£~n·1s: but ~~!so 
d~:scriptors re!atin&1 to those !tt:1rr1s, !nc!ud!n~1; for ~:xarr1pit:1, narr1es assoc!at~:d \t-i/ith any 
of u·1t~ stort:~d ff~aturt~s !n sornf~ t~HT!l:1odi!Tlt~nts, n1flP databast:~ ·1f30 r1'1~lY' bt~ p!·1y·sic~lHy 
!ocatBd vvitt&1 otht:~r cornpont:~nts of S'/St£~!ll ·100 .. /..\lt£~rn~~tiv6!'/ or addition~3!!:l; rnap 
database ·1 t30 or a portion t!·1~2rt~of rr1a:/ bt:: located r~2n1ott~i·'l \:VitJ1 r~:spt~ct to ott--;~:r 
co1T1pont~nts of s~/Stt~rn ·100 (t~~,~1,\ proct~ssinQ unit ·1-·i 0). in such t~n1bodirnf~ntsl 
ir11·\1rrnation fron·1 rnap database ·1 f:.)0 n1ay be dovvn!oacied ovt:;r .a vv!red or V•iirelt~ss d.at.a 
connt~ction to a nt::t\fvork (~:.g., ov~2r a cenu!ar n~:tvvork and/or tht~ !ntt:1r-r1t::t ~:tc ). 

[OO·l 9] i n1.at1e capturt~ de\1ices ·122, ··i 24, .and ·12{3 rna,y t:;ach inc!udt:; .any type of dt:;v!ce 
suitable for capturin(~ at k::ast one !rr1a~1t:11~rorn an t:=n\liron!T!ent. !V1or~:o\lt~r, an:/ nurnner 
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Espacenet - Description Page 11 of 72 

[003t3] !rnaQt~ CE~pturf~ df.~\liCt~~s ·1.22) ··124, and ·12f3 rnay l:1t~ !ocatt~~d on vt~hic!t~ 200 at fln'-/ 

suit~1b!e re!ativt~ t1t~i&1hts. !n one instanct~ th£~re rTH:~y bt~ a ht:!it;iht difh:~renct:~ bBtV•lt~en tht:~ 
irnaQt~ capturE) dt:1vict::s ·1 .22) ··12.t:l-, and ·12l:1, \:V!·1!c:J-1 r1'1;:1y· prov!dt~ sufflcit::nt pan.:1!!{:1x 
infonTH:ltion to t~nab!t~~ stt~rl~G an~l!':/S!s. F·or f.~xEu1·1p!t~\ as shovvn in F:!(? 2/.-\ 1 U

4

1t~ tvio 

!rTlr:1~lf:; capture devices ·t 22 r:1nd 4124 arf.1 .at differt~nt hf:;!!Jhts. ·rhf.1re !Tl(:1y (°:1!so bf:; .a 

!at~2ra! c]!sp!act~nlt~nt diflt~rt::nc::~2 bt~t~'\:'t::t:1n !n1;:1(~t:1 capturt:: dE)\t!ct~s ·12.2, ·12-4, and ·12f3: 
Qivin~1 additional pflraHa.x inton-r1at!on for stf~rt~o ~lna!ysis by proct~ssin~i unit ·1 ·1 Ol for 
exarnple. ·l~he ciif-ft:1renct:; in the lateral d!splacen1ent n·1ay be dt:;noted by dx

1 
(°:1S st·1ovvn in 

F·1c;~;. 2c:: .and 2f) !n sornt:: t::rnbod!rr1t:1nts, fort:: or ;:1ft dispi.ac::~2rT1t~nt (t~.fJ., ranQt~ 
d!sp!~:1cBrT1t~nt) r11ay Bxist betvvt:!6n !rT1at1f~ capturt~ devicBt:; ·122 l ·1 :t41 ~~nd ·12f3. F·or 
exan1ple) irna{Je capture de\lict:; ··122 rT1a~/ be located 0.5 to 2 n1eters or rT1ore bt:;i·1inci 
!rT1a~1E) capturt~ dt::v!ce ·124. and/or !rT1a~1t:1 c.apturt~ dt::vic::~2 ·12f). ·-ri·1!s type of dispi.ac::erTlt~nt 
!llt:~'/ £~nal::!t:! onB ot the irn~3t;1t~ capturf~ dB\lices to covt~r potential b!!nd spots of th£~ oti·1Br 
in1at1e capturt:; de\1ice(s). 

[003 7] i n1~~t1£~ c.apturt~ de\t!cet:; ·122 rna:-l hav"f.~ any suit~~l::!t:! rt~so!ution c~3pE:lb!Hty (B .. t;l 1 

nunibt:;r 01-= pixels associated vvith t!·1e in1r:1~1e sensor); and tht~ resolution of the in1.at1e 
Sf.~nsor(s) ~lssoc!E~tt~d \'\lith tht~~ irnaQt~ c~lpturt:~ dt~\liCt~~ ··i.22 ~T1a·y bt~ hi~1ht~rl !o\~vf.~r, or tht~ 
st:~rT1t~ as u·1B r1~so!ubon of u·1£~ !rT1at1t:~ s6nsor(s) at:;t:;ociatE.~d vvith irn~3&1e captur6 d£~vict:!s 
··i.2-4 and ··i.2f3. !n son1t:: t:=rnt)odirnt:1nts, tht~ in1arJ~2 sensor(s) assoc!att~d \fv!!t1 h-r1a&1t:: 
Cflpturf.~ dt~\.dct:~ ··122 ~lnci/or irr1a~1t~~ capturt~ dt~\.dct:~s ·124 ~lnd ·12f) rn~ly ha\/t":~ a :\~~solution 
01{ f:14-0 x i}fiO) ··! 024-x 'lt)B1 ·12eo x 9t30, or any otht~r suit~~b!t~ rt~soiution. 

[003B] ·l'i~1t~ frarnt:~ ratf~ (f~.g., tht:~ ratf~ at vvh!ch an in1a~1t~ capturt~~ dt:~v!ct~ ~lcquirt~~s fl st~t ot 
pixel dr:1tr:1 of ont~ irnaQe fran·1e befort:; n1ovin~1 on to capture pixel data associatt~d '.1\liti·1 
tht~ nt::x.t !n1a(~e frarnt:1) rn.frl bt:1 contronab!e ... rht:: frari-1t~ rat~2 associatt:1d \Al!th !n1afJt~ 
Cflpturf.~ dt~vict:~ ··122 ri-1E~~/ bt~ hiQht~~r1 !ov•Jt~r\ or tht~~ Sflrnf~ as tht~~ frari-1t~ rE~tt~ E~ssociatf.~d 
vviU-1 in·1a~1e capture dt~vices ·124. and ·12f3. ~r1·1e frarT1e rate associt:1tt:;d vvith in1r:1~1e 
capturt~ dt::\tict~s ·12.2: ·12~4, and ·12f) n1ay dE)pt~nd on a \/ar!E)t~/ of factors that rn.a,.y .aflt~ct 
u·1B tirn!nt1 01{ u·1B 1{rarnt:~ rat6. For t:~xan1pi£~) one or rnort~ of iil1a96 capture dt:!vic.£~s ·1221 
·121l, and ·12t"s n1ay include a selectr:1ble pixel delay period in1posed bt~i\Jrt:; or ::_:.n-=ter 
acquisition of h-r1a&1t:: data .associatt::c] vv!th ont:: or n·1on~_:: pix~2is 01~ an in1arJ~2 sensor in 
irna9t:! c{~1pturE.~ cie\liC6 ·i 22 ·124.l and/or ··! .2t:1 .. c;t~n£~ra!iy1 irn~3&1t~ dat~~ corr6sponciint1 to 
each pixel rT1ay· be acquired accordin{J to a clock rate for t!·1e device (e.tl-: one pixel per 
c!oci\ <.'.:";/C!t~). / .. \dditionfli!·y) in t:~1-r1bod!ri-1t~nts inciudin~1 E~ ro!i!ng shuttt~~r1 onf~ or n1ort:~ of 
in1at1£~ c.apturt:! d6\/!ces ·1221 ·12.4: and ·12t) n1ay inc!udE.~ a st:~!t:!ct~~b!t~ horizont~~! b!ani\in9 
pt:;r!od irnposed before or aftt~r r:1cquisition of ii-r1a!Jt:; data associatt~d '.1\liti·1 a ro\:·V of pi::-(els 
of an irna~it~ st~nsor in !1-r1a~1f~ capturt~ dt~vicf.~ ·1221 ·12.4: ~lnd/or ·12f). F~urtht:~r: ont~ or rnort~ 
01{ in1~~t1B c.apturt:! d6\/ict~s ·12.21 ·12.4) and/or ·12t) rna'/ inc!udB a SE.~!t:!ct~~b!t~ vt~rtic~~i 
b!ank!n(~ period !rr1post::d bt~fort~ or aftt:1r .ac::quis!t!on 01~ !ri-1age data associatt:1d \Al!th an 
!ri-1E~gt:~ fr1ln1f~ of in1fl~1t~ capturt~~ df~v!ct~ ·12.2, ·1 _2,:-\ and ·12(3. 

[00~19] .. rht::SE) t!n1in&1 c::ontro!s n1ay t:=nab!e sync::hron!zation of frari-1t~ rat~2s associatt:1d 
vviU·1 irna96 captur1~ cit~\liCE.~s ·122 ·124, anci ·12t) £~ven vvi·1Brt~ tht~ Hne scan rates of 6ach 
~3rt:~ ciih\~~rBnt. /~dciitiona!!'/1 as \:Vii! bt~ discussBd in t1rt:~atBr dt~tai! t:e!o\:vl th6S£~ st:~!t:!ctab!t~ 
tirn!n~1 controls, arnon&1 otht::rfactors (t:1.fJ-1 !ri-1agt:1 st:1nsor rt~so!ut!on, ri-1axirnurr1 !int:: scan 
ratp~:;, etc .. ) rn~3y 6nabie synchroniz~~tion ot irna9t:! captur'E.~ 1{rorn an ar'E.~a vvh6rl~ th£~ F.-C)\/ 
of !n·1a~1e capture device ·122 overir:1ps V\dt1·1 one or n·1ort~ FC)\/s of !rT1a~1e capture devices 
·t2-4 and ·t2f\ t:~vt~n vlht:~rt~ u~1t~ fif.~!d of v!t~\;\l of in1a~1t~ capturt~~ dt:~v!ct~ ·122 !s ci!·flf~rf.~nt frorn 
tht~ F()\/s of !rr1a~1f~ capturt~ dt~\dCf.~s ·12.4 ~lnd ·12t3, 
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[005-4-] f..\s ciit:;cussed abov6 1 S'/Stt:~!Tl ·100 r1'1E:l1:l providt~ dri\lf-..~ assist func.tion;:_~!ity that ut:;t:!S 

a rT1u!ti-,carr1fJr;:1 systt:1~-r1. -rht~ rr1uiti.--carrH:1ra S~lStE)~T1 n1ay usE) ont~ or rr1ort~ c;:1n1t::ras 1~ac!n~1 
in thf~ 1~or\~vard dirf~ction of a Vf~hic!t:~. in otht~r t~n1bodirnf~ntsl ti~1t~ ~T1u!ti•"carnt:~ra S'-/Stt~~rn 
rnay· inc!uch~ onf.1 or n1ort:1 carr;eras facin~1 to u·1e sidt:1 of a vehicle or to tht:1 rt:1t:1r of tht~ 
v-r:1hic!~2\ !n ont:1 t:1rr1bod!rr1t~nt, 1~or t~xarnp!t::l S'iStt::rn ··i 00 rT1{:1y ust~ a tvvo--can1t::ra !rT1{:1~1in&1 
S'-/Stt~~rn l vvhf~rf.~ a first Ci:1rr1t~ra flnd a st~conci c~:HTH:~rE~ (t~. Q.: irna9t~ Ci:1pturt~~ dt~vict~s ·122 
r:1nci ~12.4) n1ay bt~ positioned at thf.1 front and/or thf:; sicies of .a Vf:;l·1ic!f.1 (f.1.~1.1 vehicle 200). 
--rht~ first carnE)n_:1 rnEry ~·1a\/t~ a 'flt~id of \l!t::\t-i/ u--iat is ~1rt::att:1r u--ian) !t:1~1~1 u--ian or partiai!~l 
O\lf:~r!appin&i \A/ith1 th6 fi6ld of viBvv of th£~ st:~cond carnt:~n:~ .. in E¾ddition1 tht~ t!rst c~~rn6ra 
rnay· be connf.1ctt:;d to a first irrir:1!Jt~ processor to perforn·1 rnonocuiEH' in1at1e an.aiysis of 
!rT1a~lE)S provkit:1d by tt·H:1 first f::an·1t~ra: anc] thE) st::cond G;:1rnt::ra rnEry t)e connt:1ctE)d to a 
sBcond ir11a96 processor to pt~rforn1 rnonoc.u!ar irn~3t;1t~ E¾na!yt:;is of !r11a~1t:~s prO\lidE.~d by 
u·1e seconci C(:1n·1era. ·i--~he outputs (e.Q.; processed in1·\1rrnation) of the first and st~cond 
irnaQt~ proct:~ssors rnay l:1t~ corT1bint~d, In sornf.~ t:~1T1bodirT1t~nts\ tht:~ st:~cond irnaQt~ 
procet:;t:;or r11ay rect:!h/£~ !r11a~1t:~s frorn both tht:! t!rst carnt:~ra and second cEu1·1t:H--·a to 
perforn·1 stt~reo an.a!ysis_ !n i:.1nou·1er en1bociin1t~nt. s,yst-t:;~-ri ··i 00 rT1ay· use a u·1ree-~-c.arnera 
in·1ag!n~1 S~lStf.~!T1 vvht:H\~~ t:H:1ch of tht:~ carnf.~ras hflS ~l difi\~rt~nt fit~!d of \lit:~vv. Suc!·1 a systt~n1 
!lla'/) ther"t:~for1~) rnakt:~ dBcisions bast:~d on in1\)rrnation derived -frorT1 objt:~cts !oc.atE.~d at 
\.•··ary·in&1 distances both for\:vard and to tht:: sid~2s of tht:: \/t::!·1!ciE). F~t:n'\:H·l:1nct::s to 
n1onocu!ar !1T1a~1t:~ ana!\/S!s rna'-/ rt~~ft~~r to inst~lnct:~s \Alht~rt:~ irna~1t~ flna!y,sis is pt:~rtorrnt:~d 
based on irna9es c~~pturE.~d frorn ~3 sin9!t:~ point of \t!evv (t:!_9_) fron1 a sint]lt~ can1t:!n3). 
Stt::r~:o !rT1agt:1 ana!,.ys!s iT1Ery r~:f~:r to instances vvht::rt:1 !rT1a~1t:: anaiys!s !s pt:1rfonT1~2d bast:1d 
on tvvo or ~T1ort~ in1fl~lt~s capturt~ci Vlith ont~~ or rnort~~ variations of an irnaQt~ capturt:~ 
p.ararT1eter. F.-or exarnpie1 captured i~T1a!Jt~s suit.ab!t:; for perforn1in{J stereo in1at1e 
ana!~/sis n1ay !nc!udt:1 !rT1a~1t::s captun2d·. frorn tV\lO or rT1ort:: dh.:lt~rt::nt pos!t!ons\ frorT1 
drh'\:~rt:~nt fit~~!ds of vif.~vv using d1h\~~rt:~nt focal !t~n~1u·1s. iliong \~vit!·1 par.;;d!-~x inforrnation t:~tc, 

[0055] F~or t::x.arT1p!~:: !n ont~ ~2n1bodin1t::nt1 s,.ystt::iT1 ··i 00 rT1ay !rT1pit:1rT1~2nt a tt·1rt:1~2 carTlt~ra 
confi~1uration us!n~1 irnat;1t:! CE¾pturt:~ dBvic6s ·! 22., i 2t:1. in such-=-~ confi&1uratio11 irna9e 
capture de\lict:; ··i 22 rT1ay· pro\iide a narrovv fieid of v!evv (e.~1 .. , (11l cie~1rees, or other 
va!ut~s s~2i~:ct~:d frorn a ranQt~ of about 20 to .t:1-5 d~:Qrt~t::s: t~tc.)l in·1agt:1 capturt~ dt::vic~2 
·12.4 il1ay provide a \:Vid£~ 1{i£~!d 01-: \/it~\l'il (e.~1-1 ·1 [50 detiret:!S or other v~~iut:!S st~!E.~ctt:~d frorn a 
ran~1t:; 01-: about 4i 00 to about ·1 BO cie~1rees), .and inlH{Je capturt~ de\tice ·12{3 rnay· provide 
an intt~rrnt:~diatt~~ fit~!d o-f vif.~vv (t~. Q.: 4f3 df.~~1fl~t:~s or otht:~r va!ut:~s st~~!t~ctt~d -fror1"1 a ran~it:~ of 
about 35 to ~~bout t30 dt:!Qfl~t~s)_ In t:;on16 6rnbodir11Bnts, irna9t:! CE¾ptur1~ devic6 t2t) r11ay 
act as a rn.ain or prirn-:.:1r}l carnera. ! n1a~1e capture dt~v!ces ·122~, ~12t) n1ay bt:; positioned 
bt:~hind rf.~ar'\lit:~vv ~T1irror 3·10 and pos!t!ont:~d substantially sidt:~~,b:/--sidf.~ (f.~.~l-1 f3 crr1 apart). 
F'urtht:!r; in S(H1·1t:! t:!rnbodirnt:~nts1 E¾S discussBd E¾bove1 ont:! or rT1ort:! of irT1E¾~1£~ capturt~ 
dt~vic~:s ··122.--··i 2f3 rT1ay bt~ rT1ount~:d bt~t--iind ~1!art~ shit:1!d ~180 tt·;at is flus~·1 \:V!tJ1 tr--i~: 
vvincishit:~!d 01-: \/f.~hic!t~ 200. ~)uch shit~!ding n1fl:l ~lct to n1inirnizt:~ tht~~ irnpact of an:/ 
reflt:;ctions frorn inside U1t:; car on irr1r:1!Jt~ capture de\ik:es 4i 22-~--4l 2f3_ 

[005*':)J in E¾notfler Bn1bodin1ent1 as discusst:~d abO\/£~ in conn£~ction vvitt'l F·1c;~:;_ 3t3 ~3nd 
3(: 1 ti

41B \:Vid£~ 1-:it:~!d of \/!t~vv carn6ra (£~.&l.1 in1~~t1B c.apturt:! d6\/!Ct~ ·12.4 in tt'1£~ abovt:~ 
exan1p!e) iT1ay b~2 rT1ountt::d !o\:v~:r than u--i~: narro\:V and rT1a!n lit::!d of vh:1vl can1t::ras (t::.g., 
in1E¾t1£~ devict:~s t22 and ·12C1 in the ~~l::ovt~ t~xarnpk:! )- ·rt'HS c.onfi9urabon n1~~y pro\t!de ~~ 

free line of sit1ht 1-:rorn U-1e \:·vk.ie field 01-: vit~vv carr1era_ ·ro reduce reflt~ctiont\ tht~ carnt:;ras 
n1flY bt~~ n1ountt~d c!ost:~ to tht~ \'\lindsh!t~!d of \lt~h!c!t~ 200) and 1T1a:/ inc!udt~~ po!flrizf.~rs on 
tht~ c~lrnt~~ras to darnp rt:~f!t~ctt~d !i9ht. 

https://worldwide.espacenet.com/publicationDetails/description?CC=EP&NR=3 l 00206A.. 10/11/2021 
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t~XE~n1p!t~ sornf.~ t:~1T1bod!r1"1t~nts !T1t:1'-;/ inc!udt~~ fln abi!it:l to va!id~ltt~ t!·1t~ dt~tt~ction of ol:1jt~cts 
by one carnt~}rt:~ bE¾Seci on dt~tt~ction rt:~su!ts 1-::rorn ;:_~notht~r can1t:!r~3. !n tht:~ thr6B c.ar11er;:_~ 
confi[Juration cj!scusst:1(1 abovr--.1\ prot:,2ss!nQ unit ·1·10 n1ay int:iudt:1\ lor t~xarnp!t~. thrt:1,2 
proct~ssin~i cit~\liCf~s (t~~,g,\ thrf~f.~ E:'-/t":~(~ st~rif.~s of proct~ssor chips: ~ls discusst~d ~lbovt~)\ 
vviU-1 each processint1 ch~\iict:1 dedic(:1tt:1d to processinQ in·1a~1es captured by one or rnore 
of irn.aQt~ capturE) c]t:1\l!Ct::s ··i 22·-·1 .2l:1. 

[005£3] !n r:1 three can1er.a systen1, .a first processin!J dt~vice !Tl(°:1y receivt:; irTl(°:1!Jt~s fron1 
bott,; tht:: n1a!n C{:1rT1t~ra and H'H:1 narrovv lit::!d of v!fJ\:V c;:1n1t::ra, and pt~rforn1 \/!sion 
procet:;t:;in&i of tht:! n~3rrovv F"C)\l ct:·uT1t~ra tf..\ 1\)r t~xarnpk:!l dt~tt~ct 0U&1er \/Bhic-lesl 
pedt:;strians, !ant:; n1.ari"\.S; traffic si~1ns, tratlic H{Jhts, and otht~r road objects. F:urther, the 
first proct::ssin~1 dE)\dct~ rT1a:/ c::a!cu!att~ a disparity of pb<fJ!s bt::t\:Vt:1fJn tht~ in1afJf~s frorr; tht:: 
r11ain carnt:~ra and the narrovv cc.·H1·1t:!ra ~3nd creatt:! ;:_~ ~)[) recont:;trucbon en-: U&1B 
env!ronrnt:;nt 01,: \tehicie 200. 'rhe first processinQ de\ik:e rnay· tht~n ccHTlbine the 3[) 

rl~construct!on \Aliti~1 3[) rnap d~lt~l or vvith 3[) intonT1at!on ca!cu!att:~d b~lst:~ci on 
infonl1ation fron1 anoU&1£~r c.ail1Br;:_~_ 

[005B] ·l'i~1t~ st~conci proct~ssin~1 dt~vict~ rnay rt:~ct~ivt:~ irna~1t~s frorT1 rna!n c~l:T1t:~ra and 
pt:!rforn1 vit:;ion processin9 to dt~tect ott&1Br \/£~hic!Bt:;I pE.~destriant:;) lane n1;:_~ri\s; traffic 
signs, traf-f!c:: !!~1t,1ts, and otht::r road objects. l\dd!t!ona!!y·, tt--1t:1 SE)cond proc::~2ssinQ dt~\iiCE) 
n1ilV c.;]!culiltt:~ il c.;]n1t:~ra ciispiact~n1t:~nt ilncl bast~d on tht:~ disp!~:1ct~rT1t~nt ca!cuiatt~ a 
d!sp;:_~rity of pixels l::Bt\vt~en succBssi\le irnat;1t:!S E¾nd crt:~atB a 3L) reconstruction of th6 
sct:1nt~ (t~.&l , a structurt~ frorT1 rnotion). ·rr--1E) SE)cond proc::essinfJ d~2\...-iCE) n1ay st::nd H·1e 
structurt:~ 1-:ron1 1T1ot!on bast~d 3[J :\:~construction to tht~ first proct~ssin~i dt~\lict:~ to bt~ 
con1bined V\lit:·1 the stert:;o 3[) in1E:1{Jes. 

[00f30J 'rht:~ third proct~ssinQ dt~\dct~ rnay· :\:~ct~ivt:~ irnaQt~s frorT1 tht:~ Viidt:~ F'C)\/ c~lrnt:~ra and 
process t:·1e !r1'li:.1~1es to detect ve~·11c!t~t=:.. pedestriant=:.. lane n1(:1rks, tra!'t!c si{:lnS, traffic 
n~1i·1tsl and 0H--1t:1r road objt~cts. -rht~ tJ1ird processinfJ d~2\lict:: n1ay furtht~r t~xt::cutE) 
add!t!ona! proc6ss!nt1 instructions to anE¾i'/.ZE.~ iil1a96s to idt:~ntify objects il1ovin&1 !n ti&1e 
in1at1e, suc!·1 as vehicles c:·1an{Jin{J iant:;s; pt~destrians; etc. 

[00t)·1J in son1e t:!rnbodirn£~nts1 h~3\/!nt1 stre;:_~rns of !il1a9t:~'"bE¾sed inforn1E¾tion c.apturt~d 
and processed independent!~/ ~T1ay pro\lide an opportunity for pro\lidin~1 rt~dundancy in 
tht~ S\/Stt~rn. Such rt~dundancy rnay· inc!ucit~\ for t~xarnp!t~l usin9 a first !n1~lgt~ capturt~ 
dt:!vic£~ and tht:! irnaties proc6SS£~d frorn that devicB to va!idatt:~ ~3nd/or supp!t:!rn6nt 
irn-:orrnation obta!nt~d by· c.apturin{J .and processin~1 irna{Jt~ infonT1at!on fron1 at !east a 
st~cond in1a~1t~ capturt:~ dt:~v!ct~. 

[00f32] !n sornt:1 E)rT1bod!rT1t~nts) systt~n1 ·100 rna'l ust:1 t\fvo !rr1a&1t:: capture dt~\iiCE)S (E).Q., 
!rT1E~gt:~ capturt~ dt:~v!ct~s ·122 and ·12.4) in prO\lici!ng navigation ~lssistanct~ for vt:~!·1ic!t:~ 200 
and us£~ a third !rT1E¾t1t:~ capturt~ devicB (B.&l., in1;:_~QB capture dt:~\/ict~ ·12t3) to pro\t!de 
rt~dundanc:/ and \/a!idatE) tht:: anaiys!s of data rt::CE)!\/t~d lron1 t~·1e otht~r t\JVO !rT1agt:1 
Cflpturt~ dt~vict:~s. For t~XE~n1pit~) in such a configurE~t!on: in1a~1t~ capturt:~ dt:~v!ct~s ·122 and 
t2,4 r11ay provide in1;:_~t1£~s 1\)r t:;tBrt~o analysis by systen1 ·100 for n;:_~vit;1;:_~tin&1 Vf~hiciB 200, 
vvhH~2 !rT1age capturt~ dt::vict~ ·12f) rnay prT)\/!dE) irr1a&1t::s for rr;onocu!ar ana!:-./sis by systerT1 
·100 to providt~ rt~dundancy· and \lfli!dation of !nforrT1~ltion obtaint~d bflSt:~d on in1a~1t~s 
captured fro~Tl irna{Je capture de\/ict:; ··122 and/or i~Tla!Jt~ capture cie\iice ·t 2-4 .. ·rhat is 
irnaQt~ capturE) devict:: ··i.2f3 (and a corrE)spond!n(~ proct~ssinfJ dt~vice) rna'y t)e consid~2rt~c] 
to providt~ E~ rt~dundant sul:1"sy·stt:HT! for providin~i a ci~1t~ck on t!·1t~ ana!~lsis dt~rivt~d frorT1 
!rT1a~1t:; capture devices ·t 22 and ·124 (e.~1 .. , to provide an .autorT1atic en·1er~1ency· brakin{J 
(/-\E:t3) systt:1rT1). 
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!ights 1 hflzardous ol:1jt~cts) and ti~1t~ !ii\f~. E3E~st~ci on th£~ anfl!y·s!s) proct~ssinQ unit ·1·10 rna'-/ 
ct:~use one or rnort~ navit;i~~tionE:d respons6s in vt:~hic!B .200) such E:lS E:l turr\ ~3 h:·u1e shift ~3 
chan&it:: in ac::ct:1!t::ration1 and tht:: !11<.,2 as d!scusst::c] t)t:1!0\t-l in c::onnt:1ction \fv!tt1 
nav!~1ationa! rt:~sponsf.~ rnoduit~ ·40B, 

[00f3B] !n ont~ t~n1bod!n1t::nt: \/~2!ocit'l and acct~!t:1ration rnodu!t:1 ~40f) n1;:1y stort~ softvv{:1rt~ 
confi~1urt~d to ana!yzt~ d~lt~l rt~ct:dvt~d frorT1 ont~ or rT1orl~~ cornputing and 
eiectrorT1ech.anica! de\/iC:f:;s in vf.1hicie 200 thr:1t r:1re con1-=i{Jured to causf.1 a ch(:1n~1e in 
\lt~!ocity and/or ;:1cct:d~2rat!on of \/t:d·1!c!E) .200 F~or t:=xaiT!p!t::: procE)ssing unit ··1·10 rT1a:/ 
6Xt:~cutB instructions ~3ssociatt:!ci \l'il!th \/E.~!ocity E:lnd acce!t:~rt:~t!on n1ociu!6 -4-0t) to ca!culatE.~ 
(°:1 tr:1r~1et speed for vehicle 200 based on data cierivt:1d frorn t~xt:1cution 01-= rT1onocu!.ar 
irT1a~1E) an;:1!ysis rnodu!t:1 ~402 and/or stt::rt:10 !rT1age ana!,.ys!s iT1odu!~2 ,ioi¾ .. ~;ucr--1 data rnay 
include) for t:~xarl1p!£~: ;:_~ tar96t position; \/E.~!oc.!tyl and/or ac.ct:~k:!n3tion, tht:~ pot:;ition and/or 
spt~ed of vt:;i·1ic!e 200 reiat!ve to a nearby \.lt~t·1ic!t:;, pt:;ch~strir:1n, or road objt:;ct1 posnion 
infonTH:ltion for vt~hic!t~ 200 rt~~!~ltivt~~ to lflnt~ rnarkin~is of tht~ roflCi: ~lnd tht:~ !ikt~. !n 
~3tiditio11\ procest:;int;i unit ·1 ··! 0 rn~3y ca!cu!att:~ ~3 tE:lrt1£~t spt:~Bd tor \/t:~hiciB 200 based on 
sensory input (t:1.~1-1 lnforn1r:1Uon 1-=rorn rr:1dar) and input frorn other systen1s of vt:;i·1ic!e 
2001 such ~ls throttling systt~n1 220: brai<.!n~1 S'-;/Stf.~fT1 2301 and/or stt~t~rin~1 s·ystt:~1-r1 .2-40 of 
Vf..~hic!t~ 200. E3{~':lS6ti 011 ti·1f..~ ca!cu!aled lar96t spet:~ci\ processint;i unit ·1 ·! 0 rnay transrnit 
t:=!~2ctronic s!(~na!s to t!·1rott!ing s:/st~2rT1 220: bra~\!n~1 systt:1rT1 .2:301 and/or st~2t~rin&1 syst~1rr1 
2-40 of vt~~hic!t:~ 200 to tri~1~1t~r ~l chan~1t~ in vt:~!ocit~/ E~nd/or acct:~!t~ration b~/. for t~xarnp!t~~l 
physic;:_~!!y dt~pr"t:~ssint1 the brakB or £~asin9 up off the acc6!t~n3tor en{ \/Bhic-lt~ 200. 

[00(3B] !n ont~ t~n1bodirnt:~nt: nav!Qfltion~ll rt~~sponst:~ n1ociu!t:~ .4oa rT1E~~/ stort~ sott\~vart~ 
ext~cutab!t:; by processinQ unit ·1·10 to dt:;tt~rrnine a dt~slred n-:.:1vi!Jationr:1! rt:;sponse based 
on data d~2r!v~:d frorn t:=x~:cution of rr1onocu!ar irnaQt~ ana!:/sis r1'1odu!t:: 402 and/or st~2rt~o 
irnaQt~ ~lna!:/sis rT1odu!t~~ -40-4. Such ciE~ta ~T1a·y includt~ position flnd spt~t~~d !nforn1~ltion 
associatt~ci '.1\liti·1 neartJy· vehicles) pedt~strians) and ror:1d otJjt~cts, tr:1r~1et position 
inforn1at!on for \lt::~·1ick:: 200, and tht~ !ii<t:1. i~dc]itiona!!y1 in son1t:: t:=rnt)od!iT1ents, tht~ 
11-:.~\lit;iationa! rt:!sponse n1-:.~y b6 based (p~3rtia!!y or fu!!y) on rnap ciata a pr1~d6t6rrn!neci 
position of vehicle 200, anci/or a reir:1tivt~ vt~!ocity· or a re!r:1tivt:; acce!t~ration bt~tvveen 
\.•·l~t·1ic!t:: 200 and ont~ or rr1ort~ objt~cts c]etectt:1d frorr1 t::xt:1cut!on of rT1onoc::u!ar iiT1a&it:: 
~3na!ysis rnodu!t:~ .402 and/or stt:!r6o !r1'1at1t:~ an;:_~lys!S rnodulB .404._ N;:_~vit;iationa! rt:!sponse 
rnoduie ~toa n1r:1y aiso cietern1ine a ciesired navit1ationa! response based on sensory 
input (t:~.~1 I infon-r1E~tion 1{ron1 rEH.iar_; and inputs 1{ron1 otht:~r systf.~rT1s of \.•··t~i·11c!t~~ .200 such 
at:; thrott!n19 t:;ystE.~rl1 2201 t;rai\in9 syst6rn .230 and st£~t~rin9 syst6rn 2.40 of V6hic!£~ .200. 
E3ast~d on t~·1e ciesireci ni:.1v!t1al!ona! responst~. pn:.Jc6ss:n~1 unit ·1·10 rT1ay transn·1!t 
t~~!t~ctronic si~1nflis to throttling sy,stt~n1 22C\ bra~\!n~1 S~lStf.~rT1 .2301 and stt~t~~r!n~1 S~lStf.~!T1 
.240 of \l6f1ic!E.~ 200 to tri&19er -=-~ d6S!rt~d nav19~3tiona! rt:~sponsE.~ t1y. for f..~xarnp!e turnint1 
u--1t:1 stt~~:ring \fv!·1~2t::! of \.,..t~t·1ic!t:: 200 to ac!·1!t::v~: a rotation of a prt:1dt:=tt::rrnint~d anfJ!~:. !n 
soi-r1t~ t~n1bodin1t~~ntsl proct~~ss!n~1 unit ··i ·10 1-r1a:/ ust~ tht~ output of nE~\li~1ationa! rt~sponst~ 
n1odu!t~ -408 (e.tl-: tt·1e desired naviQationa! responst:;) as an input to execution of 
vt~!ocity and acct::!t~ration iT1odu!t~ ,iof3 1~or ca!cu!at!nQ a c!·1an(~~2 in spt::t:1d of v~:hic!t:1 200. 

[007'0] F·1c;. 5/..\ is a f!O\A/chart shO\bl!nt1 an t:~xBrl1p!ary proct~ss 500/..\ 1\)r causin9 onB or 
iT1on2 na\/iQationa! rt~sponst::s based on n1onocu!ar irr1a~1~: analysis, consistt:1nt V\l!th 
disclosed t:!rnbodirn£~nts. /~t stt~p 5·101 proct~ssin9 unit ·1 ··! 0 rnay r6C-£~ive ;:_~ plural!t:-l en{ 
in1at1es via data intertace ·12t1 bet-...1\leen processinQ unit ·1·10 and in1a{Je acquisition unit 
··i .20. F:or instflnct~) a carnt:~ra includt~~ci !n irT1~lQf.~ acquisition unit ·120 (such flS irnaQt~ 
Cflpturf.~ dt~\.dct:~ ··122 hav!n~1 fit~id ot vit:~vv 202) n1~:r:/ Cflpturf.~ a plurality· ot irnaQt~s of an 
area forvvard of \lehlck~ 200 (or to tht~ sides or rear of a vt~!·1ic!e, for exan1p!e) and 
transrr1it tht::rn ov~:r a data conn~:ction (~2.fJ., diQita!: \J\lir~:d) lJSf3: \J\lir~:!t~ss, f3!ut::toott·1: 
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t~tc.) to proct~ssin~1 unit ·1-·i 0. i=:-:rocf~ssing unit ··1·10 r1'1E~~/ t~xt~cutf~ n1onocuiar ir1'1E~gt:~ 

c.·u1~3!ysis r11odu!t~ -40.2 to ;:_~rH:~!yze tht:! p!cu11ht:-l en{ in1;:_~t]BS at step 520) as dt:~scrib6d !n 
furtht~r dt::ta!! in conn~2ct!on \:V!tJ1 F~!C3~3. 5E3~--5[) bE)!OV\l. E3y p~2rforr1"1!nfJ u--it:1 .an;:li'iS!s, 
proct~ssin~i unit ·1·10 n1a\/ df~tf~ct ~l st~t of ft~~lturl~~s \Alit1~1in tht~ st~t of irna9t~s\ such as !E~nt:~ 
n1ari"int1s. vehicles, pedt:1strir:1ns1 road si~Jnt\ h!{Jhv\:-t:1~/ exit rt:1rT1ps, traffic !i~1t·1tt=:< r:1nd tht~ 
!ikt::. 

[007~1] F)rocf:;ss!n~1 unit ··1~10 n·1ay r:1!so f:;xecute !Tlonocu!ar irn.aQe ana!y·sis n·1odu!t~ -402 to 
d~:tt::ct various road r--iaz.ards at stt::p 520, such as) 1~or t~xarnp!t~l parts of a truck tirt:1, 
fa!ien ro~3d S!9rtsl !oos£~ c.ar9ol srnan anin1;:_~is1 E:lnd tht:~ iikt:!. f~oad 1·1az;:_~rds n1ay \f;:_~ry in 
structurt~; shr:1pe, siz.e, and color; \:·vhich ~Tlr:1y rn(:1ke detection of such ha~~:ards n1ort~ 
c!·1ai!~2n(~ing. !n sorr1t:1 err1bod!n1t~nts, proct::ss!n~1 unit ··i ··10 iT1ay t:1x~2cutt~ rr1onoc::uiar !iTla&it:: 
an~3!ysis fllOdU!t~ ,40.2 to p6n\:lrrn n1uitiufn3rn£~ an;:_~iysis on t1·1B p!un.:~!ity of irTH':~96S to dt:!tt:!Ct 
roaci t·1azr:1rds. For f1xan1pie) processint1 unit ·1·10 n1ay t~stirn.att:; carnera ~T1ot!on bet•J\:-een 
consf.~cutivt~~ irnaQt~ -fra1T1t~s and ca!cu!att:~ tht:~ dispflritif.~s in pix.f:~!s bt~t\'\lt~~f.~n t!·1f.~ frarnf.~s to 
construct E:l ~)L)--rnap ot the road .. f)roc.£~ssinQ unit ·1·10 n1;:_~y tflt~n ust:~ th6 3[)u!llap to 
cietect tht~ roaci surface, as vven .as hazards existin{J abO\le the road surface 

[007 .. 2] ..t\t t:;tBp 530) prt:)GBt:;sin&i unit ·1·10 rna:-l eXt:~ct.rtB nE:l\liQationa! rt~spont:;t:! r11odu!e 
408 to caus~2 ont:: or n1orE) navigational respons~2s in vt~t·1ic!t:: 200 bast::d on t~·1e ana!,.ys!s 
pt:~rforrnf.~d E~t stt~p 520 E~nci tht:~ tt~chniquf.~s as dt~scribf.~d ~lbovt~ in connt~ction v~dth F~!C3, 
-4-.. !\1a\lit]t:lbona! rBt:;ponst~s r11ay inc!udel for 6xar11p!t:\ ;:_~ tcu-r1; a !ant:~ r~J-iitt; a c1·1ant]B !n 
acc::~2!E)ration: anc] thE) !!kt~. !n sornt:: t::rnbod!rr1ents, proc::~2ss!nQ unit ·1·10 n1ay USE) c]ata 
dt~rivt:~d frorr1 t~txt:~cution of vt~!ocity· and E~cct:df.~r1ltion rnoduif.~ -40t3 to caust:~ tht~~ ont~ or 
n1ort~ navi~1-ational responses. /~dditiona!!y: rT1u!tipie navi{JE:ttionai rt~sponst:;s n1ay occur 
s!n1u!tant::ous!y, in st~qu~2nct::: or any con1bination t~·1ert~of. F~or !nstanc,2, proct~ssinfJ un!t 
··i ·10 rr1ay· caust~ \lt~i~1ic!t~~ 200 to shitt orH:~ !ant:~ O\/t:~r and tht~n acct:~!t~ratt~~ b:/

1 
tor t:~_xan·1p!t:~, 

sequt:;nt!aHy· trr:1nsrr1!ttin{J control sit1nals to steerin{J sy·st-t:;rn 2tl0 and thrott!inQ sy·stt~rn 
220 01~ \tehic!t~ 200. /\.!tt~rnati\/~2!y l proct::ss!n~1 unit ··1·10 rr1ay caust:: \it~~·1\c!t:: 200 to t)rakt~ 
vvhiit~ {~":ll tht:~ s~3rnE.~ tirnt:~ sh1ftin9 !anet:; t;y, for ex-:.~rnpit~. sn11u!t-:.~rH:~ous!y tr-:.~nsrn!ttin9 
control siQna!s to brakin~1 systen1 2~10 and steerint1 systern 24-0 of \it~t·1ic!t:; 200. 

[007'3] F·1c;. 5f3 is a f!O\A/chart shO\bl!n~1 an t:~xBr11p!ary proct~ss 500f3 1\)r d6tec.tint;1 on6 or 
rnore vehicles and/or pedestrians !n a set 01-= in1a{Jes, consistent vvith disclosed 
f.~r1"1bociirnt~nts F::rocf.~ssin9 unit ·1·10 rna'-/ t~~x.t:~cutf.~ rnonocu!flr irna9t~ E~na!'/Sis 1T1odu!t~ 402 
to irnp!ernt:~nt pn]ct~ss 500t3. _.::\t step 5-4-0) pr-cJcet:;t:;int;i unit ·1·10 rn~3:-/ d£~tt:~r-r11in6 ~3 set o-f 
canciidate objt:;cts reprt:;sentin{J possible \tehicies anci/or pedt:;strians. F:or exarnp!e 
procf.~ssin~i unit ·1·10 n1~:r:/ SCfln ont~ or ~T1ort~ in1a~1t~s\ cornpE~rl~ tht~ irna9t~s to ont~ or 
rnort:~ pr1~d6terrnint:!d patterns 1 ;:_~nd !dentify vvitt·1!n eac1·1 irna96 possib!B !ocationt:; tt·1at 
iT1Ery contain objt::cts of intt:1n2st (t::.g., vt:1hic!es\ pt:1dt::str!ans, or portions tht~rt::of). -T~t·1e 
prt~dt:rtt:~rrr1int:~d pE~ttt:~rns rnay l:1t~ dt~si9nt~~ci !n such ~l vva\/ to achif.~Vt~ E~ high rat£~ ot 11fE~!st:~ 
hitsn and a !ovv ratB ot nrnissE.~s.p F'or ex;:_~rnp!t~, proct:!ssin9 unit ·1 ·i O rnay usB a !ovv 
thrt~st·1o!d 01~ s!rr1i!arity to prt::dt~tt~rn1ined pattt~rns for !dt::ntify!n~1 c;:1ndkiatE) objt::cts as 
possib!f.~ '•./t:~hicif.~s or pt~dt:~strians [JoinQ so rnay a!!ovv proct~~ss!n~1 unit ··i ·10 to rt:~duct~~ tht~ 
prob;:_~l::i!ity of rnissint1 (6,~1,; not idt~nthtyin9) a cand!datt:! objt~ct r1~prt:!S6ntin~1 a Vt:!i·1ic!6 or 
pt~dE)str!an 

[0074] i~t step 542, processin{J unit ·1·10 n1ay· fHt6r tht~ st~t or candkjate objects to 
t:=xc!udt:: ct::rta!n candidatt~s (t~ .&1., irrt::!t~vant or i~:ss na!t~\/ant ot)jt~cts) bast::c] on 
c!assificE~tion critt:~ri~l Such critf.~ria n1flY bt:~ df.~rivt~ci 1~rorn vE~rious propE.~rt!t~s associatt:~d 
vviU-1 object ty·pes stored in a database (t:1.~1-1 a ciatabase stored in n1en1ory ·1 tlO). 
F~ropt~rt!~:s n1ay inc::!ude objt:1c:t shapt~, d!n1t~ns!ons: tt:rxture) position (~:.g., rt:1!ativ~: to 
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vt~hic!t~ 200): ~lnci tht:~ !!kt~ ·rhui\ proct~ssin~i unit ·1·10 n1fl:l usf~ ont~ or ~T1ort~ st~ts of 
crit£~ri~3 to rBj6ct ta!se c;:_~ndidatE.~s 1{rorn tht~ set of c;:_~ndidatt:~ obj6cts. 

[0076] /\t stt~p 5-44) proct~ssin~1 unit ·1·10 ~TH:1~l ana!yzt~ ~THJ!tip!t~ frarrH:~s of irnaQt~s to 
cietern·1ine vvhetht:;r otJjt~cts in ti·1e set of crH·1ciki(:1tf.1 objt:;cts reprt:1sent vehicles r:1ndlor 
pt~dE)Str!{:1nS F~or t~X.a!T!p!t::: proCE)SS!ng unit ··1·10 rT1a:/ tr.ac::k a dt:1tt:1c:tE)d C{:1ndidatt:: Ot)jt~ct 
across consf~cut!vt~ fra~T1f.~s and flccurnu!att"j frarT1t~·"b\/'"fr1lrnf~ data associatt~~d \Alith t!·1t~ 
dt:;tt~ctt~d objt:;ct (e. {J., sizf:\ position rei(:11!\te to vt:;i·1ic!e 200; etc.). _,.t\dditionany) 
proct:1ss!n(~ unit ·1·10 n1ay t~stin1att:: pan.:1rT1t~tt~rs for tht:: dt:rh:1c:t~:d objt:1ct and corT1part:1 th~: 
object's frarnB.,by.,.fran1t:! pos!bon dat3 to E:l preciictBd position. 

[007f)] .i\t stt:1p 54f3, proct:1ss!n(~ unit ·1·10 n1;:1y construct a set of rr1~2asurerr1t~nts for tht:: 
dt:!tt~ctt~d ol::jt:!cts. ~)uci·1 rn6t:~surernt:~nts rn~3'/ inc!uciB, for ex;:_~rnp!t~. positio11 v6!ocity; and 
r:1cct~!err:1tion V(:1!ues (rf:dativt~ to \tehicie 200) associ.att~ci 'J\nU-1 the cietected objects, !n 
sornt:~ t~~rnl:1od!~T1t~nts) proct~ssin9 unit ·1·10 rna'-/ construct tht~ !T1t~flSUrf.~!T1t~nts b~lst:~d on 
6Stirnation t£~chniqu6s us!n~1 ;:_~ t:;t:!ri£~s of tin1t:!,•bast~d ot:sBf\lE:ltions such as }<a!n1;:_~n fi!t6rs 
or !int:;r:1r quadn.:1tic est!rr1ation (LC)E:), and/or based on av.adab!e n1ode!in{J dr:1tr:1 for 
difff.~rt~nt objf.~ct typt~s (t~-~1 , carsl traci<.s: pt~cit~stri~lnsl bicycit~i\ road s!~1ns: t~tc.), ·l'i·1t~ 
~<a!rnan fiitt:~rs rnt:~:-l bt:~ t:at:;t~d on a rnt:~asurernt~}nt of E:ln object's scak~\ vvt1£~re u·1B scale 
n1t~asurt~n1t~nt is proportional to a tirn~: to coi!!sion (e.Q.; t!·1~2 arT1ount of t!rr1e for \/t::!·1!c!~: 
200 to rt~~ach u~1t~ objf.~ct), ·l'i.HJi\ b':l pt":~rfon-r1ing stt~ps 5-40"5-4(3, procf.~ssin~i unit ·1 ·1 O n1a:/ 
identi1{y \/Bhic-les and pE.~destriant:; appE.~arint;i \Vithin tht:~ st:~t of c.apturt:!d irna9es ;:_~nd 
dt~riv~: !nforrr1at!on (~:.g., position) spt:1t~d; s!zt~) assoc!at~2d \:ViH'1 tht:: \/t~~·1\c!t::s and 
pt~dt:~str!ans. f:1ast~d on tht~~ icit~ntification E~nci tht:~ df.~rivt~~ci inforri-1.;]tion, procf.~ssin~i unit 
·1 ·10 n1ay· c.ause one or n1ore na\li{:lat!ona! responses !n \.let·11c!6 200 as described in 
co;·1nt~ct!on V\l\th F~!C3. 5i;_: abovt~. 

[0077] .i\t step 5,4£5, processin~1 unit ·t ·10 n1ay pt~rforrn r:1n opt!cai fiOV\l .analysis of one or 
1-r1on2 !n1agt:1s to rt~c]uct~ tJ1t~ prot)abi!itit::s 01~ dt~tt~ctinfJ a nfa!s~2 hit" and n1issin~1 a 
cand!date ol::jt:!ct that rt:!pr1~st~nts a vBhic!t~ or pt:!ciBt:;tf"!E:ln. 'f'i·1e optical fiovv anal'/Sis r11ay 
refer to, for exan1p!e, .anaiyz.!n~1 n1otion patterns relative to \leh!ck~ 200 in u·1e one or 
n1ort:: iiT!afJt~s associat~2d Viitt'1 ott--1t:1r v~:hic!t:1s and p~:dt~strians, and tt,1at ar~: c]!st!nct frorn 
road surfact~ r11otion. F'rocessin9 unit··! ·10 rnay c.a!cuiatB U&1£~ rnotion of cand!d;:_~tt:! obJt~cts 
tJy· observin{J u·1e different positions of tht:; otJjt~cts across n·1u!tipie in1.at1e frarr1et\ V\rt1ich 
art~ CE~pturt:~d at d!-flt~rt:~nt tin1t~~s. F)roct~ssin~1 unit ·1··10 rnay· ust~ th£~ position and tin1t~ 
va!uE.~s as inputs into n1;:_~th6rnabca! n1odB!s for ca!cu!atin~1 tht:! n1otion of tht:! CE:lndidatt:~ 
objects. --ri·1t.H_;1 opticr:1! flovv ana!y·sis i-r;ay pro,lide another rnt:;thod of detect!n~1 vt~t·1if..:it:;s 
and pt~df.~str!E~ns th~lt art~ nt~arb~l \/f.~hic!t~ 200. F'roct~ssin~1 unit ·1 ·10 ~TH:1~l pt~rforn1 optical 
fiOVt/ an;:_~!yS!S !n con1binE:ltion Vt/ith St6pS 5-40"5-4t) to Pf"O\lidB fE.~dund;:_~ncy for dett:!Ctint;i 
vt:1hich2s and pt:1dt::strians and increast:: tht:: rt~Habi!it:/ of systt~n1 ·100. 

[CHJ~?fi] F.! (:.;. 5(2: is a fiov~./chE:lrt shO\N"in9 E:ln ex£~r11 p!ary pn]cet:;t:; 500(: 1\)r dt:~t6ctin9 roaci 
n1ar~\s anc]/or !ant:: ~1t:1on1t~try !nforn1ation in a s~2t of in1afJt~s, consistt~nt \Alith disc!c.)st::c] 
t~~rnl:1odirnt:~nts. F~roct~~ss!n~1 unit ··i ·10 1-r1a:/ t~xt~cutt~~ n1onocu!ar !1-r1a~1t:~ anE~i\/S!s rnodu!f.~ -402 
to in1p!Br11t~nt proct:~ss 500{:. /.-\t t:;t£~P 550! procE.~ssinQ unit ·1·10 n1ay d6t6c.t a set of 
objt:1c:ts by· scann!n(~ ont~ or rr1ort~ in1afJt~s. T·o dt::tt::ct s~2~1rnt::nts of !ane i-r;ark!n(~S, !ant~ 
Qt~ornt:~try inforrnat!onl and otht:~r pt~rtint~~nt road ~T1arks, proct~ssin~i unit ·1·10 n1a\/ fi!tt~r 
u·1e set of objects to exciudt~ those deterrr1ined to be irrelevant (e.{l: rTHnor poU·1oies, 
sn·1an roc::ks, t~tc. ). /\t st~2p 552, proc::~2ssinQ unit ·1 ·1 O n1ay ~1roup to&1t::H--1t:1r th~: st::fJrT1~2nts 
dt:~tt:~ctt:~d in stt:~p 650 bt:~!onQinQ to tht~~ Sflnlt:~ road 1-r1ark or !E~rH:~ rnark. E3E~st~ci on ti·1f.~ 
t1roupin~1; processin~1 unit ·t ~10 n·1ay dt~veiop .a n1odei to reprt~sent tht:; detected 
St:1fJn1t::nts, such as a 1-r1atJ1~2n1atica! rnodt::!. 
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[OOB:3] i;.t stt~p Sl:12, proct~ssin&1 unit ·1 ··1 O iT1ay ana!,.yz.t:1 tt'1t:1 rJ~2ornE)try· of a junction. 'rht:: 
analysis n1fl\/ bf~ bast~d on an·y co1T1binat!on of· (!) thf~ nur1"1bt~~r 01~ !~lnf.~s dt~tt~ctt~d on 
eiU-1er side of \lehic!t:; 200, (ii) !T!(:1rkin{JS (suc:·1 (°:1S arrovv n·1arks) detected on tht:; ro(:1d, 
{:1nd (!!!) dt~script!ons ol H'1t:1 junction t:1xtractE)d frorn n1ap c]{:lh:1 (suc::h as data frorr1 rnap 
d~ltE~bast~ ·1 t)O). F)roct~ssin~1 unit ·1··10 rnay conduct tht~ E~na!ysis usin~1 !rn~orrnation dt~rivt~d 
fron·1 f1xecution of n1onocu!(:1r anr:1!,ysis rnodu!e .402. !n addition

1 
F~rocessinQ unit ·1·10 n1.ay 

d~:tt::rrnint:: a corTt::sponc]fJnct:: bt:rt\.•VfJt~n tht:: traf-f!c:: n~1t,1ts dt:=tt::ctt~c] at stt:1p 5t)O and tJ1~2 
lanes ;:_~ppt~~3f!n~1 nt:~t:~r \/£~hie.le 200. 

[0084] i\s \/t::!·1iciE) .200 approac~·1es tt'1t:1 junction) at stt:1p 5t1'4: proct:1ss!ng unit ·1·10 r1'1;:1y· 
updatE.~ tht:~ contidence !t:!V6! associatt:~d \Vith t1·1e an~3!'/Zt~d junction t1£~on1t:!try and the 
df:;tt~ctt~d trr:1ff!c n~1t·1ts. F:or instt:1nce1 the nun1bt:1r 01-= trt:1ffic HQhts estirT1ated to appt:1ar at 
tht~ junction flS cornpart~d \/./it1·1 tht:~ nui-r1bt~r ~lctua!!y appt~~lrin~1 at tht:~ junction rn~:r--/ 
irnpact th6 confidt:!ncB lt~\/ei. ·rhus bE:lseci on u·1£~ c.onfidt~}nct~ k:~\{£~L proct~ssin9 unit ·1 ·1 O 
rnay· dek~tr:lte control to u·1e drivt:;r of Vl~hicie 200 in ordt:;r to in1prove safety conditions. 
E3'-/ pt:~rfon-r1ing stt~ps 5f30"5t3-4, proct~ssin~i unit ·1·10 n1a\/ icit~nti1~~l traffic lights appt~aring 
vvithin tht:~ st:~t of c.apturt:!ci irna9es ;:_~nd an~31'/Ze junction 9eoil1Btry intonl1ation. E3E:lseci on 
tht~ kit:1nt!ficat!on and tht:: ana!~/sis: proct::ssin~1 unit ··1·10 rT1ay c::aust:: ont~ or rT1ort~ 
navi~1ationa! rt:~sponst~s in vt~hic!t~ 20C\ flS dt:~scribt~ci in connt:~ction \A.dth F·1c;_ 5i\ J abovt:~. 

[0085] F:!C3. 5E: !s a flO\l'-/Ct--;art shov;JinfJ an ~2xt~n1p!ar:/ proct::ss 500E: for caus!n(~ ont~ or 
!Tlort~ nflViQ~ltionE~! rt~sponst:~s in vt:~hic!t~ 200 bast~d on a \lt~i·1ic!t:~ pat!·1, consistt~nt vvith 
u·1e disclosed t:;rnbocHrr;ents. /lJ step 57'0, processin!J unit ·1··10 rnay· construct an initi.ai 
\.•·l~t,;!c!t:: patt1 .associatt::c] vv!th vt:1hich2 200. ·-ri·1t~ \t~2h!c!t~ paH--; n1ay bt:: rt::pn2st~ntt::d us!n(~ .a 
st~t of points t~xp:"'l:~sst~d in coordinatt:~s (xl z): E~nci tht:~ distanct~ di bt~hlVt~t:~n ht./G points in 
the st:;t of points n1ay fa!! in tht:; ran{Jt~ of ·1 to 5 n1t~ters. !none en1bociin1t~nt; proct:;ss!n~1 
unit ·1·10 n1ay construct ti·1t~ !n!t!a! \/t~t,;ic!t:: p.at~~1 usin~1 tV\lO po!ynorn!a!sl such as !t::1~t and 
ri9t·1t roaci po!ynorT1ials. F)roc6ss!n~1 unit ·1·10 r11ay ca!cuh~1te t1·1B t;1t~orn£~tric rnidpo!nt 
bt:;tvveen U-1e tvvo po!y·non1ia!s and offset each point !nc!uded in the resuitr:1nt vehicle 
p.att,; by a prE)dt~tt~rn1in~2d offset (t::.~1.) .a sn1art !an~2 <Jfl.st::t), !f an·l (an offst~t of zt::ro rn-Ery 
corrt:~spond to travt:!! in th£~ rnidd!B ot a !ant:!). ·rr·1£~ 01~lst:!t rnay be in;:_~ diri~cbon 
perpt:;ndicu!ar to a se!Jn1t~nt bt:;tv\/een EHTY t\:·vo points in t!·1e vehicle p.ath. !n anotht:;r 
t~r1"1bociirnt~nt, proct~ssin~1 unit ·1·10 !Tla'/ ust~ ont:~ po!~/noi-r1ifll and E~n t~stirnatt:~d !E~nt:~ Viidth 
to 01tfset t:~ach point of tht:! vt~t·1!c!e pat1·1 by ha!f tht:~ 6stirnatt:~d !;:_~nB \A/idth plut:; a 
prt~cietern1ined of-fset (e .. !J--) a sn1r:1rt lane offset). 

[OCH3*':)J ..L\t step 5721 processin9 unit··! ·10 r11ay updatE.~ tht:~ V6hic!£~ path constructed ;:_~t 
stt::p 570 F~roc~2ss!nQ unit ·1 ··i O rna·l rt::construct tht:: vl::~~1!ck:: patJ1 constructt:1d at stt~p 57··0 
usin~i a 1·1i~11·1t~r rt:~so!utionl such t!·1at tht:~ distanct~ di\ bt:~htlt":~t~n t\lVO points in tht~ st:~t 01~ 
points repret:;t:!ntin9 t1·1e \/Bhiclt~ path is !6ss then th6 d!stanct:! di dE.~scribt:~d abo\t£~. F'or 
t:=xarr;pk::: tt1~2 d!stanct:1 c]k rna·l fan !n tt1e ran~1t:1 of 0.-1 to 0.3 rnE)tt::rs. F1roct~ssin&1 unit ··i ··1 O 
n1flY rt~construct tht~ vt~hic!t~ path usin~1 fl parabolic splint~ E~i~1orithrn J \lVhic-!'1 rnay· ~/it~!d fl 
curnL!!;:_~tiv6 d!stanct:! \lt~ctor ~) corri~spondint;i to the total !6n9th of tht:~ V6hic!£~ path (i.£~.l 
bast::c] on H'1t:1 st:1t 01~ points rt::pn2st~ntin&1 tt1~2 \tehic!t~ path). 

[00t17] i~t step 574, processin{J unit ·1··10 rnay· detern·1ine a !ook----.a:·1ead point (expressed 
in coordinat~2s as (xJ, zi)) bast:1d on tht~ updat~2d \/t~~~1!c!t:: patt1 constructt:1d at stt~p 57··2. 
i=:-:roct:~ssing unit ··1·10 !T1E~:/ t~xtract tht:~ !ook"~lhf.~E~d point frorn tht~ curnu!E~tivt~ distanct~ 
vector~::;, and U-1e !ooknahead point rnay· be associated vvith a !ook,~aht:;ad distr:1nce and 
k .. )c:d<---.aht~ad tirnt:1. -rht~ !ook .. -ar--H::ad distanc::~2) vvhict,; n1ay h.a\tt:1 a !o\fv~:r t)ound ran~1!n~1 
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frorn ·10 to 20 n1t~~tt~rsl ~T1a·y l:1t~ ca!cu!~ltt~d flS tht~ product of tht~ spt~~t:~d of vf~hic!t:~ .200 ~lnd 
U&lB !ook&•~:lht:!ad tirn£~. F'or BXE:lrnp!€\ as th6 spE.~ed of \/£~hie.le 200 ch:~creast:~Sl tht~ !ooku 
a~·1t:1ad dist.anct~ rT1a:/ aiso c]t:1crt~ast:1 (E).(r, untii it n2;:1ct·H:1s u-iE) !ov·lt::r bounc]). -rht~ look-~ 
a!·1t~~ld tin1t~~l vvhich rnay ran~lf~ 1~ron1 0.6 to ··1.5 st~~condsl rnay l:1t~ !nvf~rsf.~!~/ proportional to 
tht:1 ~1r:1in 01-= ont:1 or n1ore control !oops associ(:1ted \A/ith caus!n~1 E:1 n-:.:1vi!Jationr:d rt:;sponse 
in \lfJh!c!t~ 200, suc!·1 as tht:: r--H::ad!n~1 t~rror tn.~i:._-·J.:JnfJ control loop. F~or t~x-::H-r1pk::: tt1fJ Q;:1in of 
th£~ !·1t~flCi!ng f~rror tr1lci\in~1 control loop n1a\/ df~pt~nd on ti•1t~ b~lndvviciti•1 of ~l ·y~l\~v r1ltt~ 
!oop, a stef:;r!n~1 actuator ioop; car ir:1tera! ciy·nr:1rnics; and thf.1 iike. ·rhus, t!·1e hitlht~r t!·1e 
~1.a!n ol tt--it:1 i·1~2;:1d!ng t:=rror trac~\in&1 c::ontro! loop: tt1~2 !O\:Vt:1r tt--iE) !oo~\•--·al·1t~ad t!rnt::. 

[008e] i\t stf.1p 5 7f), pn .. 1cf.1ssin~1 unit ·t ·1 O n1ay dt~tt~rrnine a ht~(:1dinQ error and y-::.:rvv rate 
corr1rr1and bas~2d on tht:: !ook---·ai·1t:1ad point dt~tt~rn1int~d at stt::p S74. F~roct~ssinfJ un!t ·1··10 
rTH:~y detern1inB U&H:~ he~~ciint1 6rror t:y c~3!culabnt1 tht:! E:lrctanQent ot the loo~-c.&~~r&1BEH.i point 
e .. !J., arctr:1n (x!l ~~:I). F::-rocessin{J unit ·1 ·10 n1ay df:;tt:;rrn!nt~ U-1e yaV\l ratt~ con1n1and as the 
product ot tht~ hf~adin~1 t~rror ~lnd a i•1i~1i•1.~!t~Vf~! control ~1ain ·rht:~ i•1i~11·1'"!t~vt~~! control ~1ain 
rnay b6 6qual to: (2 / !ookuaht:H:~d lifl1t~), if tht:! !ookuaht:H:~d distance it:; not at the !O\Alt~r 
tJound. C)t!·1ervvise) tht~ hi{Jh---ievei control Qain rnay· be equal to: (2 .. ~. spt~ed of vt:;!·1ic!e 
200 / !ooi\-"aht~ad ciistancf~). 

[OOB9] F·1c~. SF~ !s a 'flo\fvci·1art sr--ioV\linfJ an t~xt::rnp!ary· proct:1ss sooF· for d~1t~1n-r1!nin&1 
\~v1·1t~tht~r E~ !t~adinQ \/f.~hic!t~ is ch~ln9in~1 !anf~s: cons!stf~nt \~v!th tht:~ disc!ost:~d 
6rnt1odirnE.~nts. /i.t stt:!P 580. proct:!ssin9 unit ·1·10 rnay ciBtBrrT1in£~ na\lit]t:~t!on inforrnation 
assoc!.att::d \Adth a !t~adinfJ vt:1h!c!e (e.fJ-: a \t~2hic!t~ tra\t~2nn~1 at,1t:1ad 01~ \/ehic!t~ 200). F·or 
t~xE~n1p!t~\ proct~ssinQ unit ·1 ··io rnr-:.r·;/ df.~tf.~nT1int:~ thf~ position: \lt~iocity (t:~.g.J dirl~~ction and 
spt~ed), and/or acce!err:1tion of the !t:;r:1din{J \tehic!e1 usin{J the techniques descritJed in 
connt~ct!on vv!th F~!C3S. 5/.\ and Sf3 , abO\/t::. F)roct::ssin&1 unit ··i ··10 rriay a!so d~:tt::rTriint:: one 
or n1ort~~ road po!y·non1ia!s\ a iooi\•"ai•1t~fld point (E~ssociatf.~d vvith \lt~i·1ic!t~~ 200)\ and/or E~ 

srt.:1H traH (e.{r: a set 01,: points describin~1 r:1 path taken by tht~ !eadin!J vehicle): usint1 the 
tt::ci·1n!qut~s dt::scr!bt~c] in conn~:c:t!on \l'-litt--i F·1c;. SE: , abov~:. 

[0090] i~t step 5£32, processin{J t~nit ·1··10 rnay· anr:1!,yz.e the na,/i~1at!on infor~-riat!on 
d~:tt::rrnint::c] at step 5BO. in ont:: t:=rnt)od!rrient, proc::essinfJ unit ·1·10 n1ay ca!c::u!att:: tht:: 
d!stanct:! b6hN"£~en ~~ t:;n~3d trail ~~nd a road po!ynorn!al (t:!,9., ~3lon&1 tht:~ trE:li!). if tht:! 
varir:1nce of this distance a!on~1 u·1e trail exct:;eds a predeterrT1ined threshold (for 
t~XE~n1p!t~ 0. ··1 to 0. 2 ~Tlt~tf.~rs on a strai~1ht roflCi: 0.3 to 0.-4 rnf~tf~rs on a rnodt~ratt~~!y cur·-/'-/ 
fl)E¾CL E:lnci 0.5 to OJ':.) r11etBrs on a ro~~ci vvith sharp cur\l6S)l proc6ss!nt1 unit ·1·10 rT1ay 
dt:;tt~rrnine t!·1at the !er:1din~1 \it~!·1ic!e is i!ke!y chan~1in!J lanes. !n t!·1e case vvhere rT1u!tipie 
vt~i·1!c!f~s art:~ cit~tt~ctf.~d travt~!in~1 ~lhf.~E~d 01~ Vf.~hic!t~ 20C\ procf.~ssin~i unit ·1·10 nlflY con1part~ 
the t:;nai! trails associE:ltt~d vvit1·1 t:~ach \lehic!t:!. t3ast~d on th6 cornparison) procet:;t:;int;i unit 
·1 ·1 O n1ay dt::tt::rrn!nt~ that a vt:1h!c!e vvhost:1 snan trail dot::s not rT1atc::h V\l!th tJ1t~ snan trails 
of tht~~ othf~r vt~~hiclt:~s is iikt~i'-/ chan~1in~1 !ant~s. F~rocf.~ssin~i unit ·1·10 n1fl\/ ~ldditionE~l!y· 
corT1par£~ tht:~ cur\,..ature ot th6 snail trail (~3ssoci~~tt:!d \bl!th tht:~ iB~~dint1 ve1·1ic!6) \bl!th tht:~ 
t:=xpectt:1d c::ur\laturt:: of ti·1~2 road st::(~rr1ent in \l'-/t--iic::h ti·1e !t~ad!n(~ v~:hic!t:1 is trav~:!!nfJ. --rht:: 
t~~x.pt~ctf.~d cur\lflturt~~ n1a:/ bf~ f~.xtractt~~ci frorn r1'1E~p data (ftg., ciE~ta frorn n1flP databast:~ 
·1 t30)1 1-:rorn roaci po!ynorT1iais: trorT1 other vBhiclt~sl sn~3!! trai!s1 frorn prior knovvlt~dQe 
about tht~ road, and H'H:1 Hkt::. 11~ tJ-1e diffr:1n2nc~: in curvaturt~ ol H'1t:1 snail trail and tht~ 
t~xpt~~ctt~d cur\.•··aturt~ of thf~ road st~~1rnt~~nt t~~x.ct:~t~ds ~l prl~Cit~tt~rr1"1inf.~d ti•1rt~sho!d, 
processin~1 unit ~1·10 n1r:1y dt~tt~rrnine t!·1at the !eEH.iin~1 \it~t·1ic!e is Hke!y chan!Jin!J lanes. 

[009·1] in E~noti•1t~r f.~r1"1bociin1t~ntl proct~ssin~1 unit ··i ·10 ~T1a·y CO!T1Pflrf~ tht~~ !f.~E~d!n~1 vt~hic!t~~\s 
instantaneous posit!on vviU·1 tht:; iook•--at·1er:1d point (associated \A/ith \/eh!clt~ 200) over a 
sp~2c!l~!c pt::riod 01~ t.!rrie (t:1.rr: 0.5 to ··1.5 st::conds) !f u--i~: c]!stanct:: b~:tvvt:1t~n tht:: i~:ad!n~1 
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Vf)hic!t~1s instflntant~ous position and tht~ !ook~,{:1ht:~ad point \/~:1rit~s during tht~ spf~cific 
pt:!riod of tirn6 1 E¾nd tht:~ CL~rnu!ati\lt:~ SL~rn 01t \lariation t~xceE.~dt:; t:~ prt~d£~t£~ril1in6d thr£~shoid 
(for t:1xan1ph2) 0.~1 to o.,i rrH:1h:1rs on a strai&1t,1t n)ac]: O 7 to 0.8 rnt::tt::rs on a rnodt~ratt::!~l 
cur\1y roaci, flnd ·1 .3 to ··i .7 rnt~tt~rs on fl road \lVith shflrp cur\lf:~s): proct~ssin~i unit ·1·10 
rna,y deterrr1inf.1 th.at t!·1e !t~adinQ vehicle is iikf:;!y ct·1an~1in~1 !(:1nt~s. !n .anotht~r 
t:1rr1boc]!rr1t~nt pn)ct~ssin&1 un!t ·1 ··1 O !T1ay ana!·lz.t:1 H'1t:1 fJf~ornE)try· of u--1E) sn{:1n trail try 
co1T1pflr!n~1 tht~ !att~ra! dist~lnct:~ trflVf~!t~d a!on~i thf~ trE~i! \Alith ti~1f.~ f.~xpt~~ctt~d cur\taturt~ of 
u·1e snail tr.ail. ·rhe f1xpected radius of cur\1ature n·1ay bt~ df.1tt:;n-r1int~d accordin!J to tht:; 
G;:1!cu!ation: (C)z.<2> ·+· Ox-.:·:.2.>) / 2 / (C.)x): \l'-/i--1E)n:1 Ox rt:1prt::SE)nts tht:: iatE)n.:1! distanc::~2 
tra\lt~iBd E¾nd Oz rf~prt~s6nts tht~ !on9itudina! distE¾nc.s:.~ tr~~v6!t~d. !1t u·1e diffBrt~nc.f~ t:BhAlt~6n 
the iatera! distance tr(°:1\teied and tht~ t~xpected cur\li:.1turt:; t:;xceeds a prt~cietern1ined 
u--1rt:1sho!d (e.fJ.: 500 to 700 rnE)tE)rs): procE)ss!ng unit ··1 ·1 O r1'1ay· dt:=tt::rrn!nt~ tJ1at tt--iE) !eadin~1 
vBhic!t~ is !ii\f~!y c.hE¾nQinQ !t:.~n6s. !n anoth6r ernl::odirnBnt) procBt:;sin&i unit ·1·10 rna'/ 
analyze U-1e position of the !eadin{J vt:;i·1ic!e. if U-1e position of the !eadin{J vt:;i·1ic!e 
Ol)SCUrt~S E~ (Ofld po!~/nO!T1ifli (f~.g., tht:~ !t~flding Vl~~!·1ic!f~ is 0\/f.~fifl!d on top of thf~ road 
po!:lnorniE¾i)l then procE.~ssinQ unit ·1·10 n1~~y d6t6rrn!ne th~~t tt·1£~ !eaciint1 V6hic!t:~ is iikt~i'/ 
ct·1an~1in~1 lanes. In tht~ case V\d·1(H't~ tht~ posit!on of u·1e !e.aciint1 vei·1icie is such tha( 
anotht:~r vf~hic!f.~ !s cit~tt~ctf.~d E~ht:~ad 01t th£~ !t~flCiing vt~~hic!t:~ and tht~ snfl!! trails of tht:~ ht./O 
vBhic!t~s art~ not para!!t:~!I proct~ssin9 unit ·1 ··! 0 rnay dBt£~ril1int:~ th~3t tht~ (c!os6r) i£~E¾din9 
\it~t·;\c!t:: is i!k~2!y chanfJinfJ lanes. 

[0092] ..L\t step 584·1 processin9 unit ··! ·10 r11ay dt~tt~rn1ine \:Vh6th£~r or not i£~EH.i!nt1 vt~t·1ic!6 
200 is chan&1infJ lanes bast::d on tt·;e ana!,.ys!s pt~n~orn1t::c] .at stt:1p 5B.2. F·or t:1xan1p!~2) 
proct~~ssin~1 unit ··: ·10 ~Tla'/ rnakt~ t!·1t~ dt~tt~rn1ination bast~d on a Vif.~ig!·1tt:~d a\lt~ra9t~ of thf~ 
incihiidua! .analyses perforn·1ed at st-t:;p 582. lJnder such a sci·1en1t~; for exan·1p!e, a 
d~:c!sion b~l proct~ssinfJ un!t ·1 ··1 D u--1.at tht~ !t::adinfJ \t~2hic!t~ is !H\~:!y chanrJ!n(~ !ant::s bas~2d 
on a particular t'/Pf~ of E~na!:/sis rT1E~~/ bt~ flSSiQnt~~ci a va!uf~ of ···11' (~lnd \'0'1 to rt~~prt~st~nt ~l 
cietern·1ination U-1at the !eadin~1 vt:;l·1ic!e is not Hke!y chan!Jin!J lanes). [)h"1'\~rent analyses 
pt~rforr1'lt~d at st~:p 582 n1ay b~: .assi&1;·1t:1d d!ffert~;·;t \l'-/t"::!fJhts\ and t!·1~2 d!sc!ost~d 
en1bodin1t~nts E¾r6 not !iil1itBd to any p~~rticu!ar con1binE¾tion of ~~na!yses ~~nd \:Vt~i&1hts. 

[OOfJ:3] F·1c~. f) is a l!o\t-Jc::hart s!·10\fvin~1 an t::xt:1rT1pi.ar).: proct~ss f300 lor caus!n~1 ont:1 or 
rnort:~ navit1at!onai rf.~sponses t;-=.~s6c.i 011 stt:~rf.~o irnatie an~3iysis c.ont:;istt~nt vvith disclosed 
erT1t)od:n·1ents. />..t st6p {3·10. proc6ssin~1 unit ·1~10 rT1ay recehle a first and st~cond plurality 
of irn~:1Qt~s via data !ntt~rfact~ ·12e. F·or f.~XE~n1p!t~) carnf.~rE~s inciudt~~d !n irn~lQf.~ acquisition 
unit ·120 (such as !r1'1a9t:~ c~3pture dt~vicBs ·122 and ·12.4. havinQ fi6!ds of vievv 20.2 and 
20-4) rnEry c.apturt~ a first and st:1conc] p!uraHty of !rn.aQt~s of .an art~a 1\ .. )r\fv.ard of \/t::!·1!ci~: 
200 and trE~nsrnit tht~n1 O\lt~r ~l diQitE~! connt~ction (t:~.g.J t.J~)f::11 V'./!rt~!f~ss. t1!ut:~tooU·1 t~~tc_) to 
processin{J unit ·1··10. in son1e en1bodirnents; processin~1 unit ·t ·10 n1ay rect~ivt1 the first 
and st~cond piura!!ty ol irT1a~1~:s via t\:VO or rnore data !ntt~n~act::s. ·--r~-1~2 d!sc!os~2d 
t~rT1bociirnt~nts E~rt~~ not !i~T1itf.~d to an'/ p~lrticu!ar d~lt~l intt~~rtflCf~ confi~1urations or protocols. 

[OOfJ-4] i~t stt~p f)20, proct~ssin&1 unit ·1··10 rriay t:tx~2cutt~ stt:1r~20 !rn.aQt~ ana!:/s!s r1'1odu!t:: 
-4-0-4 to pBr-forri-1 stt~r6o !r1'1at1t:~ an~~!yS!S of tht~ first and sBcond p!uraHty o-f irna9t~s to 
creatt:~ ~3 3[) rnap of th6 road in front of tht~ vt~t·Hc!e and dt~tt~ct 1\.:~~:1turBt:; \A/ithin tht:~ 
!rT1a~1~:s\ suet·; as !.ant~ rT1arkinfJS1 \/t::hicit:1s, p~:dt~strians, road si&1nsl h!(~!-1\·v·ay t:=x!!. ran1ps: 
traffic H&1ht~\ road haz~~rt:is1 E¾nd tht:~ iikt~-~3;terl:~o in1~~t1£~ anaiysit:; rnay be pt~rforrned in a 
n1anner sin1Har to the steps dt~scribed in connection \A/ith FIC;~). 5i\---5[) , above. F:or 
t~~x.a~-r1p!t~~: procf~ssing unit ·1·10 rT1~l~/ t~xt~cutf~ stt~rt~~o !~T1a~1t~~ anE~!\/Sis rnodu!t:~ .40.4 to dt~tt~ct 
Cflndidatf.~ objt:~cts (t~-~1 , \lt~i~1ic!f~s: pt~~cit~stri~lns: roflCi rnad<.s: traffic !i9hts, road h~lzarcis, 
etc.) vvithin the first and second p!uraHty of in·1a~1es, filter out a subst:;t of the candk.iate 
objt:1c:ts bast:1d on \/arious cr!t~2r!.a: and p~2rforr1'1 i-riu!t!---·frar1'lt~ ana!:/sis 1 construct 
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t~tc.) !n tht~st~~ t~~rnl:1odi~T1f.~nts, tht~ distanct~ 1T1a:/ bt~ r1"1t~flsurt~d rt~!at!vt~ to !ant~~ constraints 
id6ntit!ed by !~3nt~ constr~~int rnodu!t:~ 9·10. F·or ex~:1rnp!6) the dist~~nc.£~ to tht:! onB or rnorB 
!ant~ constn:1!nts n1ay spE)c!f·l tht:: d!stanct~ to an ~2nc] of a !an~2 or {:1n an~.::a !n vvhic!·1 a !anE) 
has partiE~!!y t:~ndf~d ( f.~. ~1-1 for a !ant~~ th flt inciudt~~s fl rnt~rging zont~ t1~1at d!1T1 in!sht~s ovt~~r 
ciistr:1nct:; until u·1e iane 1·1as ended). Lanf.1 positionin{J rnodu!e 920 n1r:1y pn .. 1cf.1ss tht:; 
p!ura!ity of irnafJt::s to dt~tt~ct 1~t::atun:1s of tht~ road\l'-/ay on V\lhict·; \it::~·1!c!E) 200 is tra\/t:1!in&1, 
such E~s ro~ld\lVE~~/ eoo: in ordt~r to dt~tt~nT1int:~ thf~ position of \lt~i~1ic!t~~ 200. i\dditionE~!ly· or 
r:1itt~rnati\lei,y, lane otlst:;t n·1odult~ 920 ~Tl(:1y· receivt:; inforrT1ation fron1 0U-1er n·1odult~s 
(!nc!udin~1 position st::nsor ·1 ~10) or oth~:r s~/Stt~n1s !ndicati\...-t:: 01~ H·1t:1 prt~st::nc::~2 of 0H,1t::r 
featurt:~s in th£~ irTH:~96 d£rta: suct&1 ~3s addition~~! v6hic!t:~~\ cur\laturt:~ of tht~ road: t:!tc .. Lane 
positionint1 rnoduie 920 n1r:1y pt:;r!od!cany· updatt~ U-1e pos!t!onal status 01-= u·1e \tehicle 
us!n(~ coordinat~2 S~lStt::iT1S or oth~:r notations ol position (e.Q.: rT1ap data lron1 a rT1appin~1 
app!icatior\ ()F)~) !nforn1~~tion) etc .. ). &rht~ status rn~3y b£~ stor"t:~d \Adthin tht:~ systt~rn, such 
r:1s \:·vithin ~T1en·1ory ·1.40.1··1 !::0. Lane positionin{J rnoduie 920 n1r:1y upciate tt·1e positionr:1! 
stE~tus \lVhilt~ vt~hic!t~ 200 !s rnO\ling at st~t tirnt~~pointsl such E~s t~flCi~1 rninutt~\ aftt~r ~l 
prt:~dt:!tt:!rrn int~d nurn t;t~r of rn inutt:!S. E.~{~1ch hour, 6tc i\itt:~n1ati-...lely. !ant:! pos!t!OrHn9 
rnoduie 920 n1r:1y upciate tt·1e positional str:1tus V•ihen certain \it~t·1ic!t:; operations are 
dt~tt~ctt~t·:L such E~s chfln9in9 lEH'H":~s: ~lCCt~~!t~rfltin~t dt~ct~!t:~rating: or otht:H~· stt~t~rin~1 
op6rabons. 

[0·1 ··1 OJ /\ction rnodu!t~ ~)30 rn~ly stort~ instructions vvhici~1: \•\lht:~n t~xt~cutt~~d l:1y proct~ssin~1 
unit ·1·10 rnay assit:;t systen1 ·100 in takin9 onB or rnore t:~cbons reiath/t~ to tht:~ opt:!n3tion 
of \it::~·1!c!t:: 200 bas~:d on inforrnation rt~ct::!\/~2d frorT1 ont:: or r1'1ort:: sources, suc~·1 as 
position st~nsor ··130\ ianf~ constraint rnodult~ t1·10: or !ant~ positionin~1 ~T1odu!t~ 920. in 
son1t~ ernbodirnents, r:1ction rnodu!e 930 n1ay rect:;!ve inforrn.ation indicr:1UnQ that the 
curTt::nt tn.~\lt~l !ant:: of \t~2h!c!t~ 200 is ~:ndin&1 /.-\ction rr;odu!t~ 9~10 rnay tht::n perforrT1 ont:: 
or rnort~~ actions afi\~~ctin~1 ti~1t~ opt~~rat!ona! status of vt~hic!t~ 200: suci~1 as Cflusing s~/Stt~rn 
·100 to pro\iide control si{Jnr:1!s to one or rnore of throttiint1 systern 220) brakin~1 systen1 
2301 anc] stt~t::rin~1 systerT1 2,io to na\/ifJat~2 \/ehic!t~ 200 (~:.(r, l°Jy caus!nQ an acct::l,2r\:1tion 
a turn a !ant:! t:;hh{t) etc .. ). F'or £~xan1piBI in soi-r1e Bn1bodin1ents; acbon n1ociu!6 930 1-r1ay 
senci an instrucl!on to steerin{J sy·st6:T1 240 and steerin{J sy·st-t:;rn 2tl0 :-r;ay execute U-1e 
instruction to stt~t::r tht:: \/t~~·1ic!t:: into a ne\:v !an~2 of tra\/t::L i~dc]!Uona!!y or an~:rnati\/t::!~l, 
~3c.tion rnodu!e 300 rn~3'/ send instructions to oth6r s:lt:;tBn1s associat6d \A/ith vehic!t:! 200: 
suci·1 as tJrakinQ sy·stt~rn 230, turn si{Jnr:1!s, u·1rott!in{J systen1 220, etc. in son1e 
t~r1"1bociirnt~nts action r1"1odu!t~~ B30 ~T1a·y instt~fld providt:~ a 1~1ur1"1~ln opt~rfltor of tht:~ vt:~hicit~ 
vvith auciiol vit:;u~3l hapticl or tacti!t:~ 1{t:!6db~3c.k reprBt:;t~ntativt:~ of tht~ in1{orrnation 9atht:~r1~d 
fron·1 the rt:devant s~/sten·1s and/or sensors. ~ri·1e hurnan operator rnay· tht:;n act on this 
it~t~db~lCi\ to stt~f~r tht~~ vt~~1~1ic!f~ to ~l difft~rt~nt !ant~ 

[0·1 ·1 ··i] F:lC3. ·10/.-\ pro\tidt::s an annotatt::d v!~2vi ol tt';t:: situation dt::pictt~c] in F:lC3. a. \/t~t,;ic!t:: 
200 is onct~ a~1a!n travt~!in~1 in !ant~ a ··1 O of roadvl~":P:l BOO\ vvhici~1 is al:1out to f~nd \lt:~hicit~ 
200 !s aQE:tin equipped vvith in1a{Je capturt~ de\1ices ·122 and ·12.4; n1ore or feV\ler de\/ict:;s 
n1ay· bt:: associatt~d \fvit~·1 any particular \tehic!t~ 200. 

[O··! ·12J T·o tht~ ri~1i·1t t:;id£~ of roadvvay BOO art:! road S!9ns ·1002 and ·100-4-. &rht~se t:;iQns art~ 
ex~2n1plary, and not intt~ndt~d to bt~ !irnitin~1. f~oad sifJn ·1002 prt::st::nts a \/isua! d~:p!ction 
of a lane endint;l &rhis t:;iQn is 1\s~rni!iar to r11an:-l drh/Brs) indicatin9 a ne£~d to n16r&1e. ~::;i9n 
·1004, t~/picany placed closer to the .actual end of u·1e lane, inforn·1s drhlers u·1at the 
1'L . .!..\f\lE: E:!'J[J~)'" iV1E:":F~C;E:~ LE:F:·r.1• c.:.onsistt~~nt \~vit1~1 disc!ost:~d t~rnbodin1t~~ntsl sy·stt~~rn ·100 
n!flY bt~~ corrfiQu:\~~d to t~~x.tr1lct inforn!fltion frorn road si~1ns sucl1 as si9ns ·1002 and ··100.4 
1-=or purpost~s of detern1inin{J if anci vvhen tht:; current trr:1vt:;I lane th.at a vehicle 200 !s 
trav~:!inQ in is ~2nc]!n(~. F:or visual siQns such as sign ·100.2: !n1afJt~ c::apturt:: dt::v!ct::s ·122., 
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·12t3 n1a\/ c~lpturt:~ !1T1a~1f~s of t!·1t~ t~ntirf~ fE~ct~~ of ti·1f.~ si~1n, !rnaQt~ proct:~ssor ·190 n1fl\/ bf~ 
confi~1ured to r1~co~1nizt:! tf1t:! irnatie p-:.~th:~rn of si9n i 002 and n1~~y transn1it inforn1ation 
to otht~r rr1odu!t~s or un!ts \:Vitt';in S~lStE)!T1 ··1 DO !nc]!c;:1t!nQ u-iat tht~ sign instructs that tJ1~2 

!ant~ is t~nciin~i. !n sor1"1t~ t~rnbodin1t~~ntsl constitut~~nt rnodu!t~~s or subS'-/Stt~~rns 01~ S'-/Stt~~rn 
·100, such as rr1en1ory ·1401·150 rn(:1y· be confi~1ured to contain !ists or d(:1t(:1br:1st:;s 01-= 
t:/pic::a! road sifJns ;:1nd pattt:1rns for purposE)S of rapid, rE){:1!•-.tin1t:: dE)tE)ction and 
!nforn1fltion t~xtract!on. Si~1n ··i 00-4 contains only· tt~xt, and U4HJS its \~varninQ rnay l:1t~ rt~~ld 
by sy·stf.1~-r; ··100 u·1rou{Ji·1 optical ct·t.:1rr:1cter reco{Jnition (C)C~F~-) c.apabHity.-_ V\d·1ich n1ay bf:; 
confi[Jun~_::c) V\nH·1!n prot:,2ss!nQ unit ·1 ·i 0. ri-1t~n1ory ·i 40/·1 ~)0. in1a(~t:1 proct::ssor ·190 or any 
otht:~r constituent subsysten1 or rnodu!e of systt~n1 ·100. 

[0·1 ·1 ~)] E:xtraction of inforrT1at!on 1~ron1 roac] s!Qns is onE) of st~\/t::ra! actions that S~lStt::iT! 
·100 rn~3:-/ bt:~ confi9url:~d to 6X£~cute for purpost:~s of !~3nt~ recoQnition. in addition) systt:HT1 
·100, \iia !anf:; constraint ~-r;odu!e $:)·10 .and lane positionin{J rT1odu!e 920 '.1\l1U-1in n1t~rnor"'y 
··i .40/·150: !T1E~'-;/ bt~ confi~1urt~d to pt~~rtorrn \lisua! dt~~tt~rrnin~ltions of road\'\la\/ BOO and n1a~\t":~ 
~3c.cornpE:ln'/in~1 dist~3nct~ r1'1easurBr1'1t~nts b;=,~s6d on at ie;=,~st one indicator 01t position of 
thf.1 vt:;i·1ic!e. in tJ1e exan1p!e of F:ic;_ ·t Oi~, \larious potential rTH~E:1stu-l1n·1ents u·1at n1.ay be 
ust~d b\/ s·ystf.~!T1 ·100 flrt:~ shovvn, E.1y·stt~~rn ··i 00 !T1a·y obtE~in tht:~ rnt~~asurt~rnt:~nts b\/ 1 for 
exE:lrnp!e an;=,~!yzin~1 one or rnore in1;=,~QBS acquired by on£~ or rnor1~ of irnat;1t:! CE:lpturt:~ 
dE)\l!Cf..~S ·12.2~~ ·12f). fVlt~asurerl'lf..~nt ·100f3 iT!{°:1Y rt:1prt"::SE)nt tht:: total \:VidtJl \l-l of !.ant~ a ··10. 
l)istanct~ vv 1-r1ay also bt:~ thou~1i41t of as tht:~ surn of dist~lncf.~s x.·1 and x2 trorT1 F:!(3_ B plus 
the vvidth ot ve1·1ic!t:~ 200. i\l~t:~at:;ur6rn£~nt ·1 OOB rn~3'/ repr1~t:;t:!nt the radius ot cur\..-aturB r 01t 
roadvvay 800 as !.ant~ a··1 O corT1fJS to an t:1nd . .i\ st,1orh:1r radius r rTla)l !nc]!catt~ a rT1ort~ 
ur~1t~~nt nt:~t~d for S\/Stt~rn ·100 to stt~t~r \lt~h!c!t~ 200 into !ant~ 820. 1\/lt~asurt~rTlt~nt ·10 ·10 rT1a·y 
represent the ciistance d·11-=rorn \lehic!t:; 200 to a constraint associated vvith !.ane 8·10. 
'rh!s constn:1!nt n1ay ind!c.att:: that !an~2 e·1 O is t:=nd!nQ ... L\s discussed abo\t~2\ tht:: 
constraint rnay· bt~ a pE~intt:~d !inf.~) or rnflY bt:~ tht~~ natural t~dQt~ of road\~vay BOO. [)istE~nct:~ 
c1·1 ~-r;ay also be n1t:;asurt~d to any portion in thrt~endirnt:;nsiona! sp.ace of a barrier 1 such 
a~1 a (~uardraiL \:\la!! barrt~i: cx)n~\ or any oth~:r suc!·1 obj~:ct [)istanc~: c]·1 and oU';~:r suc!·1 
distE:lnC-E.~s: t:;uct&1 ~3s x··! 

1 
x21 ~3nd vv, rnay bE.~ rn£~at:;ur6d 1trorn ;=,~ny porbon en-: t1·1B intt~rior or 

exterior vt:;i·1icie 200 inciudin{J but not Hn1itt~d to ti·1e front of \leh!clt~ 200, .a pori!on of 
\it~t,1!clt:: 200 such as a ht~.ad!iQht or 1~ront !ict:1nst:: plate, a pos!t!on as-,instai!~2d ol irT1a~1~: 
captur1~ dt~vic-E.~s ·122 or ·12.4: ;=,~ d6t6rrnineci c6ntroid en-: vBhic!t~ 200: tht:! rt~~3r en-: vBhic!t~ 
2001 ont:; or n1ort:; vv!ndst·1ie!ds or rn!rrors associated vvith vehicle 200) vv!·1ee!s of veh!clt~ 
2001 rig!·1t or lt~~ft s!dt~s or V./indo\:VS of vt~h!c!t~ 200) a point associatt:~d vvith tht~ roof of 
vBhic!t~ 200 1 or E:l point associ~3ted Vt/ith tt&1£~ c.hat:;t:;is of \/£~hicie 200. /.-\s Vt/iii l::B discusst:~d 
bt:;!ovv in association vvith process ··1·100 01-= F:ic;. ·1 ··1 1 systern ·100 rnay· use ont~ or both 01-= 
tht~ t~xtr~lctt~d road si~1n infonTH:ltion or tht~ distanct~s ·100t3~, ·10 ·10 to df.~tf.~n-r1 int:~ if tht~ 
currt:~nt trE:lve! !ant:~ of \lt~h!c!e 200 is £~ndin9. 

[0·1 ·1-4] F::c;. ·1 Of:1 i!!ustr~ltt~s E~n flCidition~li visual dt:~tt~~rrn!nfltion and/or st~t of distanct~ 
r11BE:lsur£~r1H:~nts U&1at syt:;tBn1 ·100 n1;=,~y us6 to dett:!rrnint~ if a currBnt travt:~! !;=,~nB !S £~ndin9 
on a road\fv.fry. in H'1t:1 t:1::<t:ui-1p!e of F·1c;. ··1 OE3 : tJ1~2rt~ art:: t~•\/O \.•·l::!·1\ck::s 200a and 200b 
driving in !E~nt:~ a·1 0 of roE~d\:va·y B00l vvh!ch is f.~nd!n~i-In sornt:~ t:~rT1bodin·1t~nts\ Vt.~!1ic.!t~ 
200;=,~ n1;=,~y be equippt~d vvith a systt~rn ·100 and rT1E:lY r11e;=,~sur£~ a ciit:;h:·u1c6 d.2 to tht:! b~3C-k 
sidt:: 01~ \tehic!t~ 200b. f)!stanct:: d.2 n1ay b~: rn~:asurt::d to or frorTl any of tht:: portions ol 
Vf.~hic!t~s 200a and 200b discusst~d prt:~\lious!y·. i\ltt~rnat!vt~!yl \/f.~hic!t~ 200b rnay l:1t~ 
equipped vvith tht~ systen·1 ·100: and n1.ay n1t~asure distance d2 baci"\_\f\lards to vehicle 
:>OO::-; f3ot.!'1 v~:h!c!t:1s an2 dt~p!ctt:1d as bt~in&1 t~qu!pp~2d ViiH'1 syst~2n·1s ·100 for purpost~s of 
F·1c;. ··1 OE3 \s t~~-xt:~1-r1p!ary· i!lustr1ltion. !n son1t~ t~rnbodirnt:~nts: tht~ systt:~rT1 ··100 (on 
vvi·1ichever of the t\:-vo \it~t·1ic!es ii!ustrated in F:ic;. ·1 Of3 ) ~-r;ay tJe confi~1ured to ~-r;ake a 
\tisua! c]eterrT1inat.!on ol \t-lht::U';~:r tht:: currt:1nt tra\/t::! !an~: !s t::ndin&1 bas~:d on distance d2 
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ont~~ or rnorf~ of ti•1t~ !df~ntifit~d ol:1jt~cts (f.~.Q-1 lflnt~ constrE~ints) usin~1 position st~nsor ··130_ 
!n sorn£~ t:HT1bod!n·1t~ntsl systt~n1 ·100 rn~3y ch:~ts:~r-r11in6 the distanct~ tror11 vt:~hic!B .200 to 
ont:1 or rnon2 of tht:: id~2nt!l~!~:d objt:1c:ts (t~ ~1 , !ant:: constraints) try ana!yz.in~1 ont:1 or rnon2 
irnaQt~s E~cqu!rt~d b':l ont~ or ~T1ort~ of !1T1a~1f~ capturt~ dt~vict~s ·122'"··12t1. !n Y't~t otht~r 
erT1bod!n·1ents, systen1 ·100 rn.ay· detf.1rrTHnt:; tht~ distance frorTl vf.1i·1icie 200 to ont:; or n1ort:1 
of tht:: !c]t:1ntilit::d objE)cts (t~.fJ., !ant~ constraints; by us!n~1 ;:1 con1binat!on of data pro\/!dt:1d 
b·y position Sf.~nsor ·130 and data obtainf.~d ti•1rough an E~na!:/sis of ont~ or r1"1orl~~ irnaQt~s 
r:1cquirt~d by· one or rT1ore of irT1a~1f1 c.apture devices 4122~-4i 2f5. l\t step ·1 ·1 :.:10) process 
··i ··100 rT1a:/ dt~tt~rn1int~ a position of tt~lE) vGhicit:1, suc~·1 as \/t~!·1!c!E) .200, bast~c] on {:1t !t:1ast 
one inciic.E:ltor of pot:;ition of tht:! \lt:!t&l!C!e. 'ri&1B t:~t !E.~E:lst ont:! indicator 01{ position of th6 
\/f.1i•1ic!e n1ay· inciucie in1·\1rrnation obtained try .a direct n1t:;asurinQ too!, physical device, or 
:-r1odu!~2\ suc!·1 as position st:1nsor ·1 ~10. i;_!tt~rnat!vt~!y or ;:1c]ditionai!,.y, tht~ at !t~ast onE) 
indiCE:ltor of position of tht:! \lt~t&Hc!e n1~~y inc.!udt:~ intorr1'1E:ltion obtain£~d by an indir6ct 
n1easuren1ent. F:or ex.a~-r;p!t~; in son1t:; t:;rntJodi~T1er1ts the at it:;ast one indicator of position 
n1flY inc!udt:~ a visu~li dt:~tt:~nT1ination of \t1-.lhici·1 !ant~~ (suci·1 as !ant~s a··1 O and B.20) ar1"1on~1 a 
p!ur~~iity CH{ lanes on E:l roadvv~~Y BOO that \it:!i&1ic!6 200 1T1ay bt~ trave!in9. !n otht:~r 
erT1bodin·1ents, tht:; .at !t~ast one indicator of position rn.a,y include ont:; or n1ore visual 
dt~tt~rn1inations. ·'r!·1t~ visual dt~tt~rn1inations nlflY bt:~ dirt~ct!:/ dt~tt~rn1int~d by softvvE~rt~ 
instructions t:~xBcuted by irn~3&1t~ acquit:;ition unit ·120 in th£~ rnann6r 01{ a 11rE:lnQe find6r, l! or 
n1ay· bt~ dE)tE)nT1!nGd frorn ana!y·sis 01~ !r1"1agt:1 data rect~iv-r:1d frorT1 data int~2rfact~ ·12a b,.y 
irnaQt~ proct:~ssor ·190 and acquirt~d b\/ ont~ or rnort~ of irna~1t~~ Cflpturf.~ dt~vict:~s ··122."··i .2(3. 
in son1t:! t~rnbodirnt:~nts, the at iB~~st one indic~3tor 01{ position r1'1a:l inc!ud6 a visual 
dt~t~2n1"1inat!on 01~ a distanct:1 to tht~ !ant~ ~2nc]!n(~. ·-ri·1is dt~tt~rn1ination rna'l: for t:1:xar1"1p!e, bt:1 
~T1adt~~ b\/ !ant~ constrflint n1ociu!t:~ 9·10 ~lnd !E~nt:~ positionin~i rnodu!f.~ ~)20 basf.~d on fl 
dt:;tt~rrnined distance fron·1 vehicle 200 to one or n1ore !ane constraints of roadvvay· BOO 
associat~2d \:V!H'1 ont~ or rT1ort~ !ant~s. !n st!!! ou~1t:1r E)iT1bodirT1~2nts\ thG at !t~ast one indic::ator 
of position 1T1ay inc!udt~~ fl \lisua! dt~~tt~~rrnin~ltion of fl distanct~ to a st:~cond vt~!·1ic!t:t 'rht~ 
second \it~l·1icie n1.ay be trr:1veiint1 in front of vehic!t~ 200. T'his is t!·1e scenario dt:;scribt~d 
abovE) !n association v.iitt'1 F·1c;_ ··1 OE3 . C)nc::~2 dt~tt~rn1in~2dl t~·1e positional inforrT1at!on n1ay 
bt:! stored vvithin systt:~111 ·i 00. such at:; in rl1t~n1ory i-40/·1501 anci rn~3'/ bt:~ Pf.~riociica!l:l 
upciated by !.ane positionin!J n·1oduie 920 as discusst:;ci abovt:; in association \:·vith F·ic;. 

[O ·t ·19] i\t step ·1 ·14.0) process ·1·100 rnay· detern·1ine (based on the t:;xtractt~d !ant:; 
inforn1fltion frorn stt~p ·1 ··120 E~nci tht:~ df.~tf.~rrT1int:~d distE~nct:~ 1{rorn tht~ vt~hick~ to tht:~ ont~ or 
r11ort~ roacivv~~Y eoo !ant:~ constraintt:; frorn step ·1 ·130); \A/hetht:~r th6 currl:~nt !an6 in \A/hici&1 
u·1e \tehicie is tra\1enn~1 is enciin{r i~s described ~lt:;nera!!y above) systen1 ·100 n1ay 
dt:~tt:~rrrnnt~~ tht:~ onQoin~1 status of.;] travt~! !ant~ such as !~lnf.~s e·10 ~lnd B201 vvithin a 
roadvvay BOO. F:or t:!X~3rnp!el syst6rn ··! 00 1T1ay Bxtract inforrnabon fron1 roE:ld siQnt:; ah6ad 
of tht~ \/t~t,1!c!G: such as road s!fJns ·1002 anc] ··1004. indicat!n~1 tJ1at tt~lE) !anG in ·v\lhic~·1 
Vf.~hic!t~ 200 is trE~\lt~!ing in rnay l:1t~ t~nding short!';/ . .i\dd!t!ona!!yl rnf.~E~surt:~~Tlf.~nts of 
distance !Tlay tJe rTt.:ldt:\ usin{J \tarious ek~rnents 01-= systerTl ··100. F:or ext:1!T1pk~; position 
st~nsor ·1 :30 and/or !anE) positioninfJ rnodu!e 920 n1ay st~nd inforr1"1ation to processinfJ 
unit ·1 ·1 O rt~t1ardin9 U&1B r£~!ativt:~ position of Vt:!t&1ic!6 200 vvithin h~1n£~ e·1 O/B20) inc!udint1 
t&1ovv far v6hic!t:~ .200 is tro1T1 tht:~ 6nd of tht:~ ian6. 'rhe enci of tht~ lane rna'/ be b~~st:~d on a 
iT1t:1asurE)d distancE) or a \/isua! dE)tGrrnination (e.fJ-: b'-;/ ana!yzinfJ ont~ or rT1ort~ irnaQt~ 
in1at1£~s acquirBd by ont:~ or rnor1~ of irn~3t;1t~ capturt:~ dBvices ·1.22.,·12t3). 

[0·120J if proct~ssinQ unit ·1 ·1 O df.~tf.~nT1int:~s 1{ron1 t!·1t~ acquirt~d infonT1ation thflt u·1t~ curTt~nt 
tra\lt~i !ant~~ is not t~ndin~i (Stt~p ··1 ·1.:10: NC)): tht~n proct~ss ·1·100 rnay· :\~~\/£~rt back to tht~ 
tJe~1innin!J, and sy·sten·1 ·t 00 n1ay continue to rnonitor t!·1e status of \/ehic!t~ 200 vvith 
rl:1spt~ct to its currt~nt !ant~ of travGL 'rhis condition rn-Ery rE)su!t, for ~2xan1p!t~, if a road 
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si~1n indicatf~s that a lflnt~ is f:~nd!n~1 duf.~ to road constn-.1ct!on: but dut":~ to ~ln O\/f.~rTid!n~1 

exct~ptionl i&1ovv6\/E.~r. suci&1 ~3s vvE.~alht:!r thE.~ tia:l of th6 v,./£~e~-c or ott&1£~r 1-::actors no vvori\t:~rs 
or obstach2s {:1rt~ actua!!y b!oci-dn~1 tht~ !ant~ Systt~rn ·100 rnEry also dt::tt::rrn!nt~, for 
t~~x.arr1p!t~\ vifl !ant~ constr1l!nt rnodu!t:~ SJ·10 th~lt a pt~rct~ivt~d shift !n CHlf~ or n10:\~~ !ant~~ 
constn.:1ints rT1a~/ be due to r:1 nt:nlv or tt~rnporary ror:1d pr:1ttt:;rn, or n1r:1y con1prise r:1 natural 
curvaturt~ in tht:: road. ()f courst:1\ tht:: drhlfJr Of any) of \/t~~~1;i:._··Jt:: 200 !s stH! capab!E) of 
chE~n~1in~1 iant~~s n1flr1Ufli!·y. 

[O ·12 &11 i;.!tt::rn{:1t!\/t~!y: if systt~n1 ·1 OD c]~2tt:1rrT1 int:1s tr--iat tht~ currt::nt tn.:1vt~i !ant:: !s t~ndinfJ 
(~)tep ·1 ·!-40: "tt:.~::;;l tt&1Bn proct:~ss ·i ·100 n1;:_~y proe-E.~t~d to st6p ·1 ·150. /~t stt~p ··! ·1501 proc6ss 
·1·100 n1.ay cause vehicle 200 to chan{Je !.anes to t:1notht:;r !ant~ of roEH.ivvay 800 th.at is not 
encj1n~1. \/\a action rnodu!t:1 9:30 l proct::ssin~1 unit ··1·10 rr1ay send an instruction to onE) or 
r11ort~ systt:HT1S ~3ssoci;:_~tt:!d vvith vf~hiclB 200. F·or t:~xt:·u11p!£\ an int:;trucbon n1;:_~y be sent to 
steerin{J sy·st-t:;rn 2tl0, instructin~1 \lehick~ 200 to n1t:;rt1e lt~ft or rit1ht into the next !anf.t 
i\dditiona! instructions rnay· bt~ Sf.~nt; for t~X~ln1p!t~\ !~T1a~1t:~ proct~ssor ·1 BO rnay· dt~tf.~nT1int:~ 
fron1 r1~;:_~!utirn£~ ir11a96 data that tr1-rflie. prt:~vBnts an in1n1t:!diE:ltt~ r11er\1t:~ into th£~ next lane. 
in thest:; t~rntJodii-r1er1ts, an instruction n1r:1y first bf.1 sf.1nt to brai\in~1 systerTl 230 anci/or 
th£~ turn siQna! control S~lStf.~!T1, flnd \/f.~hic!t~ 200 rna':l dt:~ct~!t:~ratf.~ or l:1t~ brouQht to fl stop 
until the dt:~sirt:!d n£~vv !;:_~nB is saf£~ to n1t:!t\]£~ into .. i\t U&1at tin1t:!l U&1B instruction to t~rtE.~erint;i 
systerT1 220 rT1;:1y· bt:: n1ac]e and tht:: \it~~·1\c!t:: n1ay turn In sornE) a!ternativE) E)1T1bodirT1~2nts\ 
\~v1·1t~rt~ \lt~h!c!t~ 200 is pE~rtifll!·y or full~/ undt~r th£~ control of a 1·1un1fln opt~rator 1 stt:~p ·1 ·150 
rnay inst6ad con1prisB &lt~nt:~ratint1 ft~edbacl\ to tt&1£~ opt:!rator inton-r1inQ th~3t the tra\/BI 
!ant:1 !s ~:ndin&1 and that a !an,2 t:!·1anQt~ is P2qtnrt~d. !n sorrH:1 erT1boc)in1t~nts an autornatt::d 
S'-/Stt~~rn suc!·1 as S'-;/Stt~rT1 ·100 and its action 1T1odu!t~ 930 rnay· t~li\t~~ ovt:~r opt~ration of tht:~ 
car and c.ause u·1e \tehicie to ct·1an{Je ianes auton1aticany as descritJed r:1bove if the 
r--1ui-r1an op~:rator dot::s not rt~spond to t~·1e ft::t:1dbac::k V\l\thin a ct~rtain tirnt:1 p~2r!od. 'rht:: 
tin1t~ pt~~riod n1flY bt:~ prt:~dt~tt~rrnint~dl or ~T1a·y bt~ CE~!cu!~ltt~d bast~d on visuE~! 
cietern·1inations of the ciistanct:; to t!·1e end of t!·1e lane such as tt·1ose dt:;scribed .abovt~ in 

[O··! .22] ~)ystt~n1 ·100 rn~3'/ dE.~tt:~ct vvt&1£~n an ol::jt:!ct is sitL~atBd vvithin a currt~nt !ane o-f trE:lve! 
anc( rf systen1 ~100 deterrTHnt:;s that u·1e object t~xceeds a u·1reshoid ht:;i!Jht, the systen1 
~T1ay stt~t:~r an associatt:~d \/f.~hic!t~ around or O\lt~r tht~ objt~ct. /\ '1!flnf.~'1 ~T1a·y rt:~tt:~r to ~l 
dt:!Sit;inateci or int£~ndt:~d tn3\/BI path 01{ a \/£~hie-le anci rn~3'/ have rnarkt~d (t:!.9.1 !in6s on a 
roaci) or unn·1arkt~d boundaries (e.~1-1 an ed{:~e or .a roaci a ror:1d barrier, ~1uard rail, 
parkt~d vt~h!c!t~sl Ptc.). or constraints. Systt~n1 ·100 rn~:r--/ opt~ratt~ to rnakt~ ·u·1t~st~ 
dE.~tt:~ctions E:lnd cietBrr11inabons basE.~d so!t:~!y on \lisua! irn\)rrnation acquirt~d by onB or 
1-r1on2 in1agt:1 ac::qu!s!tion units. in sorT1f..~ ~2n1bod!n1t::ntsl S'iStt::rn ··i 00 rr1ay bt~ corn~!(~urt~d to 
dt~tt~ct objt:~cts in fl roacfv\la':l thflt projf.~ct al:10\lt~ tht~ roacivVflY surfE~ct~~ b:l ~ls !itt!t~~ flS 2 crT1. 

[0·12:3] F·1c~. ··12 !!!ustrat~:s a \/t::!·1icit:1 .200 travt~iin~1 on a road\fva'y 800 in \fv~·1ich tht~ 
disc!os6d S'/Sterns ;:_~nd rn£~ti41ods tor detectint1 an objt:~ct in the roadvvay rna'/ bt:~ usBd. 
\ie! 41ic!t:~ 200 is dt:!pictBd E:lS bt:!in9 t~quipped vvitt&1 irna9e c;:_~ptur£~ devict:~s ·i .22 anci ·124•; 
1-r1on2 or ft::vvt~r in1a(~e capturt:: d~:\dct~s (!nc!udin&1 can1t::ras: for t:1:xan1p!e) rnt:ry t)~2 
en1p!oyed on any particular \{£~hie.le 200 . . i'-\S si41ovvn1 roadvvay BOO rnay t:e subdi\lidt:~d 
into !anesl such as lr:1nes e ·1 O and 820. Lanes 8 ·1 O .and 820 .are s!·1ovvn as t:;xan·1p!es, r:1 
g!vt~n roadvvfl\/ BOO rnay 1·1a\lt~ ~ldditiona! !ant~s bast:~d on tht~ sizt~ flnd nE~turt~ 01{ t!·1f.~ 
roacfvv~:r-:l: tor t:~xan·1p!E.\ fln intt~rstatt:~ 1·1!~11·1-vv~lY' !n tht~ t~xarnp!t~~ of F:!(3. ·12 \ vt:~hiclf.~ 200 is 
trr:1vt:;!int1 in lane e·1 O; and tvvo otJjt~cts ·1202 and ··i 20.4 r:1rt:; located in !ant~ a 4i 0. ~)ysten1 

4100 n1ay, as discusst::d in dt::ta!! bt~!O\l'-/, caust~ \/f..~t,1ic!t:: 200 to stt~t::r around or ov~:r tht:: 
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[0·12-41 F)rocE)ss!ng unit ··1·10 r1'1ay· bt:: confiQun~.::d to dE)tt::rrnint:: ont:1 or rnon2 !;:1nt:1 
constraints associatt~~d \Alith t~~lch of lflnt~s B ·10 and 820 bast~d on a plurality of irna9t~s 
(°:1Cquired by inlE:l~Je C(°:1pture dt:;v!ce ·122n ·12f) that pn:.;cf1ss!n~1 unit ·t ·10 n·1ay receive v!a 
data !ntt~n\~ct:: ··L2a .. .£\ccord!n(~ to son1t:: t:=rnt)odh-r1t:1nts, tht~ !ant~ constr;:1ints n1ay bE) 
!dt~~nt!fit~d by \lisil:1!t~ !ant~ boundarit~sl such E~s d~lsi·1f.~d or solid !inf.~s rnarkt~d on a road 
surface .. l\dditiona!!~/ or r:1!ternativt1!y\ the !ant:1 constr(:1ints ~T!r:1y !nc!ude r:1n f:;ci!Jt~ of a road 
sun~act:: or ;:1 barT!t~r. /-\c]d!t!ona!!y or .a!tt:1rnativt:1!:/1 tht:: !{:1nt:: constraints rna,.y !nc!udt~ 
rnari\t:~rs (6.~1.; t1ottt:;1 dott:;) . ..L\ccorciint1 to son1t:! t:!rnbodirnt:~nts1 proc.£~ssinQ unit ·1·10 (\.li~3 
!anf.1 positionin{J n1ociu!e ·t 320, df:;scribed in detail be!ovv) rnay· detern·1ine constraints 
a~1sQc!att::cJ \lv·it1·1 1ant:1s e·1 o.1e20 t):l :dt::nt.11.:y!nq ~:1 rT1idpQint 01~ a road sun~act:: \:V1tJti•1\ suc1·1 
at:; tt&1£~ £~ntirt:!ty ot roadvvay BOO or a rnidpoint of ont:! of lE¾nt:~s e·1 O/t120. F)roc6ss!n~1 unit 
·1 ·10 n1ay· !c:ienti1-=y !ane constraintt=:. in .a!ternati,if.1 n1.annt~rt=:. such as by estin·1ation or 
t~~x.tr~lpo!ation bflSt:~d on knO\b./n roadvva:/ p~lrarnE.rtt:~rs Vihf:~n: tor t:~xarT1p!E.~, !int~s 
d£~si~1nt:~tint1 road !;:_~nBs such at:; !;:_~n£~s 8·1 O/B.20 art~ not p;:_~int£~d or otht:!rV,.l!St~ lal::e!t:~d. 

[O·l 25] [)t~tt~ction ot tht~ constr1lints and path\Ala'/S ot road\Alay· BOO anci constitut~nt lflnt~s 
8·1 O/B.20 il1ay include procBssin&i unit ·1·10 d£~t£~nl1inin9 their()[) rnodt~!s \lia ~3 c~3rn£~ra 
coordinatt:1 systt~n1. F~or t~xa:-r;p!t::: t~-1~2 :3[) rT1odt:1!s of !ant::s e··10/820 n1ay b~1 c]escribt:1d by 
a thirt:i'"dt~grt:~t~ poi':lnon1iaL !n ~lddition to 3[) n1ocit~Un~1 01~ travt:~! lflnt~i\ prt:1ct~ssin9 unit 
·i ·10 111ay pt~rforn1 rnu!ti&fran1t:! t:!stirnatio11 of host n1otio11 p{~1rarnt:~tt:~rs. such as tf1t:! sp6E.~d 
''lEl\J\l t:u1c] pitc!·1 rat~1s\ and/or ac::c::ek::ration 01~ \tehic!t~ 200. F'roct::ssin~1 unit ··1·10 rr1ay dt~tt~ct 
static ilnci rr10\lin~1 ot;jt:~cts anci tht:~ir position al! rt~!ativt~ to vt:~hic!f.~ .200) vvhici'1 \Ali!! bt~ 
dt:;scribed be!ovv !n associat!on vvith F:ic;s. ·t 4.t~ , ·14-t3 and ·15 .. F:or t~xarr;p!t:\ processin~1 
unit ·1·10 rr1ay ust~ in1a(~'2 cJata. (;F)~; tJata and/or data lron1 s~2nsors (t::.~1. position s~2nsor 
··i 301 spf.~t~d st~nsors) t~~tc.) to dt:~tt~~rrnint~ tht~ position 01~ \/f.~hic!t~ 200. F)roct~~ssin~1 unit ··i ·10 
rnay· furtht~r det-t:n"~T;!nt~ a road e!t:;vation n1ode! to trr:1nsforrn a portion or an of U-1e 
inforn1at!on acqu!n2d frorT1 u--1~1 p!ura!ity of irnaQt~s into ~)[) spact~. 

[0·12{3] !n the exan1p!e of F:ic;. ·12, sevt:;ra! rT1er:1st;ren·1ents are represented that sy·st-t:n-r; 
··i 00 :-r;ay ta~\~1 into acc::ount \:Vt .. 1t:1n dt:=tt~rrnininfJ pot~2nt!a! actions to tai<t:1 us!n(~ action 
rnociu!t:~ ·13~101 vvhich \Vii! be dt:!scribt~d in ciBtai! bE.~!O\A/. C)bj6cts ·1202 and ·1 .204· ;:_~rt:~ 
represt:;nted in U-1e H!ustration 01-= F!C3. ·12 .as .a cardbo.ard tJox and .a !adder, respect!ve!y. 
·l'i~1f.~St~ art~ con1n1on itt:~~TlS that ~Tla'/ bt~ tounci as obstac!t~s in a typical ro~lChlva~/\ for 
exarnp!e, aftt:!r taH!n~1 fron1 an unst:~en t:;t~cond vehic!t~- ·rht:~se objBcts art:~ n16ant as 
exarnp!es only. ~)ysten1 ~100 n1ay bt:; conf!{Jured to detect U-1e prt~sence of any object 
thflt rr1ay· l:1t~ found in a roadviay\ inc!uciing but not Urr1itf.~d to l:1ranci~1f.~i\ tirl~S or portions 
thert:~of. scraps 01{ rrH:~ta! or vvoocl spE.~ed burnps \:vilhin a tra\le! !ant:~. -=-~ hurnan or anirnal 
a p!p~:, a pit:1ct~ of anotht::r \.•·l::~·1!c!~1= t~tc. 

[O·l 27] f..\s part CH{ a drivt:~ruassist objt:~ct d6tec.tion syst6rn consit:;tBnt \A/ith disc!ost~d 
t::rnt)odirn~1nts. sy~1tt:1rr1 ·100 rT1ay· tJt::tt~rrnint~. for t::xa:-r;p!t::. tJistance~11·1 and !2\ \:V!·1ict--; n1av 
rl~prt~st~nt ti'1t~ dist~lncf.~ ot fl sun~~lct~~ of vt~hic!t~ 200 to \l~lrious -ft~aturt~s of roadviay BOO 
~3nd/or !;:_~n£~s 8·1 O/B.20, suc.h as ian6 constraints, road si9ns 1 or any oth6r sucl11{t:!~3tur1~. 
F:urtt--;~1r. sy~1h:1~-r1 ·100 n·1ay· tJt::tt~rrnint~ distances c:13 and d-tt\ \:V!·1ic:J; ar~1 d:stanct::s 
iT1f.~asurE.~d 1~rorn ~3 sun{-:.~ct:~ of vt~hiclt:! 200 to each of ot1jects ·1202 and ·! 204 
respectivt1!y. [)!stances suc!·1 as 1~1, !2, d3, anc:1 c:1-4 rnay· be ~-r;easured frorr; .any· portion 
of ti'1t~ intt~rior or t:~_xtt~~rior vt~hic!t~ 200, including but not !irnitt:~d to tht:~ front of vt:~hic!f.~ 
200) a portion 01~ Vf.~hic!t~ 200 such as a i~1t~~ld!igi,1t or front !ict~~nst~ p!att~~: a position ~lS·'" 
!nstaHed of in·1a~1t:; c.apture devices ·122 or ·121l) a deterrr;!nt~ci centroid 01-= \tehicie 200, 
u--1t:1 r~1ar of \/t::!·1!ci~1 .200, ont:: or rT1ona \:Vinds~·1it~!ds or rn!rrors associat~1d vvith \t~2h!c!t~ 200, 
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Espacenet - Description Page 40 of 72 

st~nt to flCtion rnodu!t~ ·1330 to flSsist in ch:rtf:~n-r1!nin~1 t!·1t~ propt~r dirt~~ction~li CCHJrst~ for 
vBhic!t~ 200ct id6aH:-r vehic!t~ 200d vvouki successfu!!y S\A/er\lt:! ~~round ol::jt:!ct ·120.2 Vt/hi!B 

nt:~ct~ss~lr~/ tor vf~hic!f.~ .200ci to r1"1ovt~~ outsidt~ of !E~nt:~ B ·1 O's constraints in ordt~~r to a\lOid 

objf.1ct ·1202, or it n·1ay bt~ nf.1cessary for Vf:;i·1ic!e 200d to sin1p!y· ct·1r:1n~1e !anf.1s, such as to 
!ant:1 820 ()nct:1 objE)Ct ·1202 !s p;:1sst::d, action iT!odu!~2 ·1 ~130 iT!ay SE)nd ;:1n indication to 
throttnn~1 S~lStf.~!T1 .220) br~li\in~1 s:{stf~rn 230\ and stf.~t~rin~1 ~?{Stf~rn 2-40 u·1at nonT1E~! 
operation of veh!c!t~ 200 ~T!(°:1y be resun1t~ct 

[0··!.47.J F·1c;. ·15 i!iut:;tn.:~tE.~s a proct:!SS ·1500ford£~t£~ctin9 ;:_~n object in;:_~ ro~3dvvayl 
consistent vv·ith disc!ost~d f.1~T1bod!n·1ents. ~)teps of proct:;ss ··i 500 n1r:1y bt~ perfon-r;ed by 
ont:: or rT1ort:: of proct::ssin~1 unit ·1·10 iri-1a~1E) acquisition unit ··120, pQs!t!on st:1nsor ·130\ 
in1E:lt1£~ proct:!ssor ··! 90 obj6ct detection rnodule ·1 ::1·10) lane position!nt1 n1ociu!6 ·13201 or 
r:1ction rnoduie ·13~)0. 

[0··!-48] ..L\t step ·15·101 proc.£~ss ·1 !500 rna'/ inc!udB acquirint1 1 usin9 at iB;:_~st one irnat;1t:! 
capture dt~\lice ·122; ·124, i:.1nci.1or ·12t) a piun.:1nty of irr1t:1!Jt:;s 01-= u·1e are.a surroundin~1 
Vf.~hic!t~ 200. In SO!T1f.~ f.~rT1bodin1t~ntsJ th£~ p!ura!it·y of irna~1t~s rT1~l~/ bt~~ of an ~lrt~~a for\Alard 
of V6hic!t:~ .200. F'n]cest:;int;i unit ·1 ··! 0 rn~3y rec.£~h/t:! tht:! plurality of ir1'1E¾t1£~s 1-:rorn tht~ in1;:_~QB 
c;:1pturt:1 dfJ\.•··!c~1(s) throufJh data int~1r·face ·12e. ·-r,~·1fJ p!ura!it:/ of h-r1a&1t::s n1ay tht~n bt:1 
procf.~sst~d in rf~al tirT1t~ b'-;/ irn~lQf.~ proct~ssor ··: EJO of proct~ssin~1 unit ·1··10. i1T1a~1f~ 
procet:;t:;or ·190 rnay pn]ct~ss t1·1B first in1aQB captured t:y th6 at !east onB !r1'1at1t:~ c~3pturt~ 
dt~vic~1: as \l'-/t::!! as at !east ont:: ac]ditionai irnaQt~ captur~1d at a iatt:1r point in tin-it::. ·T't·;e at 
!t~ast onf~ i!T1a~1t~~ Cflpturf.~ dt~vict:~ rnay· bf.~ confi~1urf.~d to :~1E~\lt~ ~l fit~ld of \lif~vv of bt:~tvvf.~t~n 
about 35 de~irees and .about 55 deQret:;s_ E:.xan1pies of acquirt:;ci !n·1a~1es .and pott~ntiai 
fit~!ds of vi~1\J\/ for sy·st~2n1 ·100 art:1 i!iustratt::d abov~1 !n association \l'-litt-i F·1c;_ ··l-4/\ . 

[O ·t .49] i\t step ·1520) process ·1500 rnay· detern·1ine a rt:;ft:;renct~ p!ant:; correspondint1 to 
u-it:1 sun·\ace of roadV\la·l BOO. ·rt1~1 dett:1rri-1!nat!on ri-1a:/ bt~ carrit:1d out by ont:: or n1ort:: of 
in1E:lt1£~ proct:!ssor ··! 90 obj6ct detection rnodule ·1 ::1·10) or !ant:! posibon!nt1 n1odu!6 ··! 320. 
-ri·1e reference plane ~-r;ay tJe sin1Har to tht~ p!ant:; ··1 ~toa describt:;ci above in association 
\fvitt·; F·ic~. ·1 ,t,1\ . ·-ri·1t~ n2f~2rt~nce p!an~2 rr;ay bt~ dt:=tt~rrnint~d bas~2d on tht:: p!uraHt'l of 
irna9t:!S CE:lpturt:~d by tt&1£~ at !t:~at:;t ont~ in1aQe capture dt:~\/iCt:!. In thest:~ 6rnbod!r11entt:;) the 
referenct~ p!ane n1.ay be detern·1ined by· an.a!yzint1 the first !n·1a~1e .and at !east a second 
irT1E~gt:~ frorn -3H1·1on~1 ti~1f.~ plurality of irr:aqt~~s, In sornf.~ f.~rT1t;odin·1t~nts tht:~ ioc~ltion of fl 
roE:ld\A/E:l1:l surfact~ r1'1a:l bt:! d6t6rrnint:!ci by ~3nE:l!ysis of tht~ p!ura!ity of !r1'1at1t:~s by irna9e 
processor ·190_ 

[O ·! 50] T'h6 re1tert:~11ct:! plane n1-:.~y b6 dE.~tt:~ctt:~ci t;y vva:l of par{~1!!ax in1-:orrn~3tio11 or Dy \bla'/ 
of d~1t~1ctin&1 ont:1 or rnorl:1 !an~1 constraints on tht~ roadV\l;:1y sun\~ct::. !n scHTlt:1 
f.~rT1bociirnt~nts tht:~ rt:~ff~rf.~nct~~ p!E~nf~ rna'-/ bt:~ cif.~tf.~rrT1inf.~d b'-;/ color or darknt~ss difft~rt~ncf.~s 
in tht~ in1aQB data. FJrocBt:;t:;in&i unit ·1·10 rn~3'/ t1t:~nt:!r~3t6 ~3nd pro post~ r1'1u!tip!t:! pot6nt!a! 
rt~lt~rt::nc,2 p!ant~s \t-Jith !rT1age proct::ssor ··190_ and tht~n st::!~2ct tht:: bt:1st cand!c]att:1. ()net~ 
a rt~1tt~rt~~nct~ plant~ is st~lt:~ctf~d\ infonT1E~tion about its ioc~ltion rnay· bf.~ stort:~d vvithin 
s:lsten1 ·100) such ;:_~s in n1ernory ·1.40/·150. !n sor1'1e en1bodirnentsl proc6ss!nt1 unit ·1·10 
and/or !rnaQt~ proc~1ssor ·1 ~)0 n1ay pt::riod!c::a!!'i rt::dt~t~2rn1!ne tt·1t:1 rt:1f~1n2nct:: p!an~1 t)ast~d 
on chan9es in th6 roadvvay sun\s~ct:\ t:;uct&; as eiev;:_~tion or cur\/aturt~ chan9t:!S; or \A/hen 
\leh!clt~ 200 turns onto a different roadvvay. !n son1t:; t~rnbodirr1ents1 processint1 unit ·1·10 
n1ilV bt~~ con-f!QLirf~ci to dt:~tt:~n-r:inf~ tht~~ rt:~1tt:~rf~nct~ plant:~ ·1.4'"oe corr£~spondin~1 to thf~ 
sunt~lct~~ of rofldvv~ly aoo as an a\lt~ra~lf.~ surfact~ !t~vt:~! associatt:~d vvith ~l roflCi surtacf.~ 
appt:;arint1 !n tt·1e plurality of i~T!a!Jt~s. ·-rt·1is ~T1et!·1od n1ay bt:; usefui, for exarnpie1 vvht:;n 
roadV\lay 800 is not pt::n'\.::ctiy flat or is ot!·1~2r\vise unusua! 1 such as !f tht:: road surfact~ 
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[0·1s·11 i~t stt~p ··153C\ procE)ss ··1soo n1;:1y !ocatt:1 a t:1rgfJt objt::ct in tht~ first !rnaQt~ and at 
!t:~ast ont~ st~cond irT1E~gt:~ tfli\f~n at a !att:~r tirnt~~ \~v!ti~11n tht~ p!urE~!!ty· 01~ irT1~lgt:~s. ()bjf~ct 
cietection n1odu!f:; ··13 ·10 n1r:1y !oc(:1te thf.1 i~T!r:1!Jf:;s based on tht~!r presence !n rT1u!tip!e 
!rT1a~1E)S aiT1on~1 tht~ plurality 01~ !rT1;:1gt:1s ac::qu!n:1d by· ti·1~2 S'iStt::iT!: as !!!ustn_:1tt:1d abo\tt:1 in 
association \'\lith F·1c;. ··1 ·4.i\ . C)l:1jt~ct dt~tt~ction rnodu!f.~ ·13·1 O rna'-/ dt:~tt:~n-r1!nf~ ont~ or ~T1ort~ 

pos!tionai ~T1easurt:1rT1ents (:1ssociatt:;d vvith u·1e detected object T'ht~st:1 rnf:;r:1surt~rnt:1nts, 
as discuss~2d ;:1bovt~ !n association V\l!th F~!C3s. ·14/~.--··l-4E3 : rT1a:/ !nc!udt:: rt::!at!\/t~ 
rneastH't:!rnents to otht~r objects 1 such as \lt:!t·1ic!6s or !ant:! constraints. 'rht~ dett:!rrninE¾tion 
of obJect position rr1(:1y tJe assisted by i:.1 direct n1t~asurint1 too!, pi•1~/sic.a! ch~\iiCt:\ or 
iT!odu!~2\ suc!·1 as position st:1nsor ·1 ~10. in otht~r t~n1bodirnE)nts: tJ1~2 dt~tt~rn1inat!ons rna'l 
include one or rnore vit:;u~3! dt~tt~rn1int:~tions. 'ri·1e \/it:;u~31 detern1inat!ons n1;:_~y b6 d!rect!y 
dt:;tt~rrnined by soft\A/Hrt:; instructions ext~cuted b~/ !n·1a~1e acquis!t!on unit ··120 in the 
n1flnnt~r of a \'ran~1f:~ findt~r 1 ' or rnay bt~ cit~tt~rn1int~d frorT1 anil!ysis of irnaQt:~ data rl:~ct:~1\lt:~d 
fron1 d;:_~tE¾ inten{;:_~ct:~ ·12e by in1;:_~t1B processor ·190 E¾nci acquin:~d by (H76 or n1ort:~ of irn~3&le 
capture dt~vices ·122-, ·12t). ()nee cietern1ined the object:s position n1ay bt:; stort~d '.1\liti·1in 
S'-/Stt:~rn 1001 Sl~c:·1 as in rnf.~rT1ory ·140/·! t50 and rT1~l~/ bt:~ pt:~riodic~li!y updatt:~d by objt:~ct 
dt:!tt~ction rnodu!E.~ ·13 ··! 0. 

[0·152] 1~t stt~p ··164.0, proct~ss ·1500 1T1a:/ dt~tt~rn1int~ ont:~ or n1ort:~ attributt:~s of tht~ 
dE.~tt:~ctt:~d objE.~ct(s), !n sornt:~ t:HT1bod!rT1entt:;I th6 object r11ay bt~ reco~~1niz6d as a particular 
objt:1c:tl bast::d on !n1~orn1ation ston:1d in a d.at.abast:: assoc::!att~d \:Vit!·1 systt~n1 ·100. /.\s 
discusst:~d abO\/t":~, tht~st:~ df.~tf.~rrT1!nt:~d attril:1utt~s ~TH:1~l inc!udt~ dirnf.~nsions of tht:~ dt:rtt:~ctt:~d 
object, such .as its heiQht relative to ti·1e dt~tt~cted rt:n·\~rence pi ant~. E_;y•sterr; ··100 rT1a~/ be 
confi[Jurt::d to dt::tt::rrnint:: tht~ ht::i&it-;t of .any objt:1c:t \:V!tt';!n a roac]V\lay· ti·1at t:1::<tE)nds at 1~2ast 
al:1out 2 crn fll:10\lt~ tht~ rt~ft~rt~ncf.~ plant~. !n ~litt:~rnE~t!\lt~ t~rnbodirnt:~nts: s·ystt:~1T1 ··100 rT1E~~/ bt~ 
confi!Jured to detect and detern1ine attributes for any· object t~xtendint1 tJet\A/een 2 and 
·10 c::rr; .abO\/t:: tht:: rt~l~t~rt::nct~ pi.ant~ !n ott-;E)r E)iT1bodirT1~2nts\ tht:: dt:1tE)nT1!nation of tar(~et 
objBct ht:~i9i·1t n1E¾Y E:dso t:B bE¾sed on a dt~tt~cted Vt:!!ocity of tht:! Vt:!t·Hc!e. 'ri·1B \/B!oc.!t:-/ n1;:_~y 
bt:; deten-r;int:;ci tJased on !nforn1ation received fro:-r; one or :-r;ore of thrott!in!J sy·ste:-r; 220 
or brai-dn~1 systerT1 2:30. l\dditiona! c]~2tans on u-iE) c.a!cu!ation 01~ a reft:1rt~ncE) plane for tht~ 
road surfact~ anci c~3!cu!atin~1 tht:! h6!9ht of a t;:_~t\]E.~t ol::jt:!ct rnay be found in LJ.~::;, F'atBnt 
i\ppiicat!on No, ·14./55il.,500, fi!t:;ci NO\iernber 2f3, 20·1 tl vvhic!·1 is t·1ereby incorporated by 
rf.~ff.~rt~nct:~ in its t:~nt!rt~ty·. 

r,0·153] ~)y·sten·1 ·100 n1ay bt:; confiQurt:;ci to deten-r;int:; actions associated vvith t!·1e 
dt:~tt:~ctt:~d objt:~ct basf.~d on tht~ dt:~tt:~rrn!nt~d attributt:~s. F·or f.~XE~n1pit~) systt~n1 ·100 and 
action rnodule ·1 ()30 rnay be confit1urt~d to takB no subst;:_~nti\t£~ action unlt~ss u·1e 
dt~t~2nT1!ned ht:=ifJt-;t of tht:: dt:1!.E)C:!.E)d objt:1ct t:=xc~:eds a tt1n2sho!d k::v~:L !n son1t:: 
f.~rT1bociirnt~nts tht:~ th:\~~si·1o!ci !t~\lt:~1 rna'-/ bt:~ at;out 2 crT11 ilS discusst~d ilbO\lt~. or rnay bf.~ 
f1iQf1t~r (e 9 . () crT1 4 cn1\ 5 crn t3 crn f.~tc.) dependint1 on usf.~r or S'/Stern prt:nt6rE.~11ct:!S, 
F·or exan1p!~2\ in sorT1~2 ~2rT1bodin1t::nts

1 
tt,;e tt,1rt:1sho!d iT!ay b~2 associatt:1d \J\l!th a dt::tt::ctt::c] 

roacfv\l~":P-/ c!t:~E~r1lncf.~ ht~i~iht of vt~hic!t:~ 200. !f proct~ssinQ unit ·1·10 dt~tf.~rrT1irH:~s 1~rorn tht~ 
ac.quirt:~d inforn1;:_~tion tt·1at ht:~i9i·1t of th£~ objt:~ct doE.~s not t:~xcBt~d the confi&iureci thr6sho!d 
(Stt::p ··1550: NC)), tht~n proc::~2ss ·1500 rnay r~:\tert bac::k to tht~ bt:=fJ!nn!n(r and systt~rn ·100 
rnay cont!nuf.~ to n1on!tor th£~ stfltus 01~ pott~ntia! objf.~cts \~l!U~11n ~l roaci'vVfly. 

[O ·15-41 i;_!tt::rnat!\/t~!y: !f systt~n1 ·100 c]~2terrT1 int:1s tr-i.at an action rr;ay bt~ nt::~:dt~c] in 
rt~sponst:~ to t!·1t~ prt~st:~nct~ of a df.~tf.~Ctt:~d objf.~ct in tht:~ road\~vay (Stt~p ··: t550: \(·E:E.1): tht~n 
process ·1 ··i 00 :-r;ay proct~ed to step ··i 5t30. l\t step ·15f30) process ·1500 rnay· cause 
vt:1hich2 200 to c::hanQt~ dir"t:1ct.!on.a! courst:: to e\. ... adt:1 or ott1er\:vist:1 pass a dt~tt~ct~2d ot)jt~ct. 
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F:!C3S. ·1 f) ~lnd ·17 is a st~cond ~:1n~1it~"o1~"\lit~~vv frorn tht~ t:/p!Cfli drhlt~r location in vt~~!·1!c!f~ 
200. ~rhe second an~11e.~of.~\li6\A/ !S vt:~rtict:~!i'/ repr1~t:;t:!nt6d by F.-C)\/ ·i t320l at:; shO\l'iln !n F·!c3. 
··if) {:1nd r-ior!zontaH:/ n2prt:1st:1ntt~d by F'()\/ ·1720, .as st·;o\·VTl in F~ic~ ·17 . c:ons!stt~nt V\lith 
t~~rnl:1odirnt:~nts of this disc!osurf~: tht~ first ~lnQ!t~~'"crf'"vit~\•v· ~lssoc!att~d \A.dth irnaQt~ c~lpturt:~ 
ch~\liCf:; ··122 fTla~/ be bro(:1der U-1an tht~ second ant1!t~--of--vie\:·V associr:1ted \:·vith U-1e typical 
dr!\it::r !oc{:1tion in VE)h!c!t:1 200

1 
·-r!·1t:1 dt~!ta bE)tvvt:1t~n tht:: bro{:1dt::r lirst .an~1!t:1--of-v!t::v\l .and ti·1t~ 

Sf.~conci an~1if.~"of,vit"j\Al is rt~~ft~~rt:~nct"jd in this ciisc!osurt~ E~s an f:~xtf:~ncit~d zonf.~. in sornt"j 
en1bodirnt:;nts; t1·1e e.xtended ~~:one n1.ay include objects !ocr:1ted outside the Si!Jht!ine of 
tht~ t:lpica! c]rhlt~r !ocat!on !n \lt::!·1iciE) .200, vvhic!·1 systt~n1 ·100 rna:l idt~ntif:/. !n ;:1ddition, 
s:lsten1 ·100 n1ay tri9t1£~r one or n1ore actiont:; ( £~. &l-l caus6 na\lit1ation~3! ri~sponsBt:;) 
tJased on (°:1 detern1ined chrH·1Qe associated \:·vith the obJects !dt~ntified in tht~ extencied 

[0·15£3] Fl(;_ ··1t3 d!ustratt:;s tht~ first t:;xan·1p!e for dt:;tt:;rrnininQ a c!·1ant1e associated \A/ith 
on£~ or rnort~ objf.~cts !ocE~tf.~d outsidt~ of thf~ si9ht!inf.~ of tht~~ typical drivt~~r location in 
ve1·1ic!t:~ 200. ·rht:~ an9u!E¾r ranQB ot F'()\/ ··! t)·10 E¾nd F"C)\/ ·1 f:120 is ust:~d in Fl(:.;. ··! t) 1{or 
diustr.ative purposes. in son1e en1bodirnents; FC)\/ ·1 f520 rnay· be, for exarnpie1 about f:.)5 
dt~grt:~t~s\ and F()\/ ·1f1·10 rnay l:1£~ 1\:)rt~xarnp!t"jl hight~rt!·1an t15 df.~~1fl"jt:~s. In otht~r 
en1bodin1t:!nts F"()\./ ·1 *':120 rn~3'/ bt:~! for BXE¾n1pie1 about ·135 cie9r6BS, and F"()\./ ·1 t)··! 0 rnay 
bE): for t:1::<an1p!t:1, h1&1t--1t:1r than ·1 ~)0 d~:~Jrt~t::s. hi[Ji•1t::r t1·1an ·1 t)O tJt::(~ret~s or ~·1!~1~·1er tt,;an ·170 
dt":~Qrt~f~S. !n so~T1f.~ f.~r1"1bociin1t"jnts, F~C)\/ ··1f3·10 and F:()\/ ·1 t120 rnay· bf.~ rnf.~E~surf~d in ~ln 
upvv~~rci dirt~ction 1{rorn tht~ horizon .. /..\s sho\:vn in F·1c;. •lf:1

1 
tht~ extenciBd zon£~ rnay 

!nciudt~ a tra·flic iarr;p fixturt:1 ··1 f3~10 !ocat~2d !n a rt::fJion abovt:: vt::!·1!ci~: .200 ·rraffic !arnp 
fi.xturt:~ ·1 f330: \'\lh!ch is !ocatt~~ci outsidf~ of t!·1t~ si~1i~1tiint~~ of t!·1f.~ typicE~! dr!vf.~r location\ 
displays r:1 red !!{Jht. !n son1t~ t~rnbodi~Tients, sy·sten·1 ~100 n1r:1y bt:; atJlt~ to detect trr:1ffic 

[0·15fJ] ()ne t:1xan1p!e of tht::s~: s!tuat!ons is \:v~·1en a driv~:r of vt~t--iic::!t:: 200 appHt::s tht~ 
brE¾~\6S in a rn~3nner th~~t ct:~uses \ie!·1ic!6 200 to stop O\/£~r tht:~ stoppin&i lint:~ of tht~ 
intt~rsection an(J/or positions vehicle 200 too close to traffic ii!Jht fixture ·13t)O. i\noU·1er 
t:=xarrip!t:: 01~ t~·1est~ situations is \t-lht::n v~:hic!t:1 200 rt~acht~s ti·1~2 stoppin&1 !in~2 at an 
intt:~rsBctionl and tr~~ffic !Eu1·1 p fixturt~ ·1 f330 it:; p!~3e.£~d on ~~ hit;ih pole so it c~3n be SBt:!n 
1-=rorn a distance. E3t:;caust~ tratlic !arTlp fixture ~1 t3~)0 is located outside FC)\/ ·1 f520) V\d·1en 
th£~ !i~1!·1t in tr~lffic !EH1'lp fixturt~ ·1 f)30 ch~ln~it~s to grf.~t~nl E~ drivf~r \~vho sits in th£~ t:y'p!ca! 
driv6r location \l'i/OU!d not bB ab!£~ to dt:~t6ct the status chant1t:~. f-10\:vt~verl syst6rn ··! 00 
vvould be .ab!t:; to dt~tect the status ch.an!Jt~ of tJ1e tr.affic !i{J!·1t because trr:1ffic !an1p fi.xture 
··: (3:30 is !ocatt:~d vvithin F~()\/ ··1 f3·1 C\ E~nci thus in \/!t~V-..l t:n{ ir1"1~lQf.~ capturt~ dt~r,/!Ct~ ·122. 
identifyin9 tra1~lic !it;ihts !ocatt:!d in a r£~9ion abO\/£~ \/£~hiciB 200 n1ay irnprovt~ safety ~3nd 
dr!\lt::r convt:1nit:1nct~. F~or t::x.arr1p!~\ \:·vl1t:1n c::onsidt~rin&1 tJ-1~2 safety of tJ-1~2 drivt::r and H·1e 
p~lSSt"jnQt"jrs of '-./t":~hicif.~ 200: if trflffic !~ln1p fixturt~ ·1t330 is not insidt~ F:()\/ ·1t120, it ~T1a'/ bt~ 
unsafe to b:aci'\. up ve!·1icie 200 untii tr:affic larnp fixturt~ ··if330 is vvithin F:C)\/ ~1f320. !n 
addition\ t::v~:n :f backin(~ up vehic!,2 200 is not danq~:rous, it n1!(~ht bt:1 incon\tenient for 
the drivBr to back up \/£~hie.le 200. !none t:!rnbodirn£~nt! ~~ftBr dt~tern1inint1 that t1·1B Ht1ht in 
trailic !ar1'1p t!xturB ·1 t)30 has turT1t~d to 9rt:!t:~r\ systen1 ·100 rna:-l causB \/£~hie.le 200 to 
acc::~21~:rate to cross tht~ intt::rs~:c:tion 

[0·1t)O] Fl(;_ ··r7 d!ustratt:;s tht~ st~cond exarnple for cietern1inin~1 .a chan~1e .associated vvit1·1 
tht"j objt~cts !OCfltt~d outs!dt"j 01{ ti~1f.~ s!~1ht!int~ of tht:~ t:/pica! drivt:~r !oc~ltion !n Vf.~hic!t~ 200. 
'rht"j ~ln9u!ar ran~1f~ of F:()\/ ·17··10 and F'()\/ ·1720 is ust~d in F~!C3, ·17 for i!!ustrativf.~ 
purposes. in son1e en1bodirnt:;nts; F:C)\/ ·1720 rnay· be, for exarnpie1 about ·1 BO de~irees, 
and FC)\/ ·17·10 rr1a:/ l°Jt~ for t:=xarrip!t::: hi[Jht~r than 200 dt~(~ret~s, i·1!~1~·1~2r tt,;an 240 
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traffic !i~1ht rna'-/ bt:~ nt~~lrb'-/ t:~vt:~n vvhf~n no traflic !i9ht !s v!s!bif.~ in E~ currt~nt in1a~1t~\ but 
tht~ traffic !iQf1t ,r1las \/!Sibit~ 1n {~1 prior irnt:~96 (e,~1,\ a pnor 1~ra111t~ fiv6 fran1t:!S E:lt10) etc .. ). 
/\.dd!tiona!iy or ;:1!tt::rnat!\it~!'i: proct:1ss!n(~ unit ·1·10 r1'1;:1y· idt:1nt!f~l !n !r1'1agt:1 data objt:1cts 
inciicath./f.~ o-f il c!ost~ 1ntt~rst:~ction. For t~xi:H"r!p!t~. proct~ssin~1 unit ·1··10 rnay cit~tt~rn·1int~ that 
(°:1 trr:1ffic H~11·1t n1r:1y bt:; nearby by kientify·in~1 cross roads in in1E:1{Je dr:1ta of tht:1 ror:1d ahead. 
!n anotht~r t~xarnp!t~ l proct::ss!n~1 unit ··1·10 rr1ay !dt::ntify in !!T1{":1&lt":: data tht:: back of otht::r 
traffic H~1hts rl:~9u!atin~1 tri:rttic ~1oing in tht~ oppositt~ dirt~~ction to tht~~ driving dirt~ction of 
\/eh!clt~ 200. /\dciitionr:1!i'Y or a!tf.1rnr:1tivf:;!y) processint1 unit ·1·10 n1.ay usf.1 rn.ap ciata (such 
as data fron1 iT!{:1p datat)ast~ ·1 f)O) to !c]t:1ntily an !ntt~rst::ction. F~or t~xarnp!t::l proct::ssin~1 
unit ·1·10 rT1E:lY considt~r 9ener~~I rcH:·H.i shape dt:!scriptions t:!xtrE:lcted fron1 rnap d~~t~~tH:~st~ 
~1 t30 to cietern1ine th(:1t a tratlic H!Jht rT1a~/ be nt:;arby. 

[0·1t).4-] !n anoth6r ernl::odirnBnt) n1ociu!6 ·!802 n1~~y t:;tort~ softv~./t:~rt~ instructions) vvt1ich 
vvhen e::-(ecutt:;ci tJy· processin{J unit ·1··10) corrects optical distortion !n tt·1e plurality of 
irnaQt~s to t":~nflbk~ idt~ntifying thf~ objt~~cts. ·rht~~ optical distortion ~T1ay· bt~ E~ rt~sult of irT1E~~1f:~ 
capturB dt~vic.£~ ·122 usin9 an ultn3u\A/id£~ lens. F·or exarT1pk~\ tht~ optical distortion rn~3y b£~ 
a barre! distortion in vv!·1ich U-1e in1at1e rT1a~1n!f!cation decreases '.1\liU-1 distance fron1 u·1e 
optiCfl! axii\ and t!·1us u·1t~ distortion rna':l bt:~ rnost signifiCflnt c!ost~ to tht~ t~dQt~ of thf~ 
in1E:lt]£~ 1trarnf~. c:onsistent \Vith the prt:!S6nt d!sc!osurB) a plur~~lity 01t E:l!&iorithrns rT1a:l bt:! 
ust::d to corrE)Ct tht~ optical distortion that rT1a:/ n2su!t frorT1 us!n(~ an u!tra•-·\Al!dt~ !t::ns. F·or 
t~~x.arT1p!t~\ E~n fllQorithrn nlflY bf~ ust~d to corrt~ct tht~ optical distortion to icit~nti1ty an objt~ct 
c!ose to th6 ed9t:! of tt&1£~ !rT1a9t:~ frE:lrne. f..\s anoth6r exarT1p!61 E:l di1{fert:!nt E:li&iorithrn n1E:ly be 
us~2d to !dt::ntify tht~ status of an objt::ct !ocat.E)d at tht:: t:=c]fJt~ ol u--1t:1 !rr1a~1t:: lran1t::. !n 
anotht:~r f~~T1bodi1T1t~nt\ thf~ irna~1t~ c~lpturt~ cit~\liCf~ rna'-/ inc!udt~ a plurality of irna~1t~ 
capture de\/iC6S { t~ ~l , h-r;a!Jt~ capture cie\ik:es ·122 ~124 and ··12f3), and e.ac!·1 !n·1a~1e 
c;:1pturt:1 d~2\...-!c~: n1ay b~: associatt::d vv!th a difft:1n2nt fie!d-,of-,v!~2\:v. rv1odu!~2 ·1 ao2 iT!ay stor~: 
so1thh'.;]rt~~ instructions \t1-.lhici·1: \'\lhf.~n t~xt~cutf~d by proct~ssin~1 unit ·1··101 corrt:~ctly· cornbint:~s 
!rT1a~1t:;s rt~trievt1d fron·1 the piur.aHty of irn-:.:1Qe capture devict~s. F:or t:;xan·1p!e, evt:;n vvht~n 
u--1t:1n2 rr1ay bt~ son1t~ O\/t::r!ap in tht:: lit::!d·-{J1~·-·\/!~:,t-i/ of bA10 !rnaQt~ captur~: devict::s 1 d!ffert~nt 
p~~rts of an obj6c.t rT1ay bt:! CE:lpturl:~d by U&1£~ diilt:~rBnt irT1E:l~1£~ capturt~ de\ticet:; .. i\ccon:iin~~ilyl 
object identifyin{J rT1oduie ·1 t102 rT1ay· inc!udt~ instructions for identh'\tin{J objects in 
rt~g!ons that span adjo!n!nQ !rT1a~1t:1s capturt~d by dh'lt~rt::nt irnafJt~ capturt:1 c]~2\l!Ct::s. 

[O·tt35] in one en1bociin1t~nt status deten-r;inin!J rT1oduie ·1£504 rT1ay· store softvvare 
instructions Vihich 1 vvhf~n f.~Xt~cutt~d b'-/ proct~ssinQ unit ·1·10: df~tt~~rrnint~s ~l status of fln 
objt~ct ic.ientifi6ci !n tt1e in1-:.~t1t~ c.t:.1la and !oc.atE.~d at !Bast !n p~~rt \Vithin an extBndE.~d zont:t 
C~onsistent vvith u·1e prest:;nt disclostnl;) tht~ extended zone inciudt~s the re~1!on bet•J\:-een 
tht~ fit~h:l,of,vit~\;\l of ~ln irnaQt~ c~lpturt:~ cit~\liCf~ (t~tg.\ F~()\/ ··: t3·10 flnd ·17-·i 0) and tht~ fit~!ci•,of" 
vit:~vv of ~3 t'/pic.a! driv6r location in \/£~hie.le 200 (6.~1.; F:C)\/ ·i t320 and ·1 ·720). in ont:~ 
erT1boc]!r1'1t~nt, status dt::tt::rrn!n!nQ iT!odu!~2 ·1 a0-4 iT!ay stor~: soft~·v·ar~: !nstructions 1 \Alhic!·1 
vvht~~n t:~xt~cutt~d b\/ proct~ssin~i unit ·1·10: dt~~tt~rrnint~s tht~ status of E~ traflic !iQht !OCfltt~d in 
E:1 re~1ion r:1bove vehicle 200. F·or e.:<i:.1n1p!e, processin!J unit ·1··10 rnay· detern·1ine the 
status of a tra·fl.ic ii&it--;t by corT1parin~1 one or rnon2 !r1'1agt:1s to stort~d pattt::rns. !n add!!.!onl 
~3 chan96 in tht:~ st~~tus of tht:~ tr~~ffic !i~1f1t n1~~y b6 d£~tt:~nT1in6d based on tt&1£~ diilt:~r1~nc6s 
fron1 bt:!tvv6£~n t1·1e stori~d patterns and tvvo or rnor1~ irT1a96s ta~-cen at difft~rent tin1t:!S. In 
anott--;~:r t::iT!bodirr1~2nt\ status dt~tt~rn1ininfJ rnodu!e ·1 B04-rna'l stort:: so1~tvvart:: instructions, 
vvhict1, vv1·1en t:!)t6CutE.~d by processH19 unit ·! ·10 ciBtBr-rT1in£~s tht:~ trajE.~ctory of n1ovin9 
objects located in a reQion tJeside vehicle 200. For exan1p!e, processinQ un!t ·1 ·i O rnav 
dt:~tf~rrnint~~ tht~ trajf~ctor"'-/ of u·1t~ rnovin~i objf~cts b:/ corT1paring fl plur~liit:l of inlflQt~s to 
t~~ach otht~r !n flddition, proct~ssinQ unit ·1·10 n1a\/ dt:~tf~rrnint~~ \~vi·1t~tht~r tht~ !T10\linQ objt:~ct 
!s on a possible coi!ision courst:; V\l\t!·1 ve!·1icie 200. 
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