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−→x (t) =
(

x y γ v a γ̇
) PQ7XR !" 2"#"$'*'. 1"# T#,["' >C# 1"' '\$-&"' 9"!&G*';& >04.& 1"# ]0#-$#!>&

−→x (t+∆t) = −→x (t) +
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∆x(∆t) =

1

γ̇2
[(v(t)γ̇ + aγ̇∆t) sin(γ(t) + γ̇∆t) + a cos(γ(t) + γ̇∆t)  !"#$

− v(t)γ̇ sin(γ(t)) − a cos(γ(t))]  !"%$
∆y(∆t) =

1

γ̇2
[(−v(t)γ̇ + aγ̇∆t) cos(γ(t) + γ̇∆t) + a sin(γ(t) + γ̇∆t)  !"&$

− v(t)γ̇ cos(γ(t)) − a sin(γ(t))]  !"'$()*
∆γ(∆t) =γ̇∆t  !"+$
∆v(∆t) =a∆t  !",$ !"-$.//01*()2 !"# 3456)796(109: ;56<4=:>504)?()=:4"

(xt0/yt0)

(xt2/yt2)

t2

(xt1/yt1)

t1

x

y.//01*()2 !"#"@ ;56<4=:>504)?()=:4 (xt1/yt1)A (xt2/yt2) ()* B045C0)=41
γt1 A γt2 D0: *4D E695:/420)) 617 F57?5()2 (xt0/yt0)

G,
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=# >??/6.,#3 @7A@ B/#. ./' @C DEFGF!('66/('# &/( /"%'# H!,I?!"#'# 3'-'/3(7

>??/6.,#3 @7A@7J K/' DEFGF!('66/('#G01#B('66!(/1# 89L℄K/' DEFGF!('66/('# M%'/B'# /# '/#'% ,#3'IN"%'# OP"' 51# 20200km ,&./' Q%.'7 F/' R?'%&/(('6# /& S!./1T'66'#?'%'/" !,I -T'/ *%'+,'#-'# -VGM6/B" /"%' E1B/(/1# ,#. W"%-'/(7 K!B H1M!6/B!(/1#B5'%I!"%'# .'% DEFGE1B/(/1#/'%,#3 ?!B/'%( !,I .'% Q%&/((6,#3 .'B >?B(!#.'B -T/B"'# .'&*!"%-',3 ,#. X'.'& B/"(?!%'# DEFGF!('66/('#) /#.'& ./' F/3#!66!,I-'/(-T/B"'# F!('66/( ,#. *!"%-',3 3'&'BB'# T/%. 45367 89L℄<7 >(&1B$"N%/B"'Q/#YRBB' T/' ./' .'% =1#1B$"N%') ./' .!B DEFGF/3#!6 5'%IN6B"'#) MP##'#.,%" '/#' H/#'!%M1&?/#!(/1# ?'/.'% *%'+,'#-'# "'%!,B3'26('%( T'%.'#7DEF B('66( -T'/ K/'#B(' -,% E1B/(/1#/'%,#3 -,% Z'%IR3,#3 45367 89L℄<J F(!#.!%. E1B/(/1#/#3 F'%5/' 4FEF<JD%1?' E1B/(/1#B'%I!BB,#3 IR% ./' -/5/6' [,(-,#3 4\]>G\1.'<7K/'B'% F'%5/' T!% ?/B -,& ^!"% @___ MR#B(6/" 5'%B"6'"('%( T1%G.'# ,#. '%6!,?(' '/#' E1B/(/1#/'%,#3B3'#!,/3M'/( 51# ±100m7 [!">?B"!6(,#3 .'% Z'%B"6'"('%,#3 MP##'# D'#!,/3M'/('# 51# ±10m'%%'/"( T'%.'#7 E%'/B/1# E1B/(/1#/#3 F'%5/' 4EEF<JZ'%B"6RBB'6(' 3'#!,' E1B/(/1#B'%I!BB,#3 IR% ./' &/6/(N%/B"' [,(-,#34E]`G\1.'<7K/' *!"%-',3$1B/(/1# /B( .,%" .%'/ 011%./#!('# /& aDFbCG011%./#!('#GBVB('& 4a1%6. D'1.'(/ FVB('& AcbC< .'2#/'%(7  '/ .'# 011%./#!('# "!#G9@



 !"! #$%&'$(&)*++,+(-. !"# !$ $%' () *+,#!$%$'! -.., %/+#!/ 01 21 3 ,!$4!*#%5! 6!.6,+4'%$'!-.., %/+#!/ 78/6!1 9,!%#!1 :;'!< =)  %!$! -.., %/+#!/ (/  !/ 3!%#.>?$!# @( A!$#%))!/1 )B$$!/ )%/ !$#!/$ 5%!, C+#!""%#!/ $%'#A+, $!%/< D%/! !,?$#! E8'!,(/6  !, F%$#+/@ @G%$'!/ D)4H8/6!, (/ C!/ !, G%, A!$#%))#1%/ !)  %! I$!( .$#,!*! +($  !, 7+(H@!%#  !$ J(/*$%6/+"$ A!$#%))# G%, <K/'+/  %!$!, I$!( .$#,!*!/ *+//  %! I.$%#%./  !$ D)4H8/6!,$ A!$#%))#G!, !/< F%! 9!,!'/(/6  !, I$!( .$#,!*! HB, n $%'#A+,! C+#!""%#!/ H."6#H."6!/ !, L.,$',%H#M
ρi = ri + c∆t+ wi = ψi + wi, NO<PQRG.A!%

ρi = Pseudostrecke zwischen Empfänger und Sender

ri =
√

(Xi − x)2 + (Yi − y)2 + (Zi − z)2

= tatsächlicher Abstand zum Satelliten i

ψi = ri + c∆t = störfreie Pseudostrecke zum Satelliten i

(Xi, Yi, Zi) = Koordinaten des Satelliten i

(x, y, z) = Koordinaten des Empfängers

∆t = Zeitoffset

c = V akuumlichtgeschwindigkeit

wi =Messfehler des Satelliten i

E!A!/ C#;,(/6!/  !$ C%6/+"$  (,'  %! 3!%# ,%H#$1 S./.$4'8,! (/ T,.4.?$4'8,! *;//!/ (/6B/$#%6! 6!.)!#,%$'! C+#!""%#!/*./$#!""+#%./!/  %! 9!?$#%))(/6  !, J+',@!(64.$%#%./ !,$'G!,!/< C%/ /(,  %! 5%!, /.#G!/ %6!/C+#!""%#!/ HB,  %! I.$%#%./$A!$#%))(/6 HB,  !/ D)4H8/6!, $%'#A+,1 *+//!$ A!% !%/!, (/6B/$#%6!/ C#!""(/6 $.6+, @( !%/!) K($H+""  !$ UIC?C%6/+"$*.))!/ N56"< VWX℄ (/ VWZ℄R< =) !%/! (/6B/$#%6! 6!.)!#,%$'! -./$#!""+?#%./ '+/ !"# !$ $%' A!%$4%!"$G!%$!1 G!//  %! 5%!, C+#!""%#!/ %/ !%/!, [!%'!WW



℄;* 5.#% !("$"$ Q"#7'%#"& $(&! 8 $()( &$"#,())<6.&@"& ,() "(&"# 3"&'.(@B"() (, >"#"(% ? & 1− 2m ,I@6(%*N.$2"#).&@"& !"# R"$)7'%#) %'A"& !(" (& !"& NAA(6!.&@"& V*J[<V*JT  !'#<@"$)"66)"& 38-<+&@"&'.(@B"()"& .&)"# ?"#$%("!"&"& >"!(&@.&@"& ', >"(<$G("6 "(&"$ P 6.^<38-<M,G7D&@"#$ Z_U℄ "#@"A"&* 5("$"# 38-<M,G7D&@"#$)"66) ,() "(&"# E#"`."&/ ? & J P/ !(" 8 $()( &"& /.# Q"#7L@.&@* N6$ S"<7"#"&/ @"6)"& !(" SRH<38-<8 $()( &"& '.$ !", S"7"#"&/$C$)",1 2"6%"$(& H'G()"6 J*V*V A"$%#("A"& 2.#!"* 5"#"& -)'&!'#!'A2"(%.&@"& (& !"&a"2"(6(@"& -().')( &"& $(&! (& !"& NAA(6!.&@"& >*J < >*K (& N&%'&@ >!'#@"$)"66)*  !"#$!%&' ()! *)+),.&%&')&/012'33340 56).6 78! ()& 9%!.5.&,665:)!6 ()! #;&',6%(,&1#)& <=:),.%&'>012'333?0 56).6 78! ()& 9%!.5.&,665:)!6 ()! #16)!1#)& <=:),.%&'[_
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 !"! #$%&'$(&)*++,+(-. !"#!$ %&"'!$#&'!$ &() *+),'*(-/! 0+!((! /!"&$1!*21!$3 45$$!$ )21!6$&$$'! 7&87&'/-$169!":&/"!$ ;<1(= >?@℄3 >??℄B #-! C2)-'-2$ &+) #!" D!$)62"#&'!$:+)-2$ E-' !-$!" C2)-'-2$ #!" D'"&F! &+) !-$!" %&"'! &G1(!-/!$=H-! 9!"I!$#+$1 <2$ J&$#E&"4!$ 4&$$ *+),'*(-/ *+" K!$&+-14!-' #!" C26)-'-2$-!"+$1 G!-'"&1!$L M$ >?N℄ I-"# !-$ O$)&'* G!)/"-!G!$3 #!" E-' P-(:!<2$ J&$#E&"4!$3 #-! !$'I!#!" #+"/ !-$!$ J&)!")&$$!" 2#!" !-$! 72$264&E!"& #!'!4'-!"' I!"#!$3 #&) Q&/"*!+1 (24&(-)-!"'= M$ >?R℄ I!"#!$ *+),'*6(-/ J&$#E&"4!$ &() S!:!"!$*)'&'-2$!$ :T" !-$ HKCD6DU)'!E <!"I!$#!'=>?V℄ $+'*' H&'!$ !-$!" D'!"!24&E!"& *+" 7-$-E-!"+$1 #!) C2)-'-2$):!/(!")G!- O+):&(( #!) KCD6D-1$&()= H-! H&'!$ #!" W-(#<!"&"G!-'+$1 1!/!$ &()7!))I!"'! -$ !-$!$ %&(E&$ Q-('!" !-$ +$# 28'-E-!"!$ #&#+"/ #-! H&'!$#!" M$!"'-&()!$)2"-4=X-$ O$)&'*3 #!" E-' P-(:! !-$!) <!"'!-('!$ O(12"-'/E+) #&) Q&/"*!+1 (24&6(-)-!"'3 I-"# -$ >?Y℄ G!)/"-!G!$= H+"/ :+$4G&)-!"'! X$':!"$+$1)E!))+$1I!"#!$ #-! Z&/G&":&/"*!+1! 1(2G&( (24&(-)-!"'= S!(&'-< *+ #!$ Z&/G&"6:&/"*!+1!$ 4&$$ #&) !-1!$! Q&/"*!+1 82)-'-2$-!"' I!"#!$=H-! 1"5F'! P!"&+):2"#!"+$1 &$ #-! Q&/"*!+182)-'-2$-!"+$13 I-! &+/ &+)OGG-(#+$1 [=[[ !")-/'(-/3 )'!((!$ P,+)!")/(+/'!$ -$ K"2F)',#'!$ #&"=O+:1"+$# <2$ OG)/&''+$1 4&$$ #&) Q&/"*!+1 $-/' &((! :T" !-$! C2)-6'-2$-!"+$1 $5'-1!$ KCD6D&'!((-'!$)-1$&(! !E8:&$1!$= M$ >?\℄ I-"# #-! 9!"6:T1G&"4!-' #!) KCD6D-1$&() &E W!-)8-!( <2$ P2$142$1 +$'!")+/'= X"1!G6$-) I&" /-!"G!-3 #&)) $+" 30% #!" D'&#' TG!" !-$! 1!$T1!$# 1"2F! KCD6OG#!4+$1 *+" C2)-'-2$-!"+$1 <!":T1'= >N]℄ !"(,+'!"' !-$!$ O$)&'*3 -$ #!E!-$! +$1!$&+! Q&/"*!+182)-'-2$-!"+$1 -$ P,+)!")/(+/'!$ #+"/ #!$ D-61$&(!E8:&$1 <2$ $+" *I!- KCD6D&'!((-'!$ <!"E-!#!$ I!"#!$ 4&$$=M$ !-$!E &$#!"!$ O$)&'* I-"# 2^-$! !-$! /2/&+:1!(5)'! [H6%&"'! 1!6$!"-!"'= O$/&$# !-$!) C&"'-4!(6Q-('!") I!"#!$ #-! 7!))I!"'! !-$!) J&)!")6&$$!") E-' #-!)!" %&"'! &G1!1(-/!$ +$# #&#+"/ !-$! Q&/"*!+182)-'-2$G!)'-EE' ;<1(= >N_℄B= H!" O$)&'* &+) >N[℄ E&/' )-/ !-$! @H6%&"'! #!" K!6G,+#!:&))&#!$ :T" #-! C2)-'-2$)G!)'-EE+$1 -$ P,+)!")/(+/'!$ *+ Z+'*!LOG/,$1-1 <2$ #!" &4'+!(( G!)'-EE'!$ C2)-'-2$ I-"# #!" "!(!<&$'! !̀-( #-!6)!" H&'!$G&$4 &$ #&) Q&/"*!+1 1!)!$#!'= ME Q&/"*!+1 4&$$ #&$$ #+"/7!"4E&()!a'"&4'-2$ +$# 7&87&'/-$16O(12"-'/E!$ !-$! &G)2(+'! C2)-'-62$ G!)'-EE' I!"#!$=
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 !"! #$%&(&)(%*++,)-./0%1,..21, !"!"! #$%&'%()*+ !"#$"%&'( )%(& '%( *'%! &'+ ,"+(-.)$'( 01%+2!'3 4"5'% &%' 6(72(8)9+:;<;-(8 c0 &'( 0#2+#1-(9#3 &%'  +:;;-(8)=(&'+-(8 c1 &'(  !"#$"%&'(12<+2;'#'+ -(& ls &%' >=(8' &') 0'8;'(#') 2(8%5#? 655%!&-(8 @?A B'%8# '%(',"+(-.)$' 01%+2!' ;%# c1 = 2 -(& −6 < l < 6?

−1 −0.5 0 0.5 1
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x

y

655%!&-(8 @?A?C ,"+(-.)$' 01%+2!' ;%# '%('+  +:;;-(8)=(&'+-(8 D"(
c1E F !"#$"%&'( )%(& '%(&'-#%8 &-+$ '%(' 6(72(8)9+:;;-(8 c03 '%(' 9"()#2(#' +:;;-(8)=(&'+-(8 c1 -(& %$+' >=(8' ls &'G(%'+#? 6($2(& 7"!8'(&'+H!'%$-(8 92(( &%'  +:;;-(8 2( I'&'+ 0#'!!' '%('+  !"#$"%&' 5')#%;;#4'+&'(?

c(l) = c0 + c1 · l J@?KLM2 &-+$ &%'  !"#$"%&'(12+2;'#'+ (-+ &%' 8'";'#+%)$' N"+; &'+  !"<#$"%&' 4%'&'+8'8'5'( 4%+&3 4'+&'( %( &'( 7"!8'(&'( 5'%&'( 65)$(%##'(B4'% O"+8'$'()4'%)'( B-+ 6((=$'+-(8 &'+ P'+'$(-(8 &'+  !"#$"%&' %;92+#')%)$'(  ""+&%(2#'()Q)#'; '+!=-#'+#? R%'+5'% %)# B- 5'2$#'(3 &2))&%' S'$'(B'%# B-+ P'+'$(-(8 &'+  !"#$"%&'( %( T$#B'%# '+7"!8'( ;-))?M')$2!5 92(( (-+ '%(' 5'8+'(B#' H'(2-%89'%# '++'%$# 4'+&'(3 &%' I'&"$7:+ &%' $%'+ 5'(U#%8#'( V4'9' 2-)+'%$'(& %)#? WX



 ! "#$%&'#('%&&)%*+,- !"!$%&%' (!" )*+,$+-(! (&"$ (./ )*+,$+-(!%0+*1%+2 !" #"$%!&&'() *"+ ,--+*!(.%"( "!("+ ,/-%0-!*" *'+0 *.$ ,/-%0-!*"(23-/4(-& !$% ('+ 5"! "!("+ 6(*"+'() !& 7.()"(%"(8!(9"/ 9/"!("+ ./$ :; &<)/!0= >( *!"$"& ?5$0(!%% 8!+* *!" @"+/"!%'() *"$ A-/4(-&$ 5"$0+!"25"(=  !" ,+B&&'() c !$% *"C(!"+% ./$ *"+ ,"0+8"+% *"$ D.*!'$ rE
c =

1

r
FG=HIJ-&!% !$% $!" "5"($- *'+0 *!" ?5/"!%'() *"+ 6(*"+'() *"$ 7.()"(%"(8!(29"/$ (.0 *"+ #-)"(/K()" 5"$0+!"5"(E

c =
dτ

dl
FG=GIL!+* *!" ,+B&&'() .'$ M/"!0'() G=G *'+0 *!" ,+B&&'()$*"C(!%!-(.'$ M/"!0'() G=: "+$"%N%O )!/%E

(c0 + c1 · l)dl = dτ FG=PIQ!(" M/"!0'() RB+ *"( ?'$+!0%'()$8!(9"/ .( "!("+ 5"$%!&&%"( SK()" *"+,/-%0-!*" 9.(( .'R)"$%"//% 8"+*"(O !(*"& B5"+ 5"!*" J"!%"( *"+ M/"!0'()!(%")+!"+% 8!+*=  !" .9%'"//" ?'$+!0%'() *"+ ,/-%0-!*"( 8!+* *'+0 *"(7.()"(%"(8!(9"/ τ(l) 8!"*"+)")"5"(O 8-5"! τ0 *"+ !(!%!./" 7.()"(%"(8!(29"/ !$%=  !" T.+!.5/" τ 8!+* $3K%"+ ./$ A.+.&"%"+ RB+ *!" 6(*"+'()"( !&7.()"(%"(8!(9"/ τ(ls)− τ0 *"+ ,/-%0-!*"($")&"(%" U"+8"(*"%=
τ(l) = τ0 + c0 · l +

1

2
c1 · l2 FG=;I>( ?55!/*'() G=V !$% "!(" ,/-%0-!*" '(* !0+ 7.()"(%"(8!(9"/ τ !& 9.+%"2$!$0"( ,--+*!(.%"($4$%"& *.+)"$%"//%= '+0 !(C(!%"$!&./" J0+!%%" "(%/.() *"+ ,/-%0-!*" 8!+* $!" !( *!"$"( ?52$0(!%%"( ./$ @43-%0"('$" "!("$ +"0%8!(9/!)"(  +"!"9$ 5"$0+!"5"(=  !",--+*!(.%"( x '(* y *"+ "!(N"/("( J0+!%%" 9<(("( 8!" R-/)% 5"$%!&&%8"+*"(E

dx = dl · cos τ(l) FG=WI
dy = dl · sin τ(l) FG=XI;Y
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c
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c
0

l
s

τ

x

y

 !!"#$%&' ()*)+ ,#-./-"$0&10'20&.
3%4/ 621.0##0& $04 7#0"/%&'0& %&$ 04&0%.01 8&.0'4"040& 9"4$ 01 -:0&;1"/.#"/< 901/=#! $"0 ,#-./-"$0 &"/. "& 0"&04 '01/#-110&0& >-42 !040;/0&!=4 "1.+

x =

∫ ls

0
cos τ(l)dl ?()*@

y =

∫ ls

0
sin τ(l)dl ?()A@3"010 8&.0'4=#0 1"&$ =%/ =#1 $"0 B>401&0# 8&.0'4=#0B !0C=&&.) 3"010 CD&&0&E%2 F0"1G"0# $%4/ $"0 H=I#-40&.9"C#%&' JK4 ,-1"&%1 %&$ L"&%1 !01."22.904$0&) M%4 0"&J=/040& F040/&%&' $"0104 8&.0'4=#0 9"4$ "& $04 N4=O"1 -J.0"&0 H=I#-40&.9"C#%&' 2". $02 74=$ 0 P0490&$0.< $=2". ,-1"&%1 $%4/Q"&1 %&$ L"&%1 $%4/ R%## 0410.E. 904$0& C=&&) 3=1  4'%20&. τ C=&&$%4/ $"0 7#0"/%&' ()S =%1'0.=%1/. 904$0&) 3=1 1"/ $=4=%1 04'0!0&$0N-#I&-2 "1. =%140"/0&$ '0&=%< 1-#=&'0 $"0 ,#-./-"$0 C0"&0 T&$04%&' "&"/404  %14"/.%&' P-& 20/4 =#1 US /=. ?P'#) VUW℄@) SU



 ! "#$%&'#('%&&)%*+,-
x ≈

∫ ls

0
1dl = ls  !"#$%

y ≈
∫ ls

0
τ(l)dl =

∫ ls

0
τ0 + c0 · l +

1

2
c1 · l2dl

= y0 + τ0 · ls +
1

2
c0 · l2s +

1

6
c1 · l3s  !"##%&' ()*( +(*,-(.( /00.12)',3)1* ()*(. 451361)7( ')3 ()*(. 4.8''-*+9:;*7(.-*+ <- (.6,53(*= >,** ()*( ?(3617( @(.A(*7(3 A(.7(*= A(56( ():*( 451361)7( 7-.6 /*()*,*7(..()6-*+ @1* 4.()9CD+(* ,**;6(.3" E)(9(?(3617( )93 )* FGG℄ls A).7 )* n P(+'(*3( 7(. S;*+(

s = ls/n -*3(.3()53T" M8. U(7(9 P(+'(*3 1 ≤ i ≤ n= A).7 7(. /*L,*+93,*+(*3(*A)*>(5 τi-*7 7(. 7-.696*)335)6( V,7)-9 7(. 4.8''-*+ ri C(.(6*(3
τi = c0 · (i− 1)s+

1

2
c1 · ((i− 1)s)2  !"#T%

ri =
1

c0 +
1
2 (c1 · (i− 1)s + c1 · is)

 !"#!%
WT



 !"! #$%&(&)(%*++,)-./0%1,..21, ! "#$#% &#'(#)* +,-$ $.-0 #,)#) 1-#,%23'#) (,* $#( 45$,.% ri 5)6'#)70#-*8! 9,# :#%*,((.)' $#% ;#)*-,+,)<#=% αi .)$ $,# >2%*7)$# xi .)$ yi#-',2* %,0 +,# ?3='*
αi =

1

ri
s @ !A8B

xi = sin(αi) · ri @ !ACB
yi = (1− cos(αi)) · ri @ !ADBC! ;.- E-(,**=.)' $#- %,0 #-'#2#)$#) &0-,**# ?F- x .)$ y +,-$ $,#43*5*,3)G $,# %,0 5.% $#( ,),*,5=#) H5)'#)*#)+,)<#= τi #-',2*G 5)6'#+#)$#*I

(

∆x
∆y

)

=

(

cos(τi) − sin(τi)
sin(τi) cos(τi)

)(

xi
yi

) @ !AJB
r
3

α
1

α
2

α
3

α
4 r

4

r
1

r
2

τ
4

x
4

τ
3

τ
2

y

xx
1

y
1

y
4

>22,=$.)'  !K!I >))70#-.)' $#- 1=3*03,$# $.-0 1-#,%2L'#);.( M#-'=#,0 $#- 1-#,%23'#)6>NN-3O,(5*,3) (,* $#- &0-,**+#,*# A .)$$#( P3=Q)3((3$#== 5.% R=#,0.)'  !AA +.-$#) S#-%0,#$#)# 1=3*03,$#)C 



 ! "#$%&'#('%&&)%*+,- !" #$"%&')!%*+!)%& ,$*%&#$- ! .#'&!)"#$-'/!$0%+ #$"%&'#)"1 2$ .343!+*#$- 5167 !'" *%#"+!) 8# '%)%$9 *:'' *:' ;<+=$<  <*%++ #$* *!% >+<4")<!*% 3!' 8# %!$%& ?!$0%+@$*%&#$- *%& >+<")<!*% A<$ 6B $:)%8# C3%&4%!$:$*%& +!%-%$1 D%! ?!$0%+@$*%&#$-%$ -&EF%& :+' 6B /%!)%$ *!% 3%!*%$.GG&<H! :"!<$%$ !  %& '"@&0%& A<$%!$:$*%& :31
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Polynom−Approximation

Kreisbogen−Approximation

Klothoide mit τ=30°

Polynom−Approximation

Kreisbogen−Approximation

Klothoide mit τ=45°

Polynom−Approximation

Kreisbogen−Approximation

.33!+*#$- 51671I J%&-+%!) *%& >+<")<!*%$:GG&<H! :"!<$%$K!$% *%& /!)"!-'"%$ .$/%$*#$-%$ A<$ >+<")<!*%$ !$ *!%'%& .&3%!" !'" *!%>+<")<!*%$4L#'!<$1 !"#$% &$% '($)*$#+,%>+<")<!*%$ 0E$$%$ M#'!<$!%&" /%&*%$9 !$*% *%& N#&)')$!"" *%& ;:&: %4"%& 3%&%)$%" /!&*1 N!% K&-%3$!'0+<")<!*% +!%-" 8/!')%$ *%$ !$!"!:+%$ >+<4")<!*%$1 ?!)"!- 3%! *%& L#'!<$ A<$ >+<")<!*%$ !'" *!% .3)@$-!-0%!" 8/!4')%$ >&C  #$-':$M:$- #$* >&C  #$-'@$*%&#$- OA-+1 PQR℄T1 U/%! >+<4")<!*%$  !" 0< G+%"" #$"%&')!%*+!)%$ .$M:$-'0&C  #$-%$ #$* >&C 4 #$-'@$*%&#$-%$ 0E$$%$ '!) '%)& @)$+!) '%!$1 >+<")<!*%$  !" -+%!)%&.$M:$-'0&C  #$- #$* #$"%&')!%*+!)%$ >&C  #$-'@$*%&#$-%$ 0E$$%$V%*<) %H"&% #$"%&')!%*+!) '%!$1 J%&:$'):#+!)" !'" *!%' !$ .33!+*#$-51661W:)*% *!% X&#$*+:-%$ MC& *!% Y:$*):3#$- A<$ >+<")<!*%$ -%'):Z%$'!$*9 /%&*%$ !$ *%$ $@)'"%$ >:G!"%+$ *!% D%'"!  #$- *%& ["&%0%$G&@4*!0"!<$%$ %&+@#"%&"1B\
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Klothoidensegment mit c
0
=0.001, c

1
=0.0005, und l

s
=50

Klothoidensegment mit c
0
=0.004, c

1
=0.00032, und l

s
=50

Klothoidensegment mit c
0
=0.004, c

1
=0.0005, und l
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=50

 !!"#$%&' ()**)+ ,"&-%.. $/0 1#2342"$/&56067/3/0 6%8 $"/ 1%09/&8207 !"!#! $%&')'*)&+,,-*./01&2-//32- 2-/ 4'&56*6'*'&)'**-*.:"/ ;/0/4&%&' $/0 =30/>/&>0?77%&'.9206%..46% 6%. $/0 @"&"/&/0>/&A&%&' $/0 B%#3"8%&>3"2&.>67/06 C9'#) 165"3/# D)DE !/.3/43 6%. FG/" =40"3A3/&+ H%&I4.3 7?../& $"/ /0>6&&3/& @"&"/& 920 $6. J640F/%' '/.42!/&%&$ $6&64 8%."2&"/03 G/0$/& C9'#) KLM℄ %&$  !!"#$%&' ()*DE)
Prädiktion aus Liniendaten

Verschiebung der 

Linien in die 

Mitte des 

Fahrzeugs

Fusion der Linien

Datenquellen

Multifunktionskamera

Krümmungen 

und Position 

der Linien !!"#$%&' ()*D)+  !#6%8$"6'0677 8?0 $"/ ,07"33#%&' $/0 =30/>/&>0?7A7%&'.9206%..46% 6%. @"&"/&$63/&H%0 ,07"33#%&' $/0 =30/>/&>0?77%&'.9206%..46% G/0$/& &%0 $"/ ,'2A#"&"/& 9/0G/&$/3O $6 /. ."4 !/" 6&$/0/& /0>6&&3/& @"&"/& 4I%P'/0 %7J/4#/0>/&&%&'/& 46&$/#& >6&&) :"/ !/"$/& =40"33/ F%0 Q/&/0"/0%&' $/0=30/>/&>0?77%&'.9206%..46% G/0$/& "& $/& 82#'/&$/&  !.4&"33/& &IA4/0 /0>#I03) RR



 ! "#$%&'#('%&&)%*+,- !"#%&!'()* +!" ,&)&!) &) +&! -&..! +!" /.01#.2)*! +!# 32%"45!(*# ! "#$" %&'")"$)'*!!+$,-./'0+--10+ 2#'")& ./' 2"! 301'4"+, 4+ 5"6'"1$"$7 !*--"$ 2#" 8#$#"$7 2#" $"5"$ 2"! 301'4"+, "')0$$& 9+'2"$7 #$2#" :#&&" 2"- 301'4"+,- y0 ."'-"&4& 9"'2"$ ;-#"1" <55#=2+$, >?@>A?

<55#=2+$, >?@>?B C"'-1#"5+$, 2"' D,/=#$#"$ #$ 2#" :#&&" 2"' %&'/E-&0$,"2"- 301'4"+,-F+'1 2#" C"'-1#"5+$, 2"' G=/&1/#2"$ ."'H$2"'$ -#1 2#" G'*!!+$,-69"'&" ,","$*5"' 2"$  '-I'+$,-)=/&1/#2"$? J0$2"=& "- -#1 5"# 2"' 4+ ."'6-"&4"$2"$ G+'." +! "#$"$ G'"#-5/,"$ !#& K02#+- r +$2 L#$)"= α7 #-& 2#"C"'-1#"5+$, 2+'1 M/=,"$2" N"'"1$+$,-./'-1'#M& !O,=#1B
rparallel = r +∆r ;>?@PA
lparallel = rparallel · α ;>?@QAF"' K02#+- r 9#'2 +! 2"$ C"'-1#"5+$,-M0)&/' ∆r 0$,"I0--& +$2 2#" 8H$6," 2"' G+'." lparallel =H--& -#1 0+- 2"! R'/2+)& 2"- "''"1$"&"$ K02#+-

rparallel +$2 2"! L#$)"= α "'!#&&"=$?F#" C"'-1#"5+$, "#$"' G=/&1/#2" !#& "#$"' G'*!!+$,-H$2"'+$, #-& $#1&9#" /5"$ !O,=#1? 3*' "#$" I0'0=="=" G+'." !*--"$ .#"' C/'0+--"&4+$,"$"'M*==& -"#$BST



 !"! #$%&(&)(%*++,)-./0%1,..21, ! "#$ #%#&#'($ )%*'%+,-./001%+ c̃0 -'%% $2$%,3 4#$ 5#$ $#%$, 6.$#,723+$%, 2$,&#00& 4$.5$%!
c̃0 =

1
1
c0

+∆r
=

c0
1 + c0 ·∆r

89!:;<:! "#$ #%#&#'($ =%5-./001%+ c̃2 -'%% $2$%,3 4#$ 5#$ $#%$, 6.$#,23+$%,2$.$?%$& 4$.5$%!
c̃2 =

1
1
c2

+∆r
=

c2
1 + c2 ·∆r

89!: <9! "#$ @%5$.1%+ #0 A'%+$%&$%4#%-$( τ B'.##$.& 2$# C'.'(($($% 61.B$%%#?&!
τ̃ = τ 89!::<D! "#$ EF%+$ 5$. 61.B$ l̃s B$.F%5$.& #?.$% G$.& 1%5 -'%% *3(+$%5$.0'7H$% 2$.$?%$& 4$.5$%I J1%F?,& 4#.5 /2$. 5#$ K.,C.1%+,-(3&?3#5$#%&$+.#$.&! "#$ EF%+$ 5$. #%L%#&$,#0'($% M?.#&&$ 5$. C'.'(($($% 61.7B$ dl̃ -'%% 5'%% 4#$ */. 5$% 6.$#,23+$% $.0#&&$(& 4$.5$%N 432$# 5$.G#%-$( α +($#? 5$. @%5$.1%+ #0 )1,.#?&1%+,4#%-$( dτ #,&! G#.55#$ "$L%#&#3% 5$. 6./001%+ '1, O($#?1%+ 9!9 '%+$4$%5$&N -'%% dτ51.? $#%$% M?.#&& $%&('%+ 5$. K.,C.1%+,-(3&?3#5$ dl 1%5 #?.$. '-7&1$(($% 6./001%+ c $.,$&P& 4$.5$%! =#%$ 4$#&$.$ Q$.$?%1%+ P$#+&N5',, ,#? 5$. K%&$.,?#$5 P4#,?$% 5$. EF%+$ 5$. K.,C.1%+,-(3&?3#5$1%5 5$. C'.'(($($% 61.B$% 0#& ls +∆r · τ 2$,&#00$% (F,,&!

l̃s =

∫ τ(ls)

τ0

r̃ dτ =

∫ τ(ls)

0
(
1

c
+∆r) · c dl

=

∫ τ(ls)

0
1 +∆r · (c0 + lc1) dl = ls +∆r · (c0 · ls +

1

2
c1 · l2s)

= ls +∆r · τ 89!:9<"#$ P1B3. +$%'%%&$% B#$. Q$5#%+1%+$% 0/,,$% */. 5#$ =.0#&&(1%+ $#%$. !"#$#%%&%&' ()$*& &$+,%%- .&/'0



 ! "#$%&'#('%&&)%*+,- !"# !#$ %"&') *+, -.'$)'!&"/ /!)$ 012.!)3 -.'$)'!&"/ #!/& &4,) &,"!56,60"$", &"7/!",$8 9!/& &,"! &", :"&!/24/2"/ ",*+..$; #' <6// &!" =!",$"/!)$ 0"), ",*+..$ #"!/8 >??!.&4/2 @8AB C"!2$ &6# D,2"?/!#; E"// "!/C"./"5,F0!##"/ /!)$ ",*+..$ E",&"/8 >.# :"!#G!". E!,& "!/" -.'$)'!&" 0!$ &"/*'.2"/&"/ 56,60"$",/ 2"EF).$3 c0 = −0,01m−1; c1 = 0,00061m−2; ls =
50m 4/& "!/"0 HI#"$ ='/ ∆r = 5m8 J" 2,1K", &!" -,+004/2#F/&",4/2&", -.'$)'!&" !#$; &"#$' 2,1K", !#$ &!" >?E"!)4/2 60 D/&" &", -.'$)'!&"/8
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originale Klothoide

parallele Linie

Länge ignoriert

Endkrümmung ignoriert

Winkel ignoriert

optimierte Klothoide

>??!.&4/2 @8AB83 D,2"?/!##" &", >GG,'L!06$!'/"/ "!/"# G6,6.."."/-.'$)'!&"/#"20"/$"# !" >??!.&4/2 C"!2$ "?"/#' "!/" M'G$!0!",$" -.'$)'!&"M8 N+, &!" -.'$)'!O&" E!,& &", P46&,6$!#)" N").", CE!#)"/ &"/ =!", ",E6,$"$"/ 56,60"$",/
c̃0; c̃2; l̃s 4/& τ̃ 4/& &", 2"EF).$"/ 56,60"$", 0!/!0!",$8 Q",#)!"&"/"MR"6#$O9P46,"MOS"$)'&"/ E4,&"/ 4/$",#4)$ 4/& 6.." ",26?"/ &6# 2."!O)" D,2"?/!#3 l̃s #'.. 4/=",F/&",$ ?."!?"/; c̃0 4/& c̃2 0+##"/ #' 6/2"G6##$E",&"/; &6## &6# D,2"?/!# &", T/&",4/2 !0 U6/2"/$"/E!/<". 2."!) &"0",E6,$"$"/ V",$ τ̃ !#$8  !"# ?"&"4$"$; &6## /4, &!" -,+004/2#G6,60"O$", &", -.'$)'!&" 2"F/&",$ E",&"/; 40 "!/" >//F)",4/2 6/ "!/" G6,6.."."-4,=" C4 ",,"!)"/8>/)6/& &", :"C!")4/2 &", -.'$)'!&"/G6,60"$", <1//"/ &!" 56,60"$",
c0,optimiert 4/& c2,optimiert )",2"."!$"$ E",&"/3 N+, "!/ -.'$)'!&"/#"20"/$!#$ &!" 9400" &", 56,60"$", c0 4/& c2 2."!) &", &'GG".$"/ T/&",4/2 &"#U6/2"/$"/E!/<".# 2"$"!.$ &4,) &!" ",E6,$"$" RF/2" ls8WX



 !"! #$%&(&)(%*++,)-./0%1,..21,
c0 + c2 = c0 + (c0 + c1 · ls) =

1

ls
(2c0 · ls + c1 · l2s) =

2τ

ls
 !"#$%&'()( *+('-./0 0'+1 /'-1 234 5'( (46741(1(/ 8(41( c̃09 c̃29 l̃s ./5 τ̃ 9 7:(4;.)) 234 ('/ <+=1-='5(/)(0;(/1 4'-1'0 )('/" &7-(4 6'45 5'( >?+21( 5(4 @/A1(4)-'(5( B6')-(/ 5(/ :('5(/ C('1(/ 5(4 *+('-./0 B. c0 ./5 c2 755'(41D

c0 + c2 6=
2τ

ls
 !"#E%

c0,optimiert = c̃0 +
1

2
(
2τ̃

l̃s
− (c̃0 + c̃2))  !"#F%

c2,optimiert = c̃2 +
1

2
(
2τ̃

l̃s
− (c̃0 + c̃2))  !"#G%&747.2 7.2:7.(/5 H7// 5'( I//?-(4./0 7/ 5'( /7-(B. J747++(+( <.4K( '/L=4; 5(4 <+=1-='5( (MJ+'B'1 :(4(-/(1 6(45(/D

c0,optimiert =
1

2
(

c0
1 + c0 ·∆r

− c2
1 + c2 ·∆r

+
2τ

ls +∆r · τ )  !"#N%
c2,optimiert =

1

2
(

c2
1 + c2 ·∆r

− c0
1 + c0 ·∆r

+
2τ

ls +∆r · τ )  !"#O%
ls,optimiert = ls +∆r · τ  !"!P%Q; /?-)1(/ <7J'1(+ 6'45 5'( L.)'=/ 5(4 K=4 57) L7-4B(.0 K(4)-=:(/(/<+=1-='5(/ :()-4'(:(/" !"#$% &'( )$( &*"  *+(,'!- )'("+$/'%'% 01$2+$#&'% &'( 3#%#4'%'(5'%%!%-R.4 S()1';;./0 5(4 <43;;./0)K=47.))-7. ;3))(/ 5'( K=4 57) L7-4AB(.0 K(4)-=:(/(/ <+=1-='5(/ B.)7;;(/0(27))1 6(45(/" &'( I.)4'-1./05(4 C14(H(/K=47.))-7. (40':1 )'- 7.) 5(; &.4-)-/'11)6(41 5(4 I.)A4'-1./0(/ 5(4 (4H7//1(/ T'/'(/" S(' <+=1-='5(/ K=/ 0+('-(4 T?/0( HU//(/234 5'( <43;;./0)6(41( c0 ./5 c1 5(4 V/7+(/ <+=1-='5( 5'( <43;;./0(/5(4 K(4)-=:(/(/ <+=1-='5(/ c0,optimiert ./5 c1,optimiert 0(;'11(+1 6(45(/

EO )'(-( I::'+5./0 !"WE%"
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0
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fusionierte zentrierte Klothoide
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 !"! #$%&(&)(%*++,)-./0%1,..21, !" #$%&'%!( ) *!$( & + ,( " -.""/ 0!" 1 ,$2") ," ( , 3!"! +4,( 5%67!& 89, :%$) '.* "; (.55 (! <.,.7 & , .") =.55& + ,( " 7455& "; +.5"!'& 7?)$!' !5&/ @.' , $! A ,& (! $2") , 3!"! 7 ', B"A%,7.&!%" " 4* ,( " C&,.D "E ,$.9A 9"( 5%$$& (.' , '?' , * ! ( , :95!%" ) +!'& & + ,( "/:4, (! F"A.")5-,4779") c0 +!,( +! 89E%, ( , @9,'5'"!&&5+ ,& ) 6*!$( &; (. '! ,A4, * !( #$%&'%!( " 9".*'2")!) E%" ( , 32") )  !)" & G ,& * , !&5& $$ "/ C%7!& +!,( "9, (! #,4779")52"( ,9") c
c0 + c2

2
=
τ

ls
JK/KLM@! 5 * ( 9& &; (.55 (! S!&& $9") ( , N"( ,9") ( 5 R.") "& "+!"- $5 =,%S & , (.5 )$ !' 0,) *"!5  ,8! $&; +! + "" ( , @9,'5'"!&& ( , #,47679") " ( , #$%&'%!( ) *!$( & +!,(/ @.,4* , '!".95 !5&  5 7?)$!'; ( "@9,'5'"!&& ( , N"( ,9") !7 R.") "& "+!"- $ τ 89 * , '" "; + "" (! N"( ,9") ( 5 R.") "& "+!"- $5 =,% S & , ( 5 #$%&'%!( "5 )7 "&5 .".$%)!', , 32") ) +!'& & +!,(/ F"'."( ( 5 (9,'5'"!&&$!' " R.") "& "+!"6- $5 τ -."" (! #,4779")52"( ,9") c1 +! A%$)& * 5&!77& + ,( "T

c1 =
c2 − c0
ls

=
2( c0+c2

2 )− 2c0

ls
=

2( τ
ls
)− 2c0

ls
JK/KPM@! (9,') 8%) " ,%& 3!"! !" F**!$(9") K/LU 8 !)& (! A95!%"! ,& #$%6&'%!( ; + "" (! (9,'5'"!&&$!' N"( ,9") ( 5 R.") "& "+!"- $5  ,7!&6& $& +9,( / B7 1 ,)$ !' (.89 , =,25 "&! ,& (! ) 5&,!' $& ,%& 3!"! (! A95!%"! ,& #$%&'%!( ; ".'( 7 "9, ( , R.") "& "+!"- $ ( , $2") , " 3!"! E ,+ "( & +9,( / F"'."( (! 5 , S &'%( !5&  5 7?)$!';  !" A95!%"! ,& UL



 ! "#$%&'#('%&&)%*+,- !"#$"%&' () *'+'$-'-. &%' /%$ 0- &'+ 1%$#)-2 &'+ !3-2'+'-  !"#$"%4&' "+%'-#%'+#5 60#7+!%$ 80-- &%'/' 9'#$"&' 0)$ :7+  !"#$"%&'- 2!'%$'+;3-2' 0-2'<'-&'# <'+&'-5 => &%' &)+$/$-%##!%$' ?-&'+)-2 %> @0-42'-#'-<%-8'! 0*$3-2%2 A"- &'+ ;3-2' &'+  !"#$"%&' () *'+'$-'-. <%+&:"!2'-&' B!'%$)-2 A'+<'-&'#. <"*'% w  !"#$%& '#( ! )( *#( +,"($!#-./01%)0#*(  ! *(, /#!.(! $2'3 ,()%(! 5/0%)0#*( /#("%6
τ =

τleft · lws,left + τright · lws,right
lws,left + lws,right

xrel, yrel) >!* F(-)'#!*#".(#%(! (vxrel , vyrel)& *#( #),(E0-#%#0! >!* F(-)'#!*#".(#% ,(/ %#B 2>; (#"(!(! G ),2(>" '#(*(,"($(!3L! M$$#/*>!" 83NO -#!* *#( (#!2(/!(! <),#%%( *(- M/"0,#%);>-  >H"(2(#"%&*#( #! *(! H0/"(!*(! 5 ?#%(/! !@)(, (,/@>%(,% '(,*(!6
Prädiktion aus Objektdaten

Ermittlung der 

Punkteliste der 

Trajektorie

Generierung einer 

Klothoide aus der 

Punktefolge 

Auswahl des 

Objektes

Datenquellen

Fernbereichsradar

Eigenbewegungsdaten

Positionen und 

Geschwindigkeiten 

der Objekte

Position, 

GierwinkelM$$#/*>!" 83NO36 M$/ >H*# ", ;; H=, *#( P(-%#;;>!" *(, <%,(.(!.,=;1;>!"-B0, >--) >  >- C$D(.%* %(!QR



 !"! #$%&(&)(%*++,)-./0%1,..21, !"#$%%&'( )!" *+,!-#!" ./0 )!% 12304!&( !" #$%&'((!)* $')$" +",((!)*%-."/!%%1/! /!% 234$5&$) (!%% 6!7)81%& 9/% 234$5& $"('&&$:& ;$"9$)< 9/% 9'"$5& -." 9$( =/1"6$!* >81"&?@'$"6! (!%% 9'$ #$;$*!)*%"'1&!)* 9$" 234$5&$ 3$%&'((& ;$"9$)A !)81%& ;$"9$) 9'$ "$:/&'-$) B$%1;')9'*5$'&$) 9$" 234$5&$ vrel ') #$7;$*!)*%"'1&!)*$) &"/)%>."('$"&A C%& 9'$ "$:/&'-$ B$%1;')9'*5$'& 9$% 2374$5&$% vrel *"DE$" /:% 9'$ )$*/&'-$ B$%1;')9'*5$'& 9$% $'*$)$) =/1"6$!*$%
−vego< %. 3$;$*& $% %'1 ') 9'$%$:3$ F'1&!)* ;'$ 9/% $'*$)$ =/1"6$!* G-*:?B:$'1!)* H?HIJ? C%& 9'$ "$:/&'-$ B$%1;')9'*5$'& *:$'1 −vego< %. 1/)9$:&$% %'1 !( $') %&$1$)9$% 234$5& G-*:? B:$'1!)* H?HKJ? L( $') 234$5& ')$)&*$*$)*$%$&6&$" #$;$*!)*%"'1&!)* 6! 9$&$5&'$"$)< %. (!%% $% $')$ "$:/7&'-$ B$%1;')9'*5$'& -.) ;$)'*$" /:%−vego /!>;$'%$) G-*:? B:$'1!)* H?HMJ?

vrel > −vego =⇒ Bewegtes Objekt in eigener Richtung GH?HIJ
vrel = −vego =⇒ Stehendes Objekt GH?HKJ
vrel < −vego =⇒ Bewegtes Objekt in entgegengesetzter Richtung



 ! "#$%&'#('%&&)%*+,- !"#$!%&'#( )' *" +"#&"#, -.//"# &!"/" !# &0/ 122 &!#03"#/4/3"- 3 0#/562 -!" 3 +" &"#7 8!" 6. +! & "!#" 9 0#/%03!2# '- &!" :2/!3!2#/&!;" "#)
△x, △y &"/ "!("#"# <0= )"'(/ )'- %"3)3"# >"!3/= !33 &' =("6.= 3 '#&0#/=%!"@"#& '- &!" 0A3'"%%" <0= )"'(0'/ !=3'#( γt  23!" 37

△xego = xego,t − xego,t−1 BC7CDE
△yego = yego,t − yego,t−1 BC7CFE
△γego = γego,t − γego,t−1 BC7CGE
xego,trans = xego,t −△xego BC7HIE
yego,trans = yego,t −△yego BC7HJE

xego,rot = xego,trans · cos(γt)− yego,trans · sin(γt) BC7HKE
yego,rot = xego,trans · sin(γt) + yego,trans · cos(γt) BC7HCE

xego,t, yego,t '#& γego,t ("$"# &!" 0A3'"%%" :2/!3!2# /2+!" L!#A"% '#& xego,t−1,
yego,t−1 '#& γego,t−1 &!" L" 3" 0'/ &"- %"3)3"# >"!3/= !33 0#7M- &!" :'#A3"%!/3" 0'/ &"#  "%03!*"# 122 &!#03"# &"/ N$O"A3"/ (xobj,rel,
yobj,rel) 0'6)'$0'"#, -.//"# &!"/" ("/P"!=" 3 +" &"#7 Q0 /!= &" M 5/P '#( &"/ 122 &!#03"#/4/3"-/ -!3 O"&"- >"!3/= !33 R#&" 3, -.//"# &!")'*2 ("/P"!=" 3"# :'#A3" 0# &"# #"'"# M /P '#( 0#("P0//3 +" &"#78!" 6. +" &"# &!"/" '- △xego '#& △yego *" /=2$"# '#& '- &!" L!#5A"%&!;" "#) △γego ("& "=37

xobj,trans = xobj,rel −△xego BC7HHE
yobj,trans = yobj,rel −△yego BC7HSE

xobj,rot = xobj,trans · cos(γego,t) + yobj,trans · sin(γego,t) BC7HTE
yobj,rot = −xobj,trans · sin(γego,t) + yobj,trans · cos(γego,t) BC7HDEQ0-!3 0'/ &" ("#" !" 3"# :'#A3"%!/3" !- #R=/3"# U= !33 "!#" 1%23=2!&"TH0#("#R=" 3 +" &"# A0##, ("%3"# 6. &!" :'#A3"%!/3" 62%("#&" V"("%#W



℄
x = xobj,rot YT5Z[\
y = k0 + k1 · x+ k2 · x2 + k3 · x3 YT5ZL\S"2.", ,#+ $%"&'#83(0# -!' N $%"&'#" &."" 83(0#",# ]#))0(#!2%"0 89+,!# 0#)%2'#" $.+.-#'#+ k04 k14 k2 %", k3 .%80#)'#((' *#+,#"X

K^
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y(0)
y(1)
...
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1 x0 x20 x30
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1 xN−1 x2N−1 x3N−1
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k1
k2
k3









=
(

ΨT · Ψ
)−1

ΨT ·









y(0)
y(1)
...

y(N − 1)









,  !"#<%=8:('
Ψ =
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x ≈

∫ ls

0
1dl = ls

y ≈ y0 +
1

2
c0 · l2s +

1

6
c1 · l3s?/148) I+ 6(/ 94('-+/)(/ !"#$ C !"#> =(26(/ 6'( )(*+-.(/ 01213(.(2 c0M

c1 +/6 τ 1/)(/O-(2."&'( P(2=(/6+/) 6(2 B48.-8'6(/)4('-+/) :(='2@.M 61** B48.-8'6(/ 3'.
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vorausschau im 

Nahbereich
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Verbindung der 

Vorausschau im 

Nahbereich mit der 

aus dem Fernbereich
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ca2 = ca0 + ca1 · las
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lus 2"."$0$ C"#)" : 7!" GE 2" )"./ )"#" 6"2+" $". 4/  .'+!$ C!" <'&2$ "#+!$$"&$ C"#)" H
lvs = lf − las − lus I@:JAK7!" , </ 2.4#=++* 2 )". "#.$" 6"2+" $". !.$ 2&"!( )"# ? )4#=++* 2)"# <*.!' !"#$" %&'$('!)"H

cu0 = ca2 I@:JJK7!" ? )4#=++* 2 !.$ 2&"!( )"# , </ 2.4#=++* 2 )". 0C"!$" 6"2+" 8$".H
cu2 = cv0 I@:JLKM=# )!" 9"#"( * 2 )!"."# , </ 2.4#=++* 2 cv0 4/  "! " M'#+"& +!$N!&<" F' O&"!(* 2 @:;A /*<2".$"&&$ C"#)" H PQ

Q: 7!" GE 2" +*.. 2&"!( )"+ GE 2" * $"#.(!") 0C!.(" )"# <*.!'8
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τm − τa =

cu0 + cu2
2

· lus +
cv0 + cv2

2
· lvs =

1

2
(lus · cu0 + lvs · cv2 + (lus + lvs) · cv0) !"#$%

⇒ cv0 =
2(τm − τa)− lus · cu0 − lvs · cv2

(lus + lvs)
 !"#&%'() *+,-./001+2 ,)3 45)(6)+ 7).8(+,1+233)20)+6)3 (36 ,() 9./001+2,)3 :;'<=>10)3 >+ ,()3). ?@+2)A

cv2 = cm0 + lf · cmľas 1+, ľus 8)4)(D+)6" P+6).31D1+2)+D>8)+ 2)4)(26N ,>33 7).@+,).1+2)+ ,). ?@+2) ,)3 45)(6)+ 7).8(+,1+23<3)20)+6)3 3J 216 5() -)(+)+ *(+R133 >1I ,() 7)..(+2).1+2 ,)3 7).3>64)3D>8)+ 1+, ,() 9./001+23@+,).1+2 (00). 3)D. -F)(+ 8F)(86"S(D6(2) 9.(6).()+ I/. ,() TO6(0().1+2 3(+, ,() U+,).1+2)+ ,). ?@+2)+N,() 9./001+23@+,).1+2 ,)3 ).36)+ 7).8(+,1+233)20)+6)3 1+, ,). 7).<3>64 >0 7).8(+,1+23O1+-6" '() V)3(,1)+ r1N r2N r3 1+, r4 3JFF6)+ 3J 2).(+25() 0W2F(D 3)(+A
r1 = ľas − las  !"XY%
r2 = ľus − lus  !"XZ%
r3 = cu1 =

cu2 − cu0
ľus

 !"X[%
r4 = ya + yu + yv − ym  !"X!%

$[
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ca1 !6;=-.&. 3'&- ,-% +#33'- %!;'$ -?; ,+.'8!-%'0* 8'$%'-D  !-!;8&$% %'$ I,!%$!*&3;' G';0'$ (ri)2 .'8&;*'* ,-% %&' J,++' s %,$; '&-'K'*;?%' %'$ 50'&-3*'- L,!%$!*' "#$ -&;*M0&-'!$' @$?60'+' +&-&+&'$*N

s = w1 · (r1)2 +w2 · (r2)2 + w3 · (r3)2 + w4 · (r4)2 OCDPQRG#$ %&'3' 2$6'&* 8'$%'- %&' B'8&;*' "#$ %&' .'$&-.' >$#++,-.3=-%'$,-.,-% "#$ '&-'- .'$&-.'- <'$3!*1 3';$ ;?; .'3'*1*D  '$ "?0.'-%' <'5*?$ r'-*;=0* %&' S'3&%,'- +&* %'- !-.')!33*'- 2,3%$#5'- "#$ r3 ,-% r4D T+%&' >?+)0'/&*=* "#$ r4 3? .'$&-. 8&' +7.0&; 1, ;!0*'-9 8,$%' >?3&-,3%,$; E ,-% J&-,3 %,$; 3'&- 2$.,+'-* '$3'*1*D  '$ @!$!+'*'$ d0 .&6* %'-&-&*&!0'- 0!*'$!0'- (U3'* 8&'%'$9 %'$ "#$ %&'3'3 :'&3)&'0 !03 0 !-.'-?++'-8,$%'D V6'-3? 8'$%'- %&' &-&*&!0'- W!-.'-*'-8&-5'0 τa0 ,-% τm0 6'*$!;*'*N
r =















ľas − las
ľus − lus

ľus (cm0 −ca0−cm1 lf−ca1 ľas )+2(τm
0 −τa

0 )+(lf+ľas )(cm0 −ca0 )+lf ľas (cm1 −ca1 )

ľus (lf−ľas )

d0 +
(2lf+4ľus +2ľas )(τm

0 −τa
0 )+((ľus )2+2lf ľus +lf ľas+ľus ľas )(ca0−cm0 )+(lf (ľus )2+lf ľas ľus )(ca1−cm1 )
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(

ľas
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− (JTJ)−1JT r  !"##%E!
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Fusion: PSD und Vorausschau durch Objekte

Fusion: PSD und Fusion Vorauschauen aus Linien und Objekte
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Fusion: PSD und Vorauschau durch Linien
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Fusion: PSD und Vorausschau durch Objekte

Fusion: PSD und Fusion Vorauschauen aus Linien und Objekte

PSD

Fusion: PSD und Vorauschau durch Linien

℄K PQ*℄ :$3. PQ(℄ 1"&$  &1?6J3 !31@."3!3&K 0"6$"313& 3"& 1:#@31 A3.@4#63& 3.<4&&6 F3.$3& <4&&)930J%5:#'3 F".$ $"3 D%1":& 4%1 789 %&$ $3. 86.3<3&2:.4%11@4% 4%1B"&"3&$463& "0 F3"63.3& A3.#4%5 $"313.  .!3"6 4#1 86.3<3&<./00%&'12:.=4%11@4% 23.F3&$36) O0 &?@163&  !1@&"66 F".$ $41 $4.4%5 4%5!4%3&$3B"&"3&0:$3## !31@."3!3&)QT



℄S= H2" J%'% K,*,% @,"' %,* E?0%*'%' >#$&#* H,$0%"6%"@%*'%0B '%" ',% $#0%"#$%* L)/0D*'% '%" K,*,%* A(& H#."A%(7B ',% T,%"5@,*:%$',U%"%*A (*' ',% >$!0.!,'%*9#"#&%0%" /.D0A0= 4,% E,*7#*7/'#0%*@%"'%* ,* L)),$'(*7 V=3W '#"7%/0%$$0=
Strecken-

krümmungs-

prädiktion

Linienmodell

Datenquellen

Multifunktionskamera

Eigenbewegungsdaten

Position und 

Art der Linien

Quer-

beschleunigung, 
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x̂k =

(

dy vy,rel ay,rel ψrel γ̇rel c0 c1 ls
)T  !"#$%&'( )*+,-+'.(/01213(,(2 c04 c1 5/. ls4 .(2 *1,(21*( 678,1/. dy 5/. .'(9'(2:'/;(*.'<(2(/= ψrel >(-(/ 1*8 ?(88:(2,( 158 .(2 @'/'(/(2;(//5/> '/.(/ )1*31/ A'*,(2 ('/" B(',(2( ?(88:(2,( *'(C(2/ .'( 9'(221,( γ̇rel 5/. .'(D5(27(8-*(5/'>5/> ay,rel 158 .(3 9F2+8(/8+2" G('.( B(2,( 8'/. .52-.(/ )2H335/>8I(2*15C .(2 J,21K( 7(2('/'>,"6**( L1213(,(2 .(2 A1-271-/312;'(25/>4 15K(2 .'( .(2 )*+,-+'.(/ L121M3(,(24 8'/. 2(*1,'I =53 A1-2=(5> 158>(2'-,(," N3 J-O,=5/>88-2',, .(8)1*31/ A'*,(28 :(2.(/ .'(8( CH2 ('/ P(','/,(2I1** I+/ △t 3', Q'*C( .(8*(,=,(/ P58,1/.(8 >(8-O,=," AH2 .'( D5(27(8-*(5/'>5/> ay,rel4 .'( 9'(2M21,( γ̇rel 5/. .'( )2H335/>8O/.(25/> c1 ;1// ;('/( R+2-(281>( >(,2+<(/:(2.(/" S(.+- *188(/ 8'- 158 .(/ ?(88:(2,(/ .'(8(2 L1213(,(2 /H,=*'-(N/C+231,'+/(/ H7(2 .'( 1/.(2(/ 92TK(/ 17*(',(/U6/-1/. .(2 D5(27(8-*(5/'>5/> ay,rel ;T//(/ J-*H88( 15C .'( D5(2>(M8-:'/.'>;(', vy,rel .(2 @'/'( >(=+>(/ :(2.(/" &'( V/.(25/> '3 *1,(21M*(/ R(281,= .(2 @'/'( =53 A1-2=(5> dy :'2. 158 .(2 9(8-:'/.'>;(', '/A1-2,2'-,5/> >(8-O,=," &'( 9'(2:'/;(*.'<(2(/= ψrel 7(2(-/(, 8'- 158.(2 9'(221,( γ̇rel '/ R(27'/.5/> 3', .(2 J,2(;(/;2H335/>" P5.(3 *O88,8'- 158 .(2 )2H335/>8O/.(25/> .(2 )*+,-+'.( .'( (2:12,(,( 6/C1/>8M;2H335/> c0 5/. @O/>( .(2 )*+,-+'.( ls (23',,(*/"&'(8( R(27'/.5/>(/ :(2.(/ '/ .(2 L2+=(88C5/;,'+/ .(8 )1*31/ A'*,(28

f (x̂k−1, uk) C(8,>(-1*,(/" W8 -1/.(*, 8'- -'(27(' 53 ('/(/ WX,(/.(. )1*M31/ A'*,(24 .1 .'( G(2(-/5/> .(2 )*+,-+'.(/01213(,(2 c0 5/. ls /'-,*'/(12 '8,"
f (x̂k−1, uk) =

























dy +△t · vy,rel + 0,5 · △t2 · ay,rel
vy,rel +△t · ay,rel

ay,rel
ψrel +△t · γ̇rel

γ̇rel
c0 +△t · v · cos(ψrel) · c1

c1
ls

























+

























0
0
0
0
0
0
0

−△t · v · cos(ψrel)























 !"#$%&'( )*+,(*--'.+/01'2'3,*( uk 4.(5 /'+6,7,8 69 *:'+;.=,-.= >0-;=' ?=@,A$B76+/'+ 76 3*((./.'('+" C.'>'(, 1'.;D.'-;4'.;' 5.' E0=(10=+90(3.'(6+/;'(A



 ! "#$%&'#('%&&)%*+,- !""#"$  !%"! &!''(!)*! #"+ +!) ,-*!)-,! .!)'-*/ +!) 0%"%! /#1 2-3)/!#$45!)'*!%$* !%"!" 5!'*%11*!" 6)!"/(!)*7  -"" +#)3 9)'!*/!" +!' !)'*!":-)-1!*!)' ;<" uk +#)3 !%"!" "!$-*%;!" =!)* +!) >5'*-"+ (%!+!) 1%"%?1%!)* (!)+!"@ A-+#)3 (%)+ +-' &<+!,, )<5#'* $!$!"  #)//!%*%$! >#'BC,,!+!) 0%"%!"!) !""#"$@24) +!" 9D*!"+!+ E-,1-" 2%,*!) %'* +%! F5!)$-"$'1-*)%D Ak 1%* +!) G-)?*%!,,!" >5,!%*#"$ ;<" f "-3 +!1 H#'-*/;! *<) x "I*%$J
Ak =

∂f [i]

∂xk[j]
=























1 △t 0,5 · △t2 0 0 0 0 0
0 1 △t 0 0 0 0 0
0 0 1 0 0 0 0 0
0 0 0 1 △t 0 0
0 0 0 0 1 0 0
0 0 0 −△t · v · sin(ψrel) 0 1 △t · v · cos(ψrel) 0
0 0 0 0 0 0 1 0
0 0 0 △t · v · sin(ψrel) 0 0 0 1





















KL@MNOH#) P!'*%11#"$ +!) E<;-)%-"/1-*)%D Pk (%)+ /#'C*/,%3 +%! E<;-)%-"/?1-*)%D +!' :)</!'')-#'3!"' Qk 5!"I*%$*@ A%!'! $%5* +%! Q"'%3!)3!%*!" %1:)</!''1<+!,, (%!+!)@ 24) R!+! &!''$)IS! (!)+!" 3%!)  <"'*-"*! .-)%-"/!"B4) +%! T#!)5!'3,!#"%$#"$ σa7 +%! 6%!))-*! σγ̇ 7 +%! E)411#"$'C"+!)#"$
σc1 #"+ +%! E,<*3<%+!",C"$! σls ;!)(!"+!*@
Qk =



























(△t)3

3 · σa (△t)2

2 · σa 0 0 0 0 0 0
(△t)2

2 · σa △t · σa 0 0 0 0 0
0 0 σa 0 0 0 0 0
0 0 0 △t · σγ̇ 0 0 0 0
0 0 0 0 σγ̇ 0 0 0
0 0 0 0 0 △t · σc1 0 0
0 0 0 0 0 0 σc1 0
0 0 0 0 0 0 0 σls

























KL@UVOH#) > *#-,%'%!)#"$ +!' H#'*-"+';! *<)' (%)+ +!) Q"*!)'3%!+ /(%'3!"W3C*/(!)* #"+ $!1!''!"!1 =!)* $!(%3*!* #"+ 1%* +!1 5%'3!)%$!" H#?'*-"+';! *<) ;!))!3"!*@&!''(!)*! ,%!B!)" +%! 0%"%!"!) !""#"$ #"+ +!) 6X)<'!"'<) %" E<15%"-*%<"1%* +!) W*)! !" )411#"$';<)-#''3-# #"+ Y%!S!" +#)3 +!" &!'';! *<)
zk %" +-' WX'*!1 !%"@ A%! 0%"%!"!) !""#"$ ,%!B!)* +!" ,-*!)-,!" >5'*-"+
Z[



 !"! #$%$&%'()&**
dy !"# $"#%&"'(#)!"*#%#'+ ψrel ,'! !"# -)./0."!#'12%23#/#% c0 c1 ,'! ls45"# 6#%/# 78% !"# 9,#%:#;0)#,'"=,'= ay,rel ,'! !"# $"#%%2/# γ̇rel &#%!#'2,; !#' >#;;&#%/#' !#; $?%.;#';.%; ,'! !#% @/%#(#'(%833,'=;A.%2,;B;02, #%3"//#)/CD'02'! !#; $?%.;#';.%; (2'' !"# $"#%%2/# !#; E20%+#,=; γ̇abs #%3"//#)/&#%!#'4 5"# $"#%%2/# :#;0%#":/ !"# $#;0&"'!"=(#"/ "' &#)0#% ;"0 !2;E20%+#,= ,3 ;#"'# +BD0;# !%#0/ ,'! !23"/ !"# F'!#%,'= !#% D,;%"0B/,'= !#; E20%+#,=;4 5"# D,;%"0/,'=;G'!#%,'= !#; E20%+#,=; γ̇rel ,'! !"#9,#%:#;0)#,'"=,'= ay,rel %#)2/"A +,% @/%2H# (I''#' !,%0 =##"='#/# J#%B:"'!,'= A.' $#;0&"'!"=(#"/ vabs K#;0)#,'"=,'= a ;.&"# !#% #%&2%/#/#'-%833,'= cr 2,; !#% @/%#(#'(%833,'=;A.%2,;;02, =#;0G/+/ &#%!#'4L"#%:#" &"%! !"# 2(/,#)) =#3#;;#'# $"#%%2/# 2,; !#3 $?%.;#';.% γ̇abs 3"/!#% #%&2%/#/#' $"#%%2/# 2,; !#3 @/%2H#'A#%)2,7 cr · vabs · cos(ψrel) 2:=#B=)"0#' ,'! #%3I=)"0/ !23"/ !"# 6#%/# %#)2/"A +,3 @/%2H#'A#%)2,7 +,#%3"//#)'4

ay,rel = (γ̇abs − cr · vabs · cos(ψrel)) · vabs · cos(ψrel) + aabs · sin(ψrel)MN4OPQ
γ̇rel = γ̇abs − cr · vabs · cos(ψrel) MN4ORQ5"# J2%"2'+#' !#% >#;;&#%/# ;"'! "' !#% 5"2=.'2)#' !#% >2/%"S Rk 2:B=#:")!#/4 5"#;# &#%!#' 78% !"# >#;;&#%/# !#% T"'"#'#%(#'','= !"%#(/ 2,;!#' 8:#%3"//#)/#' 6#%/#' !#; @#';.%; 8:#%/%2=#'4 E8% @"='2)# !"# '"0/=#3#;;#' &#%!#' (I''#' &"%! !#% 6#%/ U"'; 2'=#'.33#'45,%0 !"# V2.:? >2/%"S Hk !#% >#;;7,'(/".' h &"%! !#% W,;233#'B02'= +&";0#' W,;/2'!;A#(/.% ,'! >#;;A#(/.% =#:")!#/4 D,7=%,'! +&#"#%,'/#%;0"#!)"0#% >#;;A.%=G'=# &#%!#' 0"#%:#" +&#" >#;;7,'(/".'#' :#'IB/"=/C h1 ;/#0/ 78% !"# >#;;,'= !#% >2%("#%,'=;#%(#'','= ,'! h2 78% !"#>#;;&#%/# A.' $?%.;#';.% ,'! @/%#(#'(%833,'=;A.%2,;;02,4

h1(x̂
−
k , 0) =

(

dy 0 0 ψrel 0 c0 c1 ls
)T MN4ONQ

h2(x̂
−
k , 0) =

(

0 0 ay,rel 0 γrel 0 0 0
)T MN4OXQ52 !"# >#;;7,'(/".'#' )"'#2% ;"'! (I''#' !"#;# !,%0 !2; Y%.!,(/ Hx̂−k#%;#/+/ &#%!#'4 E.)=#'!# $)#"0,'= &"%! A#%&#'!#/ ,3 !#' W,;/2'!;A#(BZN/.% xk ,'! !"# -.A2%"2'+32/%"S Pk A.%0#%+,;2=#' ,'! +, 2(/,2)";"#%#'C



 ! "#$%&'#('%&&)%*+,-
x̂−k = f (x̂k−1, uk) , P

−
k = AkPk−1A

T
k +Qk−1  !"#$%

x̂k = x̂−k +Kk(zk −Hx̂−k ), Pk = (I −KkHk)P
−
k ,Kk =

P−
k H

T
k

HkP
−
k H

T
k +Rkwy />)(-4(." L/ 5-( GP?3>3(-4( I(5C+ .-+4 DR3 /))( GP?3(. 9)(-+0(-. 7?00: 5/3D 5-(0( ?7 fmin ?.5 fmax K/3--(3(." fmin ?.5 fmax )/00(.0-+ /?0 /.5(3(. (3B/..4(. ,-.-(. />)(-4(." L(3 8/B4C3 fd 9->4 5(. 7/S-<7/)(. =>04/.5 5(3 5(4(B4-(34(. ,-.-(. F? (-.(3 9(0+;4F4(. ,-.-( /. ?.55/3D .-+4 R>(30+3-44(. 2(35(."M> (-.( ,-.-( DR3 5/0 ,-.-(.7C5()) /?09(2;+)4 2-35: +;.94 ?.4(3 /.5(3(7KC7 =>04/.5 5(3 ,-.-( F? 5(. O/+>/3)-.-(. /7 T(9-.. ?.5 /7 N.5( />"U?3 T(04-77?.9 5(0 =>04/.5(0 /7 N.5( 5(3 6)C4+C-5( 2-35 5/0 6)C4+C-<5(.PC)V.C7 !"WW K(32(.5(4" T(- 5(3 T(3(+.?.9 5(0 =>04/.5(0 F2-0+(.F2(- ,-.-(. ?.4(30+-(5)-+(3 ,;.9( 2-35 5-( BR3F(3( ,-.-( /)0 X(D(3(.F9(.?4F4" L/7-4 +-.F?BC77(.5( ?.5 (.5(.5( GP?3(. 7-4 -. 5/0 1C5())/?D9(.C77(. 2(35(. BH..(.: 5/3D 5(3 =>04/.5 F?7 T(9-.. 5(3 ,-.-(B)(-.(3 0(-. /)0 5(3 =>04/.5 F?7 N.5( 5(3 ,-.-( ?.5 /.5(30+(3?7" =))(Y/3/7(4(3 2(35(. +-(3>(- -7 8/+3F(?9BCC35-./4(.0V04(7 9(7(00(.  K9)"=>>-)5?.9 !"QZ%"

Z[



 !"! #$%$&%'()&**
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 !!"#$%&' ()*+),  !-./&$0 1% 20'"&& %&$ 1%3 4&$0 $056.5780&3759"05%&'0&:;#'0&$0 <5".05"0& 3=--0& 1%$03 05>=##. -0"&? $73". 0"&0 @"&"0 "& $7- @"A&"0&3;$0## 7#- B0--C05. 7%>'0&;330& C"5$, D"0 @/&'0 $05 @"&"0 3%-- '5E805 -0"& 7#- 0"&0 $0F&"05.0 B"&$0-.#/&'0,
ls >= lmin D05 '0-H/.1.0 I7H5-H0"&#"H90".-C05. 3%-- '5E805 -0"& 7#- 0"&0 $0AF&"05.0 B"&$0-.C7H5-H0"&#"H90".,
p >= pmin D05 37J"37#0 #7.057#0  !-.7&$ $05 4';#"&"0& $75> &"H. '5E805 -0"&7#- $"0 37J"37#0 6K%5!50".0,
y(0) <= fmax · wy D05 37J"37#0 #7.057#0  !-.7&$ $05 @"&"0 1%5 '0-H/.1.0& @"&"0 7320'"&& %&$ 73 4&$0 $05 @"&"0 $75> &"H. '5E805 -0"& 7#- $"0 '0-H/.1A.0 6K%5!50".0,
y(0)− y(0)estimated <= fd · wy %&$ y(lc)− y(lc)estimated <= fd · wy

+L



 ! "#$%&'#('%&&)%*+,-  !" #$%$#&'! '&(!"&'! )*+(&%, ,!" -$%$! ./" $%%!"!% 0&2*&"'$%$!,&"3 &# 4!5$%% /%, &# 6%,! ,!" -$%$! %$2( 7'!$%!" +!$% &'+ 0/''8
y(0)− y(0)neighbor >= 0 /%, y(lc)− y(lc)neighbor >= 0  !" #&9$#&'! '&(!"&'! )*+(&%, ,!" -$%$! ./" $%%!"!% 0&2*&"'$%$!,&"3 &# 4!5$%% /%, &# 6%,! %$2( 5":;!" +!$% &'+ ,$! #&9$#&'!<=/"*"!$(!8
y(0)−y(0)neighbor <= fmax∗wy /%, y(lc)−y(lc)neighbor <= fmax∗wy  !" #$%$#&'! '&(!"&'! )*+(&%, ,!" -$%$! ./" $%%!"!% 0&2*&"'$%$!,&"3 &# 4!5$%% >,!" &# 6%,! %$2( 7'!$%!" +!$% &'+ ,$! #$%$#&'!<=/"*"!$(!8
y(0)−y(0)neighbor >= fmin∗wy /%, y(lc)−y(lc)neighbor >= fmin∗wyfmin · wy)/%, O&9$#&'&*+(&%, (fmax · wy
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Krümmung der PSD

gefahrene Krümmung des Fahrzeugs

F<<"7#)/2 R?RR?S P/(!$,'"!# #!$ 0$NLL)/2,;!$7.)9! &), T+@ )/#%&'$1!)2F/'&/# #!, I"/"!/L3#!77, -)$#! !"/ F/,&(1 2!,'&8!/: #!$ (!"7-!",! &)'6)$11!"("2! 63L=7!((! F),9.77! #!, +!/,3$, 1)$ I"/"!/!$6!//)/2 N<!$<$N6!/6&//? 4!1!"2( -)$#! #"!, &/'&/# #!$ 7&(!$&7!/ I"/"!/=3,"("3/!/ #!$ ;"!$"//!$!/ I"/"!/ ,3-"! #!$ 4"!$-"/6!7#"8!$!/1? QL /.',(!/ 0&="(!7 ",( #"!,9N$ #"! U)3$#/)/2 #!$ V<W!6(! "/ "'$! +=)$!/ ;3/ X3$(!"7?YC



 ! ! "#$%&'()*%++ ! ! "#$%&'()*%++ ! "#$%$#& ')*+$$ %,* -*.$#"",&/ 0#. 1!/#2,&/.!30#"". 4#*0#& 0+# 5267#8$09$#& 0#& 7#4#+"+/#& ':,*#& %,/#3*0&#$; <+# 527#8$:3.+$+3&#& 4#*0#&)+#*%, !+$ 0#& =+&+#&:3.+$+3&#& 9,. 0#! =+&+#&!30#"" >#*/"+)#& ,&0 +&0+# %,/#)?*+/# ':,* #+&/#3*0&#$ @>/"; ABC℄E;  & F22+"0,&/ G;GH .+&0 0+#-+&/9&/.09$#& IJ* 09. 527#8$!30#"" 09*/#.$#""$;
Linienmodell Objektmodell

Datenquellen

Fernbereichsradar

Positionen und 

Geschwindigkeiten 

der ObjekteF22+"0,&/ G;GH;K -+&/9&/.09$#& IJ* 09. 527#8$!30#"" & F*2#+$#& 4+# +& ABB℄ ,&0 AB℄ 4+*0 IJ* 0+#.#& ')*+$$ 0+# L#"#>9&% #+&#.*32,.$#& =+&+#&!30#"". ,&0 #+&#* '$*#8#&8*J!!,&/.>3*9,..)9, )#*>3*6/#)32#&;  & ABM℄ 4+*0 #+& F&.9$% 2#.)*+#2#&N 0#* 0,*) O,.+3& >3& =+&+6#&09$#& ,&0 =9.#*.9&&#* 0+# 527#8$# +& I9)*#&0 30#* .$#)#&0 ,&$#*$#+"$;P,* Q#.$+!!,&/ 0#. F2.$9&0#. %4+.)#& =+&+#& ,&0 527#8$:,&8$#& 4+*0IJ* 7#0#. R"3$)3+0#&.#/!#&$ 0+# F::*3S+!9$+3&.!#$)30# 0,*) 0+# R*#+.62?/#& >#*4#&0#$ @>/"; R9:+$#" G;T;TE; <+# R*#+.2?/#& 4#*0#& !+$ #+&#*=U&/# >3& -+&. 2#*#)&#$; '3!+$ .+&0 9""# V3.+$+3&#& 0#* V,&8$# ⌊ls⌋+ 10#. R"3$)3+0#&.#/!#&$#. !+$ 0#* =U&/# ls >#*IJ/29*; P,* Q#.$+!!,&/ 0#*8J*%#.$#& -&$I#*&,&/ %4+.)#& 0#! 527#8$:,&8$ q ,&0 #+&#! R"3$)3+0#&6.#/!#&$N 09. 0,*) R*#+.2?/#& 9::*3S+!+#*$ +.$N .+&0 %4#+ ')*+$$# &?$+/KP,&U).$ !,.. #+& V,&8$ pj 9,I 0#! '#/!#&$ /#I,&0#& 4#*0#&N 0#* 0#&8J*%#.$#& F2.$9&0 %,! V,&8$ q )9$; <+#. 4+*0 #**#+)$N +&0#! %4+.)#&0#! V,&8$ 0#. 527#8$#. q ,&0 0#! V,&8$ 9,I 0#! '#/!#&$ pj !+$ 0#!,&/#IU)* /"#+)#& "3&/+$,0+&9"#& F2.$9&0 %,! O9)*%#,/ 0#* F2.$9&0 2#6*#)&#$ 4+*0; <+#.#* F2.$9&0 q−pj 4+*0 !+$ 0#* -&$I#*&,&/ %, 0#& W9)629*:,&8$#& 9,I 0#* R"3$)3+0# >#*/"+)#&;  .$ 0#* V,&8$ pk !+$ 0#* /#*+&/6.$#& <+.$9&% q − pk /#I,&0#&N .3 89&& 0+# #S98$# -&$I#*&,&/ %,* R,*>#0,*) pk %,! V,&8$ q +! %4#+$#& ')*+$$ 2#*#)&#$ 4#*0#&;
XT



 ! "#$%&'#('%&&)%*+,- !" #"!$% $%& !$'! (!") !* %+ ,)''  $! -$%&)'. d  /"1  )% 2,)3)"4"+ /,&.5$%1!'  !" 6+"7)3!'  !" (!") !' /'  !% -$%&)'.8!,&+"% q−pk 9!"!1:'!& 5!" !'; <' !"'=)33% 5$"  !" <9%&)' .5$%1!'  !7 >/',& q /'  !7?$&&!34/',&  !% #"!$%!% m 9!%&$77& /' 7$&  !7 @) $/%  !" #"A77/'B
r 8!"B3$1!'; -!" @) $/% r $%&  !" @!.$4"+,5!"&  !" #"A77/'B c  !% 2!B:7!'&!% )7 >/',& pk; α 9!%1"!$9&  !' C)'B!'&!'5$',!3 $7 %!39!' >/',&;D!$ ! 21"$&&! ./" E"7$&&3/'B  !% <9%&)' !% .5$%1!'  !7 F9G!,& /'  !" #3+&1+$ ! %$' $'  !' <99$3 /'B!' H;HI /' H;HJ B!.!$B&;
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 ! "#$%&'&$%()(%$#$'*&
Objektmodell

Bestimmung der 

Fahrtrichtungen 

aus Objektdaten

                                                                                                        
                                                                                                        
                                                                                                        
                                                                                                        
                                                                                                        
                                                                                                        
                                                                                                        
                                                                                                        
                                                                                                        
                                                                                                        
                                                                                                        

Spur und 

Geschwindigkeit 

der Objekte !!"#$%&' ()*()+ ,"&'-&'.$-/0& $01 2-31/1"3/%&'.!0./"55%&' $%136!708/$-/0&$01 9:18:55&"..0 ;!01 0"&0& ,10"'&".!-%5 <='#) >?@℄℄ =01HW0&/#"3/) P"0PLRI -%3 -#. ,="$0&CNR30:1"0 !08-&&/I =01-##'050"&01/ $0& !-X0..30&O-31.30"&#"380"/.!0'1"W >??℄) P"0.01 #0'/ J0./I D0&& 0"&0 YXG:/30.0 &"3/J;1 0"&0  %..-'0 .G1"3/I .G1"3/ ."0 '0'0& ."0) P01 ,="$0&C!0'1"W =:&P05G./01 %&$ L3-J01 3"&'0'0& .G1"3/ =:& E$0'100. :J !0#"0JE %&$ Q3&0#/CD-1 $05 O-31.30"&#"380"/.!0'1"WI D0"./ 70$:3 &"3/ $"0 5-/305-/"N.30& ,"'0&.3-J/0& -%J) P"0 ,="$0&C /0"#/ $0& !".301"'0& O-31.30"&#"3N80"/.!0'1"W "& CD0" Z&/01=-##0 -%J+ P"0 T#-%."!"#"/Q/ %&$ $01 [D0"J0# -& 0"&01YXG:/30.0) P"0 T#-%."!"#"/Q/ '"!/ -&I "&D"0D0"/ 0"&01 YXG:/30.0 =01/1-%/\]]

P01 01./0  &.-/C C%1 SH.%&' $0. T1:!#05. 01J:#'/ ;!01 $"0 9018&;GJ%&'



 !"! #$%&'(()*+ ,$- ./0-&-'0&)*+$* /)2 ,$* 34)-$* !"#!$ %&$$' ()! *!+,!-, &.+ #!/ 01&.*!$ &$ #)! 2345,-!+! .$# #!" 6$7+)-!"-!),' 9.#!/ :!-;", <. =!#!" >?)#!$< #!" 9 !)@!1 &$ #!" 2345,-!+!A?:1' B**)1#.$: C'DEF'
�����

�����	�	�	
�


��	������	
 ���	��� !!"#$%&' ()*+), -."$/&0"&1/2.3## 4.'#) 567℄9:"/ -."$/&0 m; 3%= 3#> ?3>">@3A !/0/"=&/1; B"2$ $%2= CD#'/&$/ -"'/&E>=3C1/& CF2 /"&/ G/"#@/&'/ .D& HIJD1=/>/& x ∈ 2θ !/>=2"/!/&,
mθ(x) ≥ 0 4()K9
mθ(∅) = 0 4()L9

∑

x∈2θ

mθ(x) = 1 4()*9
θ !/>=2/"!1 ="/2!/" $"/ M/&'/ $/2  %>>3'/&):"/ N%&O1"D& $/> P#3%!/&> b(x) 3& /"&/ HIJD1=/>/ x B"2$ 4%&1/2 $/2  &E&3=@/; $3>> b : 2θ → [0,1]9 $%2= $"/ Q%@@/ $/2 ?3>">@3A/ 0% $/2 '/E>%=1/& HIJD1=/>/ $/R&"/21,

b(x) =
∑

y|y⊆x

mθ(y) x, y ∈ 2θ 4()(9:/2 SB/"C/# d(x) 3& /"&/2 HIJD1=/>/ ">1 >D@"1 $"/ Q%@@/ $/2 ?3>">@3A/;$"/ '/'/& $"/ HIJD1=/>/ >J2"=1,
d(x) = b(x̄) =

∑

y|y⊆x̄

mθ(y) =
∑

y|y∩x=∅

mθ(y) x, y ∈ 2θ 4()+9
KL*



 ! "#$%&'&$%()(%$#$'*& !"#$%& '$(( )!" *+$%&!,!+!-.- pl(x) $,/"+"!-"- 0"#)"(1 2!" &%33!"#- $++"4$&!&3$5"6 )!" (!8- $( )"#  9:;-8"&" <0"!="+(1 2;3!- $))!"#- &!" $++"4$&!&3$5"6 )!" $( )!"  9:;-8"&" /+$%,"( ;)"# )!" (!8- <%/";#)("- 0"#)"('>(("(1
pl(x) = 1− b(x̄) = 1− d(x) =

∑

y|y∩x 6=∅

mθ(y) x, y ∈ 2θ
m1,2(x) =

1

1−K

∑

y∩z=x 6=∅

m1(y) ·m2(z) x, y, z ∈ 2θ  !"V$
K =

∑

y∩z=∅

m1(y) ·m2(z)  !"R$W> &H',6+& %7,(6I 5*-) &1& )*+ %&5+&)1&2 )+- JKL (1@ )(, G-D7/+>)+- X('-6-*'61&2,7+,6*>>1&2 (1, Y7Z+36+& A7+-6-(2+&" !"#!$%!& $#' (#)*+,#'-./01#'-2/#3'4# 0%1 $4# 5#"#&%!&+6#-+,4))%!& $#' 70/'+*%'#!=> )*+ JKL (1@ )*+ X('-6-*'61&2,7+,6*>>1&2 (1, Y7Z+36)(6+& (&5+&9)+& I1 3E&&+&? >A,,+& (1@2-1&) +*&+- >*6 )+- %&I('/ )+- %1,,(2+& (&9,6+*2+&)+& N+-+'&1&2,I+*6 @A- ./(17+? P5+*@+/? G/(1,*7*/*6H6 ,D5*+ )+-+&[\!



 !"! #$%&'(()*+ ,$- ./0-&-'0&)*+$* /)2 ,$* 34)-$* !"#$%&'$!%(% ($%$)( *%+&,,-%)(% .!/)(%!""(% 0(/1(%2 3% 456℄ $,' 1$(%&9:!;)(%1 #(,9/$(#(%( <('9!1( &-,:=9/;$9(/ (/;>-'(/'2?!/&-,,('@-%) :=/ 1$( $% 456℄sup(Xi) ,+/(9(% (%'0(1(/ :=/ ($%( CD+!'9(G,( Xi !1(/ )()(% ,$(2 F-/ Q(/(9%-%) 1$(,(/ 0(/1(% 1$( J.$1(%@(%
ei,j 0$( :!;)' "-;'$+;$@$(/'K

sup(Xi) = 1−
∏

∀j

(1− ei,j(Xi)) TU26V
sup(¬Xi) = 1−

∏

∀j

(1− ei,j(¬Xi)) TU2SWVX(1(, M#B(N'A 1&, $% 1(/ P+-/ ($%( CD+!'9(,( -%'(/,'='@'A #(N/>:'$)'1(% R;&-#(% &% 1$( CD+!'9(,(2 3" R()(%,&'@ 1&@- -%'(/,'='@' B(1(,M#B(N'A 0(;9(, )()(% 1$( CD+!'9(,( ,+/$9'A 1(% F0($:(;2Y2 Q(/(9%-%) 1(/ P-++!/':-%N'$!%(% $% +!,$'$.(/ -%1 %()&'$.(/ I!/"
SYZ



 ! "#$%&'&$%()(%$#$'*& ! "#$" %&'#(#)" &*"+ $",-(#)" ./''-," ,","$01"+ "#$"+ 23%&(4"'"5/ 1"$"$$"$6 !0''"$ *#" 7/%%&+(8/$9(#&$"$ $&+!-:#'#"+( ;"+*"$<
pro(Xi) =

sup(Xi) · (1− ¬Xi)

1−Xi · ¬Xi
=>?@@A

con(Xi) =
sup(¬Xi) · (1−Xi)

1−Xi · ¬Xi
=>?@BAC? D"'(#!!/$, *"' E:-/1"$' /$* *"' F;"#8":' -$ "#$" 23%&(4"'"E#1( "' $/+ "#$" 23%&(4"'" X6 '& #'( *"+ E:-/1" /$* *"+ F;"#8": -$*#" 23%&(4"'" ,:"#4 *"$ 7/%%&+(8/$9(#&$"$ !#( #4+"+ ./'+#4(/$,?

b(X) = pro(X) =>?@CA
d(X) = con(X) =>?@>AE#1( "' !"4+"+" 23%&(4"'"$6 *#" '#4 ;#" #! .$;"$*/$,'8-:: ,","$H'"#(#, ;#*"+'%+"4"$6 !0''"$ *#" 7/%%&+(8/$9(#&$"$ 9&!1#$#"+( ;"+H*"$? 7%+#4( "#$ I1J"9( 80+ "#$" 23%&(4"'"6 '& '%+#4( "' -/(&!-(#'4,","$ "#$" -$*"+"? 2#"+80+ !/'' 5/$K4'( *"+ L&+!-:#'#"+/$,'8-9(&+

K 1"+"4$"( ;"+*"$? M#" N-+-!"("+ r(Xj) /$* l(Xj) ;"+*"$ 5/+O1"+'#4(:#49"#( *"P$#"+(<
r(Xj) = 1− pro(Xj)− con(Xj) l(Xj) = 1− pro(Xj) =>?@QA
K−1 =





∏

∀j

l(Xj)



 ·



1 +
∑

∀j

pro(Xj)

l(Xj)



−
∏

∀j

con(Xj) =>?@RAM/+4 *"$ L&+!-:#'#"+/$,'8-9(&+ #'( "' !S,:#46 *"$ E:-/1"$ b(Xi)/$* F;"#8": d(Xi) -$ "#$" 23%&(4"'" Xi !#( D"+09'#4(#,/$, *"+-$*"+"$ 23%&(4"'"$ Xj 5/ 1"+"4$"$?
@BR
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b(Xi) = K ·







pro(Xi) ·
∏

∀j 6=i

l(Xj)



 +



r(Xi) ·
∏

∀j 6=i

con(Xj)







 !"#$%
d(Xi) = K ·





∏

∀j

l(Xj)



 ·





∑

∀j 6=i

pro(Xj)

l(Xj)





+K ·



con(Xi) ·
∏

∀j 6=i

l(Xj)



 −





∏

∀j

con(Xj)





 !"#&%


#X$:2 <-)( U/1<-(4B:(D4- .)3-)4-/ *3. +*. P/6-;(,. *:. +-/ M(4-/B/-4*4,1(
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Anzahl 
der 

Spuren = 

1

Anzahl 
der 

Spuren = 

2

Anzahl 
der 

Spuren = 

3

Anzahl 
der 

Spuren = 

4

Anzahl 
der 

Spuren = 

5

Anzahl 
der 

Spuren = 

6

Bundesstraße 30,90 36,90 20,80 4,20 0,90 0,00

Landstraße 72,70 10,20 3,60 0,00 0,00 0,00

Autobahn 33,50 448,40 805,70 141,40 21,30 0,30

Wohngebiet 20,30 1,80 0,60 0,20 0,00 0,00

Stadt 123,10 147,00 80,20 26,10 6,00 0,40
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= 1

Anzahl 

der 
Spuren 

= 2

Anzahl 

der 
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= 3

Anzahl 

der 
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= 4

Anzahl 

der 
Spuren 

= 5

Anzahl 

der 
Spuren 

= 6

Spurposition = 0 0,40 0,70 1,20 0,00 0,00 0,00

Spurposition = 1 271,60 269,10 121,20 11,50 1,80 0,10

Spurposition = 2 0,40 348,80 488,80 32,10 2,40 0,10

Spurposition = 3 0,00 0,30 353,70 83,50 4,60 0,20

Spurposition = 4 0,00 0,00 0,00 44,90 13,80 0,20

Spurposition = 5 0,00 0,00 0,00 0,00 5,00 0,10

Spurposition = 6 0,00 0,00 0,00 0,00 0,00 0,30

Spurposition = 10 1,70 0,10 0,00 0,00 0,00 0,00
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Bundesstraße 25,40 48,70 0,00 0,20 0,00 0,00 0,00 0,10 0,10 2,30 14,80 0,00 2,10 0,00

Landstraße 8,10 68,90 0,00 0,00 0,10 0,00 0,00 0,00 0,00 6,70 2,40 0,00 0,50 0,00

Autobahn 1308,2 99,10 0,00 0,60 0,00 3,50 0,00 0,00 0,00 0,00 0,10 0,10 31,20 0,20

Wohngebiet 0,90 0,40 0,00 0,40 0,00 0,00 0,00 0,00 0,00 0,00 11,90 9,90 0,00 0,00

Stadt 44,20 20,20 3,60 3,10 8,80 0,50 0,20 0,00 0,20 3,50 267,50 29,70 1,40 1,50
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Bundesstraße 20,10 27,70 0,00 0,00 1,70 6,00 0,00 0,00 21,90 1,60 14,60 0,00 0,40 0,00

Landstraße 1,20 30,70 0,00 0,00 4,90 30,00 0,40 0,00 3,20 0,00 2,90 0,00 0,00 14,10

Autobahn 780,00 614,30 0,00 0,00 0,50 6,20 0,00 0,00 2,10 0,00 0,20 0,00 46,90 0,00

Wohngebiet 0,30 0,50 0,10 0,10 0,40 1,10 0,00 0,00 0,40 0,00 4,10 4,80 0,10 12,60

Stadt 10,10 75,50 6,40 6,50 23,70 27,20 0,20 0,60 15,00 0,80 182,30 5,80 2,20 29,40
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Stadt
Wohngebi

et
Autobahn Landstraße

Bundesstra

ße

Markierungsgüte 5 0,20 0,00 77,80 0,00 1,00

Markierungsgüte 4 82,20 0,40 604,60 11,50 37,40

Markierungsgüte 3 200,70 3,30 492,80 17,80 21,10

Markierungsgüte 2 36,90 0,10 246,10 43,70 20,00

Markierungsgüte 1 23,60 0,30 29,40 8,50 14,00

Markierungsgüte 0 0,90 0,00 0,10 0,10 0,00

0%

20%

40%

60%

80%

100%
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Stadt Wohngebiet Autobahn Landstraße Bundesstraße

Nacht 17,20 9,10 0,00 0,00 0,00

Tag 349,70 21,50 1445,80 85,90 90,20
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Stadt Wohngebiet Autobahn Landstraße Bundesstraße

Nebel 6,20 0,00 91,40 24,30 25,60

Regen 28,60 0,80 232,80 37,20 24,60

bedeckt 123,60 22,50 664,60 15,90 29,00

Sonne 211,10 8,60 457,20 9,00 11,00

0%

20%

40%

60%

80%

100%

 !!"#$%&'  ()*(+ ,!-./"12 $-. 3-22-.#4'- 4!15&'"' 67& $-. 82.49-&:#4/;/- <51.-&$ $-. =42-&4%>&41?- @ &'4!-& "& :?A

Stadt
Wohngeb

iet
Autobahn

Landstraß
e

Bundesstr
aße

Verkehrsaufkommen 3 1,30 0,00 0,10 0,00 0,20

Verkehrsaufkommen 2 83,70 1,00 91,20 13,60 11,90

Verkehrsaufkommen 1 177,80 3,70 1157,20 47,00 64,60

Verkehrsaufkommen 0 119,40 18,70 201,50 26,10 17,20
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)CD



Asphalt 

(alt)

Asphalt 

(neu)

Asphalt 

verschied
en

Beton Schotter Pflaster

Bundesstraße 50,20 38,10 5,00 0,20 0,00 0,00

Landstraße 51,20 29,50 5,90 0,00 0,00 0,00

Autobahn 486,80 498,20 178,70 286,20 0,00 0,00

Wohngebiet 20,10 0,80 0,10 0,00 0,00 2,00

Stadt 256,40 116,10 2,80 1,00 0,00 2,00
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