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TVUXWZY\[^] _@`ba c.de[bfX[bg^h ]Zi\j c `�k [bgba lbmna gb`#j go] a p p j qoa go] a c r+sXtbW ] a mnani\j an`bUXWZY\u\s"W j gb`lba [^] aZvea c a j ] WwW a p vbW ] xXa c W ] yUogb`bp j z lerZ{wUXWwa p a fo] c _Xgbj W z lba.sX] UXvbj p j ] yU ] W |bc _Xqoc UXmnmE}=s^~�j W ]a j g.i�a j ] a c a W�� gb`bj k�h y[bc0`bj a W a g��!c a gb`er0{wa c0UX`bUo|^] j xXa\�!a mn|�_XmnU ] �^`ba c=`bj a\a j qXa gbaw��a W z lXi\j g^�`bj qofoa j ]ZUog�`bj an��a W z lXi\j gb`bj qofoa j ].`ba W�xX_oc UX[bW h Uolbc a gb`ba g#��Uolbc k a [bqXWZUogb|bUX� ] �3v�a W ] yU ] j qo]Z`ba g�!c a gb`�k [�mna lbc=� gX] a p p j qXa gbk�j m�Y\[^] _br3Ywp W3i=a j ] a c awsX] [^h a�i�a c `ba g�Y\W W j W ] a gbk W tbW ] a mnawh y[bc0`bUoWY\[^] _"Uo[^h\`ba g#�@Uoc fX].fo_Xmnmna ge�3`bj an`ba g���Uolbc a cZj mnmna c�mna lbc�xX_Xg�W a j gba g���Uolbc UX[^h qoUXv�a ga gX] p UoW ] a ger=s^_Xp z lbaZsXt^W ] a mna�Uoc vea j ] a g+[bgX] a c\Uogb`ba c a m>mnj ]���Uomna c UoW a gbW _oc j f�r{wj a\{wj W W a c ] U ] j _Xg.vea W z l9yUoh ] j q ]�W j z lnmnj ]=`ba mEu=j p `^xXa c W ] a lba gnxX_og+sX] c Uo�Xa gbW k a gba ge�b`bj a\UX[^hs^a gbW _Xc `bU ] a g@a j gba WwsX] a c a _ � ��Uomna c UoW tbW ] a mnW\vbUoW j a c a ger={�j aw�wUo[b|^] UXgoi�a gb`b[bgbq�k j a p ]\UX[^h3a j gUo[^] _Xgb_omna W=��Uolbc a g�j m�sX] _o|^� Uogb`^� qo_o� �=a c foa lbc=Uover0� mE�\Uolbmna g�`ba c�{wj W W a c ] U ] j _Xg.i\j c `�a j gbas^j ] [bU ] j _XgbW UogbUXp t^W a.`ba cZsX] c UX�oa gbW k a gba.h y[bc�a j g
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image acquisition
sensor input

object detection

planning and decision

control 

actuators

vehicle motion

t := t + dt
images

objects

desired motor torque, brake pressure, steering actuator current

actual  motor torque, brake pressure, steering actuator current

new position, velocity, steering angle

leader vehicle position, relative velocity and acceleration
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Deviation of Trajectories
deviation with CUT algorithm

deviation without CUT algorithm
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Deviation of Trajectories

deviation with CUT algorithm
deviation without CUT algorithm
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�Xb�dX[�^ [c].\ b \ ^ `�WX\ b \ ^ ].U VX\�b jX\	��hX[�Z U b waf z�b jX\�z f�hXVXWaZ U VX\ ` l

pXl�|�VXg \�U V�b ^ [cg _�U VXY�].f�WX\ �cfcVXZ w	[�VX[c^ ^ f s�dX[�^ b�[c^ f�hXVXW�b jX\�[c^ \ [�s�jX\ ^ \1b jX\1Z [c` b�Z U VX\�` \ Yc�
].\ V�b�jX[�`��,\ \ V$z fchXVXWaU `�` \ [c^ g jX\ W$z f�^1b jX\�Z [�VXWX].[c^ _Rl���jX\	f b jX\ ^�[�^ \ [�`�[�^ \�` \ [�^ g jX\ W
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b jX\	` b \ \ ^ U VXY�[�VXYcZ \	[cVXW$b jX\�i�\ Z f�g U b waU V.b jX\��R^ ` b�` b \ d=k b U ].\�hXdRWX[cb \ r l�� Vab jX\	` \ g fcVXW�` b \ d,�
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g f�^ ^ \ g b�f�hX^�\ Ycfc� d,fc` U b U f�V$[cg g f�^ WXU VXYcZ wek ].\ [c` hX^ \ ].\ V�b�hXd,WX[ b \ r l
��jX\�` wX` b \ ]�[cVXWadX^ f�g \ ` `�WX\ ` g ^ U d�b U fcVX`�f z�b jX[ b�[cdXdX^ f�[cg ja[�^ \�U WX\ V�b U g [�ZXb f7b jX\	dX^ \ iXU fchX`

fcVX\cl�|�VXZ w$b jX\	].\ [�` hX^ \ ].\ Vcb�WX\ ` g ^ U d�b U fcVag jX[�VXYc\ ` l

?�@ A�@ ��MOL�K�SR��PRL���L�F1�u��L�SX��PRE ���RE ��F
�=\�].\ [c` hX^ \�b jX\	WXU ` b [cVXg \�fcz�\ [cg jaZ U VX\�b f7b jX\�` \ VX` fc^�g \ V�b \ ^ �R��� � � �R[cVXWaU b `�f�^ U \ V�b [ b U f�V,��� � � � �
b jX\�dX[�^ [c].\ b \ ^ `�fcz�\ [cg j�Z [cVX\�].[�^ _�U VXY�U V.b jX\	Z f�g [�Z,^ \ z \ ^ \ VXg \�z ^ [c].\�WX\ ` g ^ U �,\ W��cw$b jX\	Z U VX\
dX[c^ [�].\ b \ ^ ` l1��jX\ U ^�g f�hXVcb \ ^ dX[c^ b `�� � [cVXW�� � U V$b jX\	YcZ f��X[cZ,^ \ z \ ^ \ VXg \	z ^ [c].\	[c^ \	^ \ Z [ b \ W$i�U [

� � � �X� � �R =¡$¢ g fc` k � � r  �£	¢ ` U V�k � � r ¤ k ! l ��� r

� � � � � � �  �¥�¦ k ! l �c� r
§ fcVX` hXZ b�T�U Y�hX^ \ ! l � z f�^1b jX\�Yc\ fc].\ b ^ U g [�ZR^ \ Z [cb U fcVX` l�¨�Yc[�U V,��\ i�\ ^ wa[cWXWXU b U f�VX[cZRZ [cVX\�].[c^ _�U VXY
w�U \ Z WX`�b s�f.[cWXWXU b U f�VX[cZ,].\ [�` hX^ \ ].\ Vcb�\ ��hX[ b U f�VX`�© hX` b�Z U _c\	U V$ª1��hX[ b U f�V ! l � p�z fc^�b jX\	g [c` \	fcz
i�\ ^ b U g [cZRZ [cVXWX].[�^ _�` l���jX\�g f�].dXh�b [ b U f�V�f z,b jX\�«c[�g f��XU [cV.¬fczRb jX\�].\ [�` hX^ \ ].\ Vcb�\ ��hX[cb U fcVX`
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, & 9�+O1 , + A 1 & )(* +O, -(+O$�+ -(& * 5 +F& 1D9�% $�& )(7(;]Y�-(& 1 =�%�/(5 'V& )�$�%�5 $�+F# A 8 %�-(& 0(& , & $�+F)�/(9 0N+ 8�%�E
, 8 #�)(1 E %�8 9�# , & %�)(1 ;
Y�-(+P0W+ 1 ,�#�)('61 & 9 A 5 + 1 ,@* -(%�& * +P& 1�, %�M�+ + A , -(+P8 # =da�¨ A %�& )�,@'(#�, #�#�1
#D5 & 1 ,�=
-(& * -6-(#�1

, % 0N+�1 * #�)()(+ 'O, -(8 %�/(7�-DE %�8E /(8 , -(+ 8, #�1 M�1
1 /(* -O#�1�* %�5 5 & 1 & %�)�# $�%�& '(#�)(* + ;�_�& )(* +�%�)(5 B�, -(+�a�¨
A %�& )�, 1�E #�* & )(7F& )3, -(+ E %�8 =#�8 '2'(& 8 + * , & %�)29P/(1 , 0W+�M�+ A , >�, -(& 1�5 & 1 , & 1�8 + 5 # , & $�+ 5 B31 -(%�8 , ;F 2+
'(+ * & '(+ ' , %@M�+ + A #�5 5�a�¨ A %�& )�,�'(#�, #@& ) #�) & )(+ 8 , & #�5�8 + E + 8 + )(* +E 8 #�9�+ ;�Y�-(& 1?=�# B�>�%�)(5 BP1 + 5 + * , + '
a�¨ A %�& )�, 1�-(# $�+�, % 0W+@, 8 #�)(1 E %�8 9�+ 'O& )�, %P, -(+�5 %�* #�5W8 + E + 8 + )(* +�E 8 #�9�+�;
RN%�8
# A #�8 M�& )(7�#�1 1 & 1 , #�)�,@# A(A 5 & * #�, & %�)W>(, -(+�7�8 & '�4 0(#�1 + 'F9�# A(A & )(7�# A(A 8 %�#�* -F0W+ * %�9�+ 1
& )�4

, + 8 + 1 , & )(7�#�7�#�& )W>(1 & )(* +@, -(+�#�8 + #P, %�0N+�9�# A(A + 'O* #�)O+ #�1 & 5 BO0N+�8 + 1 , 8 & * , + 'W;
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ILU U Y.NMY.a I K F D�Gqm D�P�D�b�e Q U K V�N�D d.F G.HJm ILV K Q P�K ].ILG3IOU Q P K I�F Gnd�Q a D�U F K T�[n� G�DLP R.Q P�K DqY.V QSK ].Q
HLa D�b.ILa N�ILc`m D�P#U DLG�K P DLa W.K ].Q�U D�DLP R.F G.ILK Q V�D m�K ].Q�DLb�e Q U K V�].I d�Q�K D�bBQ	K P I�G.V m DLP N�Q RJb.ILU ESK D
K ].Q�a D�U I�aBP Q m Q P Q G.U Q	m P I�N�Q	DLm�K ].Q�Q H�D l d�Q ].F U a QM� �	Q ].P F HMQ K�I�a [�� � U � [

$#% &�% ��(+*�,.-�/ 0.,+132 0547�`�#0.�5 �¡�8�/  �0.*�¢£=3?#@�* AB0.,

k#].QMH�a DLb.I�a�N�ILcOI�a V D`ILa a D ^�V�K D`Q p�K P I�c5D�a I K QMD�b�e Q U K V�K ].I K�R.F V ILc.cBQ I�P Q ROm P D�N>K ].Q�¤5Q a RODLm
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a�b�c d e.f�c b.gih�jke�l	d himnm o�piq c e�oir�m o�dRe l�b.okb.s�d e�oie.r�e�sit�u b�c�q tUbwv0m oim x=u q b.y�gic e�u m zisic mRd e
t sig=m c q r�g=e.t m�piq t q e�o^u y sim t	l c e�r{t m p.m c b.y�l c b.r�m t | m t g=m u q b.y y jRl e.c	t d b d q e.oib�c j^e�v�} m u d t ~��Re.c m
u b.c mRr�sit dUv0mUd b���m o�l e�cKr�e piq oif^e.v.} m u d t |#t q oiu mUd himRziq t d b.oiu mnzim d m c r�q oib d q e.oLe�l	r�e piq oif
e�v�} m u d#v0m u e�r�m t�t ��m ��m z0~��	sim�d e�d hiq t�e.v.} m u d�t r�m b.c q oif�m � m u d |�d him	u b.c d e�f.c b�gih.j�gic e�u m zisic m
hib�t�oie d�v0m m onsit m zRl e�c�d him�c m t siy d t#gic m t m o.d m z^q oRe d him c#gib.c d t#e�l�d hiq t�d him t q t ~

� him�u e.r�gis�d b d q e.oib�y�visic zim owe�l�d hiq t�b.y f�e.c q d hir�q t�t r�b.y y ~��	oiy jnd him�u y sit d m c q oifRe.o^d him
f�y e.vib�y�r�b�gLb.tKe�gig0e�t m zwd end himRy e�u b.y�r�b.gwd b���m tKsigLd eL� ���R�Rq oLu y s�d d m c m z�t u m oim tKt q oiu m
r�e�c m	����g0e�q o.d t�r�sit d#v0m	u y sit d m c m z0~��=s�d sic m���e.c ��e.oUu b.c d e�f.c b�gih.j�q t�e.s�d y q oim zUq o�d him#x=oib.y
u hib�g�d m c ~

� f�e�� g0e�t q d q e.oRm t d q r�b d q e.onb�oiz^u b�c d e.f�c b.gih�jnb.t	zim t u c q v=m z^him c m�jiq m y z^b�o^b�u u sic b�d m�r�b.g
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