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Cooperative Driving of Autonomous Connected Vehicles (1/2)  
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Cooperative Driving of Autonomous Connected Vehicles (2/2)  



Cooperative Driving of Autonomous Connected Vehicles as a 
Networked Control System
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Designing of Cooperative Control Strategy

Alberto Petrillo 5

ẋi(t) = Axi(t) +Bui(t)
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<latexit sha1_base64="ana2sLusGB9FgCjN9pGJVTPrtf8=">AAAB+nicbVC7TsNAEDyHVwivACXNiQgpNJGNkEgZiYYySOQhJVF0vmzCkfPZulsjIpOfoIWKDtHyMxT8C2fjAhKmGs3samfHj6Qw6LqfTmFldW19o7hZ2tre2d0r7x+0TRhrDi0eylB3fWZACgUtFCihG2lggS+h408vU79zD9qIUN3gLIJBwCZKjAVnaKXuwzC5m1fxdFiuuDU3A10mXk4qJEdzWP7qj0IeB6CQS2ZMz3MjHCRMo+AS5qV+bCBifMom0LNUsQDMIMnyzulJbBiGNAJNhaSZCL83EhYYMwt8OxkwvDWLXir+5/ViHNcHiVBRjKB4egiFhOyQ4VrYIoCOhAZEliYHKhTlTDNE0IIyzq0Y22ZKtg9v8ftl0j6reZZfn1ca9byZIjkix6RKPHJBGuSKNEmLcCLJE3kmL86j8+q8Oe8/owUn3zkkf+B8fAOBLZRD</latexit><latexit sha1_base64="ana2sLusGB9FgCjN9pGJVTPrtf8=">AAAB+nicbVC7TsNAEDyHVwivACXNiQgpNJGNkEgZiYYySOQhJVF0vmzCkfPZulsjIpOfoIWKDtHyMxT8C2fjAhKmGs3samfHj6Qw6LqfTmFldW19o7hZ2tre2d0r7x+0TRhrDi0eylB3fWZACgUtFCihG2lggS+h408vU79zD9qIUN3gLIJBwCZKjAVnaKXuwzC5m1fxdFiuuDU3A10mXk4qJEdzWP7qj0IeB6CQS2ZMz3MjHCRMo+AS5qV+bCBifMom0LNUsQDMIMnyzulJbBiGNAJNhaSZCL83EhYYMwt8OxkwvDWLXir+5/ViHNcHiVBRjKB4egiFhOyQ4VrYIoCOhAZEliYHKhTlTDNE0IIyzq0Y22ZKtg9v8ftl0j6reZZfn1ca9byZIjkix6RKPHJBGuSKNEmLcCLJE3kmL86j8+q8Oe8/owUn3zkkf+B8fAOBLZRD</latexit><latexit sha1_base64="ana2sLusGB9FgCjN9pGJVTPrtf8=">AAAB+nicbVC7TsNAEDyHVwivACXNiQgpNJGNkEgZiYYySOQhJVF0vmzCkfPZulsjIpOfoIWKDtHyMxT8C2fjAhKmGs3samfHj6Qw6LqfTmFldW19o7hZ2tre2d0r7x+0TRhrDi0eylB3fWZACgUtFCihG2lggS+h408vU79zD9qIUN3gLIJBwCZKjAVnaKXuwzC5m1fxdFiuuDU3A10mXk4qJEdzWP7qj0IeB6CQS2ZMz3MjHCRMo+AS5qV+bCBifMom0LNUsQDMIMnyzulJbBiGNAJNhaSZCL83EhYYMwt8OxkwvDWLXir+5/ViHNcHiVBRjKB4egiFhOyQ4VrYIoCOhAZEliYHKhTlTDNE0IIyzq0Y22ZKtg9v8ftl0j6reZZfn1ca9byZIjkix6RKPHJBGuSKNEmLcCLJE3kmL86j8+q8Oe8/owUn3zkkf+B8fAOBLZRD</latexit><latexit sha1_base64="ana2sLusGB9FgCjN9pGJVTPrtf8=">AAAB+nicbVC7TsNAEDyHVwivACXNiQgpNJGNkEgZiYYySOQhJVF0vmzCkfPZulsjIpOfoIWKDtHyMxT8C2fjAhKmGs3samfHj6Qw6LqfTmFldW19o7hZ2tre2d0r7x+0TRhrDi0eylB3fWZACgUtFCihG2lggS+h408vU79zD9qIUN3gLIJBwCZKjAVnaKXuwzC5m1fxdFiuuDU3A10mXk4qJEdzWP7qj0IeB6CQS2ZMz3MjHCRMo+AS5qV+bCBifMom0LNUsQDMIMnyzulJbBiGNAJNhaSZCL83EhYYMwt8OxkwvDWLXir+5/ViHNcHiVBRjKB4egiFhOyQ4VrYIoCOhAZEliYHKhTlTDNE0IIyzq0Y22ZKtg9v8ftl0j6reZZfn1ca9byZIjkix6RKPHJBGuSKNEmLcCLJE3kmL86j8+q8Oe8/owUn3zkkf+B8fAOBLZRD</latexit>
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Autonomous Vehicles Platoon
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Nu

…..

Controller iC 1-iC 1CNC
iu 1-iu 1u

Communication Topology

Distributed Controller

Vehicle Dynamics

Nv iv 1-iv 1v 0v

…..
Each communication link is
characterized by a different time-
varying delay

ṙi(t) = vi(t)
v̇i(t) = ai(t)
ȧi(t) =

1
T (ui(t)� ai(t))

<latexit sha1_base64="lIsddu5CZYhREeyn3PcSKVeiXIM="></latexit><latexit sha1_base64="lIsddu5CZYhREeyn3PcSKVeiXIM="></latexit><latexit sha1_base64="lIsddu5CZYhREeyn3PcSKVeiXIM="></latexit><latexit sha1_base64="lIsddu5CZYhREeyn3PcSKVeiXIM="></latexit>

ṙ0(t) = v0(t)
v̇0(t) = a0(t)
ȧ0(t) = � 1

T a0(t)
<latexit sha1_base64="BZpLX438ZHoZP9TYx6ho1mNKy7c="></latexit><latexit sha1_base64="BZpLX438ZHoZP9TYx6ho1mNKy7c="></latexit><latexit sha1_base64="BZpLX438ZHoZP9TYx6ho1mNKy7c="></latexit><latexit sha1_base64="BZpLX438ZHoZP9TYx6ho1mNKy7c="></latexit>



Control Objectives 

limt!1 kri(t)� r0(t)� di0k = 0
limt!1 kvi(t)� v0(t)k = 0
limt!1 kai(t)� a0(t)k = 0

8i = 1, ..., N,

<latexit sha1_base64="g50PmnPOas7FBQwWoB2irxELXak="></latexit><latexit sha1_base64="g50PmnPOas7FBQwWoB2irxELXak="></latexit><latexit sha1_base64="g50PmnPOas7FBQwWoB2irxELXak="></latexit><latexit sha1_base64="g50PmnPOas7FBQwWoB2irxELXak="></latexit>
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Safe leader-Tracking: Adaptive Synchronization-based Control 
Protocol

Alberto Petrillo 12

ui = �
NX

j=0

↵ijk
>
ij(t)

2

4
ri(t� ⌧ij(t))� rj(t� ⌧ij(t))� dij

vi(t� ⌧ij(t))� vj(t� ⌧ij(t))
ai(t� ⌧ij(t))� aj(t� ⌧ij(t))

3

5

<latexit sha1_base64="Ex2kXtupqwEB7Vk9mSD/ZGqKNpc="></latexit><latexit sha1_base64="Ex2kXtupqwEB7Vk9mSD/ZGqKNpc="></latexit><latexit sha1_base64="Ex2kXtupqwEB7Vk9mSD/ZGqKNpc="></latexit><latexit sha1_base64="Ex2kXtupqwEB7Vk9mSD/ZGqKNpc="></latexit>

kij(t) =

2

4
⇢ij(t)
�ij(t)
�ij(t)

3

5

<latexit sha1_base64="+4uHxNalqPimCHyVp0YNW6iXG3g="></latexit><latexit sha1_base64="+4uHxNalqPimCHyVp0YNW6iXG3g="></latexit><latexit sha1_base64="+4uHxNalqPimCHyVp0YNW6iXG3g="></latexit><latexit sha1_base64="+4uHxNalqPimCHyVp0YNW6iXG3g="></latexit>

8
<

:

⇢̇ij(t) = ⇣ij,1 (ri(t� ⌧ij(t))� rj(t� ⌧ij(t))� dij)
2

�̇ij(t) = ⇣ij,2 (vi(t� ⌧ij(t))� vj(t� ⌧ij(t)))
2

�̇ij(t) = ⇣ij,3 (ai(t� ⌧ij(t))� aj(t� ⌧ij(t)))
2

<latexit sha1_base64="BPMlNtb3+Kd7jZY6K5pf5QBJ2iw="></latexit><latexit sha1_base64="BPMlNtb3+Kd7jZY6K5pf5QBJ2iw="></latexit><latexit sha1_base64="BPMlNtb3+Kd7jZY6K5pf5QBJ2iw="></latexit><latexit sha1_base64="BPMlNtb3+Kd7jZY6K5pf5QBJ2iw="></latexit>

⌧ij(t)
<latexit sha1_base64="LonZaSxwHPMD/vlJifY9av3zZY4=">AAAB/3icbVC7TsNAEDzzDOEVoKQ5ESGFJrIREpSRaCiDRB5SYkXryyYcOT+4WyNFVgq+ghYqOkTLp1DwL9jGBSRMNZrZ1c6OFylpyLY/raXlldW19dJGeXNre2e3srffNmGsBbZEqELd9cCgkgG2SJLCbqQRfE9hx5tcZn7nAbWRYXBD0whdH8aBHEkBlEpunyAeJPJuVqOT8qBStet2Dr5InIJUWYHmoPLVH4Yi9jEgocCYnmNH5CagSQqFs3I/NhiBmMAYeykNwEfjJnnoGT+ODVDII9RcKp6L+HsjAd+Yqe+lkz7QrZn3MvE/rxfT6MJNZBDFhIHIDpFUmB8yQsu0DeRDqZEIsuTIZcAFaCBCLTkIkYpxWk/WhzP//SJpn9adlF+fVRuNopkSO2RHrMYcds4a7Io1WYsJds+e2DN7sR6tV+vNev8ZXbKKnQP2B9bHN9p3lh4=</latexit><latexit sha1_base64="LonZaSxwHPMD/vlJifY9av3zZY4=">AAAB/3icbVC7TsNAEDzzDOEVoKQ5ESGFJrIREpSRaCiDRB5SYkXryyYcOT+4WyNFVgq+ghYqOkTLp1DwL9jGBSRMNZrZ1c6OFylpyLY/raXlldW19dJGeXNre2e3srffNmGsBbZEqELd9cCgkgG2SJLCbqQRfE9hx5tcZn7nAbWRYXBD0whdH8aBHEkBlEpunyAeJPJuVqOT8qBStet2Dr5InIJUWYHmoPLVH4Yi9jEgocCYnmNH5CagSQqFs3I/NhiBmMAYeykNwEfjJnnoGT+ODVDII9RcKp6L+HsjAd+Yqe+lkz7QrZn3MvE/rxfT6MJNZBDFhIHIDpFUmB8yQsu0DeRDqZEIsuTIZcAFaCBCLTkIkYpxWk/WhzP//SJpn9adlF+fVRuNopkSO2RHrMYcds4a7Io1WYsJds+e2DN7sR6tV+vNev8ZXbKKnQP2B9bHN9p3lh4=</latexit><latexit sha1_base64="LonZaSxwHPMD/vlJifY9av3zZY4=">AAAB/3icbVC7TsNAEDzzDOEVoKQ5ESGFJrIREpSRaCiDRB5SYkXryyYcOT+4WyNFVgq+ghYqOkTLp1DwL9jGBSRMNZrZ1c6OFylpyLY/raXlldW19dJGeXNre2e3srffNmGsBbZEqELd9cCgkgG2SJLCbqQRfE9hx5tcZn7nAbWRYXBD0whdH8aBHEkBlEpunyAeJPJuVqOT8qBStet2Dr5InIJUWYHmoPLVH4Yi9jEgocCYnmNH5CagSQqFs3I/NhiBmMAYeykNwEfjJnnoGT+ODVDII9RcKp6L+HsjAd+Yqe+lkz7QrZn3MvE/rxfT6MJNZBDFhIHIDpFUmB8yQsu0DeRDqZEIsuTIZcAFaCBCLTkIkYpxWk/WhzP//SJpn9adlF+fVRuNopkSO2RHrMYcds4a7Io1WYsJds+e2DN7sR6tV+vNev8ZXbKKnQP2B9bHN9p3lh4=</latexit><latexit sha1_base64="LonZaSxwHPMD/vlJifY9av3zZY4=">AAAB/3icbVC7TsNAEDzzDOEVoKQ5ESGFJrIREpSRaCiDRB5SYkXryyYcOT+4WyNFVgq+ghYqOkTLp1DwL9jGBSRMNZrZ1c6OFylpyLY/raXlldW19dJGeXNre2e3srffNmGsBbZEqELd9cCgkgG2SJLCbqQRfE9hx5tcZn7nAbWRYXBD0whdH8aBHEkBlEpunyAeJPJuVqOT8qBStet2Dr5InIJUWYHmoPLVH4Yi9jEgocCYnmNH5CagSQqFs3I/NhiBmMAYeykNwEfjJnnoGT+ODVDII9RcKp6L+HsjAd+Yqe+lkz7QrZn3MvE/rxfT6MJNZBDFhIHIDpFUmB8yQsu0DeRDqZEIsuTIZcAFaCBCLTkIkYpxWk/WhzP//SJpn9adlF+fVRuNopkSO2RHrMYcds4a7Io1WYsJds+e2DN7sR6tV+vNev8ZXbKKnQP2B9bHN9p3lh4=</latexit>

↵ij
<latexit sha1_base64="EU7i8MCl23O2Rj+u/2wJ+JbJeQ0=">AAAB/nicbVA9SwNBEN3zM8avqKXNYhCswp0IWgZsLCOYD8gdYW4zSdbs3S27c0I4Av4KW63sxNa/YuF/8S6m0MRXPd6bYd68UCtpyXU/nZXVtfWNzdJWeXtnd2+/cnDYsklqBDZFohLTCcGikjE2SZLCjjYIUaiwHY6vC7/9gMbKJL6jicYggmEsB1IA5ZLvg9Ij6GXyflruVapuzZ2BLxNvTqpsjkav8uX3E5FGGJNQYG3XczUFGRiSQuG07KcWNYgxDLGb0xgitEE2yzzlp6kFSrhGw6XiMxF/b2QQWTuJwnwyAhrZRa8Q//O6KQ2ugkzGOiWMRXGIpMLZISuMzMtA3pcGiaBIjlzGXIABIjSSgxC5mObtFH14i98vk9Z5zcv57UW1Xp83U2LH7ISdMY9dsjq7YQ3WZIJp9sSe2Yvz6Lw6b877z+iKM985Yn/gfHwDolmWCw==</latexit><latexit sha1_base64="EU7i8MCl23O2Rj+u/2wJ+JbJeQ0=">AAAB/nicbVA9SwNBEN3zM8avqKXNYhCswp0IWgZsLCOYD8gdYW4zSdbs3S27c0I4Av4KW63sxNa/YuF/8S6m0MRXPd6bYd68UCtpyXU/nZXVtfWNzdJWeXtnd2+/cnDYsklqBDZFohLTCcGikjE2SZLCjjYIUaiwHY6vC7/9gMbKJL6jicYggmEsB1IA5ZLvg9Ij6GXyflruVapuzZ2BLxNvTqpsjkav8uX3E5FGGJNQYG3XczUFGRiSQuG07KcWNYgxDLGb0xgitEE2yzzlp6kFSrhGw6XiMxF/b2QQWTuJwnwyAhrZRa8Q//O6KQ2ugkzGOiWMRXGIpMLZISuMzMtA3pcGiaBIjlzGXIABIjSSgxC5mObtFH14i98vk9Z5zcv57UW1Xp83U2LH7ISdMY9dsjq7YQ3WZIJp9sSe2Yvz6Lw6b877z+iKM985Yn/gfHwDolmWCw==</latexit><latexit sha1_base64="EU7i8MCl23O2Rj+u/2wJ+JbJeQ0=">AAAB/nicbVA9SwNBEN3zM8avqKXNYhCswp0IWgZsLCOYD8gdYW4zSdbs3S27c0I4Av4KW63sxNa/YuF/8S6m0MRXPd6bYd68UCtpyXU/nZXVtfWNzdJWeXtnd2+/cnDYsklqBDZFohLTCcGikjE2SZLCjjYIUaiwHY6vC7/9gMbKJL6jicYggmEsB1IA5ZLvg9Ij6GXyflruVapuzZ2BLxNvTqpsjkav8uX3E5FGGJNQYG3XczUFGRiSQuG07KcWNYgxDLGb0xgitEE2yzzlp6kFSrhGw6XiMxF/b2QQWTuJwnwyAhrZRa8Q//O6KQ2ugkzGOiWMRXGIpMLZISuMzMtA3pcGiaBIjlzGXIABIjSSgxC5mObtFH14i98vk9Z5zcv57UW1Xp83U2LH7ISdMY9dsjq7YQ3WZIJp9sSe2Yvz6Lw6b877z+iKM985Yn/gfHwDolmWCw==</latexit><latexit sha1_base64="EU7i8MCl23O2Rj+u/2wJ+JbJeQ0=">AAAB/nicbVA9SwNBEN3zM8avqKXNYhCswp0IWgZsLCOYD8gdYW4zSdbs3S27c0I4Av4KW63sxNa/YuF/8S6m0MRXPd6bYd68UCtpyXU/nZXVtfWNzdJWeXtnd2+/cnDYsklqBDZFohLTCcGikjE2SZLCjjYIUaiwHY6vC7/9gMbKJL6jicYggmEsB1IA5ZLvg9Ij6GXyflruVapuzZ2BLxNvTqpsjkav8uX3E5FGGJNQYG3XczUFGRiSQuG07KcWNYgxDLGb0xgitEE2yzzlp6kFSrhGw6XiMxF/b2QQWTuJwnwyAhrZRa8Q//O6KQ2ugkzGOiWMRXGIpMLZISuMzMtA3pcGiaBIjlzGXIABIjSSgxC5mObtFH14i98vk9Z5zcv57UW1Xp83U2LH7ISdMY9dsjq7YQ3WZIJp9sSe2Yvz6Lw6b877z+iKM985Yn/gfHwDolmWCw==</latexit>

dij
<latexit sha1_base64="mscdc7M+48CsSQOnH2kMeGP3eAk=">AAAB+XicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgjISDWWQyENKrGh92YQj57N1t0aKrHwELVR0iJavoeBfsI0LSJhqNLOrnZ0gVtKS6346K6tr6xubla3q9s7u3n7t4LBjo8QIbItIRaYXgEUlNbZJksJebBDCQGE3mF7nfvcRjZWRvqNZjH4IEy3HUgBlUnc0TOXDvDqs1d2GW4AvE68kdVaiNax9DUaRSELUJBRY2/fcmPwUDEmhcF4dJBZjEFOYYD+jGkK0flrEnfPTxAJFPEbDpeKFiL83UgitnYVBNhkC3dtFLxf/8/oJja/8VOo4IdQiP0RSYXHICiOzHpCPpEEiyJMjl5oLMECERnIQIhOTrJi8D2/x+2XSOW94Gb+9qDebZTMVdsxO2Bnz2CVrshvWYm0m2JQ9sWf24qTOq/PmvP+MrjjlzhH7A+fjG7xwk9s=</latexit><latexit sha1_base64="mscdc7M+48CsSQOnH2kMeGP3eAk=">AAAB+XicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgjISDWWQyENKrGh92YQj57N1t0aKrHwELVR0iJavoeBfsI0LSJhqNLOrnZ0gVtKS6346K6tr6xubla3q9s7u3n7t4LBjo8QIbItIRaYXgEUlNbZJksJebBDCQGE3mF7nfvcRjZWRvqNZjH4IEy3HUgBlUnc0TOXDvDqs1d2GW4AvE68kdVaiNax9DUaRSELUJBRY2/fcmPwUDEmhcF4dJBZjEFOYYD+jGkK0flrEnfPTxAJFPEbDpeKFiL83UgitnYVBNhkC3dtFLxf/8/oJja/8VOo4IdQiP0RSYXHICiOzHpCPpEEiyJMjl5oLMECERnIQIhOTrJi8D2/x+2XSOW94Gb+9qDebZTMVdsxO2Bnz2CVrshvWYm0m2JQ9sWf24qTOq/PmvP+MrjjlzhH7A+fjG7xwk9s=</latexit><latexit sha1_base64="mscdc7M+48CsSQOnH2kMeGP3eAk=">AAAB+XicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgjISDWWQyENKrGh92YQj57N1t0aKrHwELVR0iJavoeBfsI0LSJhqNLOrnZ0gVtKS6346K6tr6xubla3q9s7u3n7t4LBjo8QIbItIRaYXgEUlNbZJksJebBDCQGE3mF7nfvcRjZWRvqNZjH4IEy3HUgBlUnc0TOXDvDqs1d2GW4AvE68kdVaiNax9DUaRSELUJBRY2/fcmPwUDEmhcF4dJBZjEFOYYD+jGkK0flrEnfPTxAJFPEbDpeKFiL83UgitnYVBNhkC3dtFLxf/8/oJja/8VOo4IdQiP0RSYXHICiOzHpCPpEEiyJMjl5oLMECERnIQIhOTrJi8D2/x+2XSOW94Gb+9qDebZTMVdsxO2Bnz2CVrshvWYm0m2JQ9sWf24qTOq/PmvP+MrjjlzhH7A+fjG7xwk9s=</latexit><latexit sha1_base64="mscdc7M+48CsSQOnH2kMeGP3eAk=">AAAB+XicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgjISDWWQyENKrGh92YQj57N1t0aKrHwELVR0iJavoeBfsI0LSJhqNLOrnZ0gVtKS6346K6tr6xubla3q9s7u3n7t4LBjo8QIbItIRaYXgEUlNbZJksJebBDCQGE3mF7nfvcRjZWRvqNZjH4IEy3HUgBlUnc0TOXDvDqs1d2GW4AvE68kdVaiNax9DUaRSELUJBRY2/fcmPwUDEmhcF4dJBZjEFOYYD+jGkK0flrEnfPTxAJFPEbDpeKFiL83UgitnYVBNhkC3dtFLxf/8/oJja/8VOo4IdQiP0RSYXHICiOzHpCPpEEiyJMjl5oLMECERnIQIhOTrJi8D2/x+2XSOW94Gb+9qDebZTMVdsxO2Bnz2CVrshvWYm0m2JQ9sWf24qTOq/PmvP+MrjjlzhH7A+fjG7xwk9s=</latexit>

⇣ij,k 2 R+ (8k = 1, 2, 3)
<latexit sha1_base64="p+z+J336L+1oPAEabH/S4hbt9wk="></latexit><latexit sha1_base64="p+z+J336L+1oPAEabH/S4hbt9wk="></latexit><latexit sha1_base64="p+z+J336L+1oPAEabH/S4hbt9wk="></latexit><latexit sha1_base64="p+z+J336L+1oPAEabH/S4hbt9wk="></latexit>



Closed-loop Dynamics
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ei(t) =

2

4
ri(t)� r0(t)� di0

vi(t)� v0(t)
ai(t)� a0(t)

3

5 ej(t) =

2

4
rj(t)� r0(t)� dj0

vj(t)� v0(t)
aj(t)� a0(t)

3

5

<latexit sha1_base64="Qro6+HfQRxggtTKkZ5SUrLgkCCU="></latexit><latexit sha1_base64="Qro6+HfQRxggtTKkZ5SUrLgkCCU="></latexit><latexit sha1_base64="Qro6+HfQRxggtTKkZ5SUrLgkCCU="></latexit><latexit sha1_base64="Qro6+HfQRxggtTKkZ5SUrLgkCCU="></latexit>

�B↵i0k
>
i0(t) = Ci0(t) 2 R3⇥3,

�B↵ijk
>
ij(t) = bCij(t) 2 R3⇥3,

<latexit sha1_base64="4KqLaT3Ku5RXmw3Dg0pYCtC7gUw="></latexit><latexit sha1_base64="4KqLaT3Ku5RXmw3Dg0pYCtC7gUw="></latexit><latexit sha1_base64="4KqLaT3Ku5RXmw3Dg0pYCtC7gUw="></latexit><latexit sha1_base64="4KqLaT3Ku5RXmw3Dg0pYCtC7gUw="></latexit>

ėi(t) = Aei(t) + Ci0(t)ei(t� ⌧i0(t))+
NP
j=1

bCij(t) [ei(t� ⌧ij(t))� ej(t� ⌧ij(t))] .
<latexit sha1_base64="kVhyu5cn4w20IGJSxGXPJMbNoOE="></latexit><latexit sha1_base64="kVhyu5cn4w20IGJSxGXPJMbNoOE="></latexit><latexit sha1_base64="kVhyu5cn4w20IGJSxGXPJMbNoOE="></latexit><latexit sha1_base64="kVhyu5cn4w20IGJSxGXPJMbNoOE="></latexit>

ex (t) =
⇥
e>1 (t) e>2 (t) · · · e>N (t)

⇤> 2 R3N
<latexit sha1_base64="gRxukqZUH22NB2FMLnbMj9e/fHk="></latexit><latexit sha1_base64="gRxukqZUH22NB2FMLnbMj9e/fHk="></latexit><latexit sha1_base64="gRxukqZUH22NB2FMLnbMj9e/fHk="></latexit><latexit sha1_base64="gRxukqZUH22NB2FMLnbMj9e/fHk="></latexit>

A =

2

4
0 1 0
0 0 1
0 0 � 1

T

3

5 , B =

2

4
0
0
1
T

3

5 ;

<latexit sha1_base64="+c21J1RBpvnKbvreiA0Z2D/arog="></latexit><latexit sha1_base64="+c21J1RBpvnKbvreiA0Z2D/arog="></latexit><latexit sha1_base64="+c21J1RBpvnKbvreiA0Z2D/arog="></latexit><latexit sha1_base64="+c21J1RBpvnKbvreiA0Z2D/arog="></latexit>

�p(t) 2 {⌧ij(t) : i, j = 1, 2, ..., N, i 6= j)}
⌧l(t) 2 {⌧i0(t) : i = 1, 2, ..., N}

<latexit sha1_base64="o1efpCoSDIvE2yJpD/6uT1bNNHU="></latexit><latexit sha1_base64="o1efpCoSDIvE2yJpD/6uT1bNNHU="></latexit><latexit sha1_base64="o1efpCoSDIvE2yJpD/6uT1bNNHU="></latexit><latexit sha1_base64="o1efpCoSDIvE2yJpD/6uT1bNNHU="></latexit>
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[1] Petrillo, A., Salvi, A., Santini, S., & Valente, A. S. (2018). Adaptive multi-agents synchronization for collaborative driving of autonomous vehicles with multiple communication delays. Transportation research part C: emerging
technologies, 86, 372-392.
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[1] Marco Di Vaio, Alberto Petrillo and Stefania Santini. “On the Robustness of a Distributed Adaptive Synchronization Protocol for
Connected Autonomous Vehicles with Multiple Disturbances and Communication Delays”. 57th IEEE Conference on Decision and Control
(CDC). Accepted.



Robusteness w.r.t. External Disturances: Numerical Analysis

22

wi(t) = Ai sin(t) for t � 20 [s]
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(3)

[3] Petrillo, Alberto, Antonio Pescapé, and Stefania Santini. "A collaborative approach for improving the security of vehicular scenarios: The case of platooning." Computer Communications122 (2018): 59-75.
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Numerical Analysis: Spoofing attack
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Numerical Analysis: Message Falsification attack
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Numerical Analysis: special case of Spoofing Attack on the 
whole vehicles within the platoon
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Numerical Analysis: DoS and Burst Attacks

32

0 50 100 150

-4

-2

0

2

4

co
nt
ro
l
eff

or
t
[m

/s
2
]

time [s]

v0
v1

v2
v3

v4
v5

v6
v7

0 50 100 150

-100

-80

-60

-40

-20

0

20

p
os
it
io
n
er
ro
r
[m

]

time [s]

v1
v2

v3
v4

v5
v6

v7

0 50 100 150

-10

-5

0

5

10

sp
ee
d
er
ro
r
[m

/s
]

time [s]

v1
v2

v3
v4

v5
v6

v7

Alberto Petrillo

0 50 100 150

-4

-2

0

2

4

co
nt
ro
l
eff

or
t
[m

/s
2
]

time [s]

v0
v1

v2
v3

v4
v5

v6
v7

0 50 100 150

-100

-80

-60

-40

-20

0

20

p
os
it
io
n
er
ro
r
[m

]

time [s]

v1
v2

v3
v4

v5
v6

v7

0 50 100 150

-10

-5

0

5

10

sp
ee
d
er
ro
r
[m

/s
]

time [s]

v1
v2

v3
v4

v5
v6

v7



Cooperative driving at traffic junction

Alberto Petrillo 33
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Cooperative driving at traffic junction as Virtual Platoon
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Cooperative driving control strategy at traffic junction

35

ui(t) = �
NX

j=1

aijsig(pi(t� ⌧ij(t))� pj(t� ⌧ij(t))� p?ij)
2↵

1+↵ �
NX

j=1

aijsig(vi(t� ⌧ij(t))� vj(t� ⌧ij(t)))
↵

<latexit sha1_base64="gFr99ahLE59rTVpUAk/5hade4AQ="></latexit><latexit sha1_base64="gFr99ahLE59rTVpUAk/5hade4AQ="></latexit><latexit sha1_base64="gFr99ahLE59rTVpUAk/5hade4AQ="></latexit><latexit sha1_base64="gFr99ahLE59rTVpUAk/5hade4AQ="></latexit>

↵
<latexit sha1_base64="4OaCjpyJqEauTWoWoxinuQtq0JI=">AAAB+nicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgoIiEg1lkMhDSqJofdkkp5zt090aKTL5CVqo6BAtP0PBv2AbF5Aw1WhmVzs7vlbSkut+Oiura+sbm6Wt8vbO7t5+5eCwZaPYCGyKSEWm44NFJUNskiSFHW0QAl9h25/eZH77AY2VUXhPM439AMahHEkBlEqdpAdKT2A+qFTdmpuDLxOvIFVWoDGofPWGkYgDDEkosLbruZr6CRiSQuG83IstahBTGGM3pSEEaPtJnnfOT2MLFHGNhkvFcxF/byQQWDsL/HQyAJrYRS8T//O6MY2u+okMdUwYiuwQSYX5ISuMTItAPpQGiSBLjlyGXIABIjSSgxCpGKfNlNM+vMXvl0nrvOal/O6iWr8umimxY3bCzpjHLlmd3bIGazLBFHtiz+zFeXRenTfn/Wd0xSl2jtgfOB/fEaOUow==</latexit><latexit sha1_base64="4OaCjpyJqEauTWoWoxinuQtq0JI=">AAAB+nicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgoIiEg1lkMhDSqJofdkkp5zt090aKTL5CVqo6BAtP0PBv2AbF5Aw1WhmVzs7vlbSkut+Oiura+sbm6Wt8vbO7t5+5eCwZaPYCGyKSEWm44NFJUNskiSFHW0QAl9h25/eZH77AY2VUXhPM439AMahHEkBlEqdpAdKT2A+qFTdmpuDLxOvIFVWoDGofPWGkYgDDEkosLbruZr6CRiSQuG83IstahBTGGM3pSEEaPtJnnfOT2MLFHGNhkvFcxF/byQQWDsL/HQyAJrYRS8T//O6MY2u+okMdUwYiuwQSYX5ISuMTItAPpQGiSBLjlyGXIABIjSSgxCpGKfNlNM+vMXvl0nrvOal/O6iWr8umimxY3bCzpjHLlmd3bIGazLBFHtiz+zFeXRenTfn/Wd0xSl2jtgfOB/fEaOUow==</latexit><latexit sha1_base64="4OaCjpyJqEauTWoWoxinuQtq0JI=">AAAB+nicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgoIiEg1lkMhDSqJofdkkp5zt090aKTL5CVqo6BAtP0PBv2AbF5Aw1WhmVzs7vlbSkut+Oiura+sbm6Wt8vbO7t5+5eCwZaPYCGyKSEWm44NFJUNskiSFHW0QAl9h25/eZH77AY2VUXhPM439AMahHEkBlEqdpAdKT2A+qFTdmpuDLxOvIFVWoDGofPWGkYgDDEkosLbruZr6CRiSQuG83IstahBTGGM3pSEEaPtJnnfOT2MLFHGNhkvFcxF/byQQWDsL/HQyAJrYRS8T//O6MY2u+okMdUwYiuwQSYX5ISuMTItAPpQGiSBLjlyGXIABIjSSgxCpGKfNlNM+vMXvl0nrvOal/O6iWr8umimxY3bCzpjHLlmd3bIGazLBFHtiz+zFeXRenTfn/Wd0xSl2jtgfOB/fEaOUow==</latexit><latexit sha1_base64="4OaCjpyJqEauTWoWoxinuQtq0JI=">AAAB+nicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgoIiEg1lkMhDSqJofdkkp5zt090aKTL5CVqo6BAtP0PBv2AbF5Aw1WhmVzs7vlbSkut+Oiura+sbm6Wt8vbO7t5+5eCwZaPYCGyKSEWm44NFJUNskiSFHW0QAl9h25/eZH77AY2VUXhPM439AMahHEkBlEqdpAdKT2A+qFTdmpuDLxOvIFVWoDGofPWGkYgDDEkosLbruZr6CRiSQuG83IstahBTGGM3pSEEaPtJnnfOT2MLFHGNhkvFcxF/byQQWDsL/HQyAJrYRS8T//O6MY2u+okMdUwYiuwQSYX5ISuMTItAPpQGiSBLjlyGXIABIjSSgxCpGKfNlNM+vMXvl0nrvOal/O6iWr8umimxY3bCzpjHLlmd3bIGazLBFHtiz+zFeXRenTfn/Wd0xSl2jtgfOB/fEaOUow==</latexit>

⌧ij(t)
<latexit sha1_base64="LonZaSxwHPMD/vlJifY9av3zZY4=">AAAB/3icbVC7TsNAEDzzDOEVoKQ5ESGFJrIREpSRaCiDRB5SYkXryyYcOT+4WyNFVgq+ghYqOkTLp1DwL9jGBSRMNZrZ1c6OFylpyLY/raXlldW19dJGeXNre2e3srffNmGsBbZEqELd9cCgkgG2SJLCbqQRfE9hx5tcZn7nAbWRYXBD0whdH8aBHEkBlEpunyAeJPJuVqOT8qBStet2Dr5InIJUWYHmoPLVH4Yi9jEgocCYnmNH5CagSQqFs3I/NhiBmMAYeykNwEfjJnnoGT+ODVDII9RcKp6L+HsjAd+Yqe+lkz7QrZn3MvE/rxfT6MJNZBDFhIHIDpFUmB8yQsu0DeRDqZEIsuTIZcAFaCBCLTkIkYpxWk/WhzP//SJpn9adlF+fVRuNopkSO2RHrMYcds4a7Io1WYsJds+e2DN7sR6tV+vNev8ZXbKKnQP2B9bHN9p3lh4=</latexit><latexit sha1_base64="LonZaSxwHPMD/vlJifY9av3zZY4=">AAAB/3icbVC7TsNAEDzzDOEVoKQ5ESGFJrIREpSRaCiDRB5SYkXryyYcOT+4WyNFVgq+ghYqOkTLp1DwL9jGBSRMNZrZ1c6OFylpyLY/raXlldW19dJGeXNre2e3srffNmGsBbZEqELd9cCgkgG2SJLCbqQRfE9hx5tcZn7nAbWRYXBD0whdH8aBHEkBlEpunyAeJPJuVqOT8qBStet2Dr5InIJUWYHmoPLVH4Yi9jEgocCYnmNH5CagSQqFs3I/NhiBmMAYeykNwEfjJnnoGT+ODVDII9RcKp6L+HsjAd+Yqe+lkz7QrZn3MvE/rxfT6MJNZBDFhIHIDpFUmB8yQsu0DeRDqZEIsuTIZcAFaCBCLTkIkYpxWk/WhzP//SJpn9adlF+fVRuNopkSO2RHrMYcds4a7Io1WYsJds+e2DN7sR6tV+vNev8ZXbKKnQP2B9bHN9p3lh4=</latexit><latexit sha1_base64="LonZaSxwHPMD/vlJifY9av3zZY4=">AAAB/3icbVC7TsNAEDzzDOEVoKQ5ESGFJrIREpSRaCiDRB5SYkXryyYcOT+4WyNFVgq+ghYqOkTLp1DwL9jGBSRMNZrZ1c6OFylpyLY/raXlldW19dJGeXNre2e3srffNmGsBbZEqELd9cCgkgG2SJLCbqQRfE9hx5tcZn7nAbWRYXBD0whdH8aBHEkBlEpunyAeJPJuVqOT8qBStet2Dr5InIJUWYHmoPLVH4Yi9jEgocCYnmNH5CagSQqFs3I/NhiBmMAYeykNwEfjJnnoGT+ODVDII9RcKp6L+HsjAd+Yqe+lkz7QrZn3MvE/rxfT6MJNZBDFhIHIDpFUmB8yQsu0DeRDqZEIsuTIZcAFaCBCLTkIkYpxWk/WhzP//SJpn9adlF+fVRuNopkSO2RHrMYcds4a7Io1WYsJds+e2DN7sR6tV+vNev8ZXbKKnQP2B9bHN9p3lh4=</latexit><latexit sha1_base64="LonZaSxwHPMD/vlJifY9av3zZY4=">AAAB/3icbVC7TsNAEDzzDOEVoKQ5ESGFJrIREpSRaCiDRB5SYkXryyYcOT+4WyNFVgq+ghYqOkTLp1DwL9jGBSRMNZrZ1c6OFylpyLY/raXlldW19dJGeXNre2e3srffNmGsBbZEqELd9cCgkgG2SJLCbqQRfE9hx5tcZn7nAbWRYXBD0whdH8aBHEkBlEpunyAeJPJuVqOT8qBStet2Dr5InIJUWYHmoPLVH4Yi9jEgocCYnmNH5CagSQqFs3I/NhiBmMAYeykNwEfjJnnoGT+ODVDII9RcKp6L+HsjAd+Yqe+lkz7QrZn3MvE/rxfT6MJNZBDFhIHIDpFUmB8yQsu0DeRDqZEIsuTIZcAFaCBCLTkIkYpxWk/WhzP//SJpn9adlF+fVRuNopkSO2RHrMYcds4a7Io1WYsJds+e2DN7sR6tV+vNev8ZXbKKnQP2B9bHN9p3lh4=</latexit>

p?ij
<latexit sha1_base64="M4hG7D2z5Qy7Qrp5X2TJjiIFalg=">AAACAHicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgoIiEg1lkMhDSpxofdmEI+eH7tZIkeWGr6CFig7R8icU/Au2SQEJU41mdrWz40VKGrLtT2tpeWV1bb20Ud7c2t7Zreztt0wYa4FNEapQdzwwqGSATZKksBNpBN9T2PYmV7nffkBtZBjc0jRC14dxIEdSAGVSPxok8j7tJz1DoNNBpWrX7AJ8kTgzUmUzNAaVr94wFLGPAQkFxnQdOyI3AU1SKEzLvdhgBGICY+xmNAAfjZsUqVN+HBugkEeouVS8EPH3RgK+MVPfyyZ9oDsz7+Xif143ptGFm8ggigkDkR8iqbA4ZISWWR3Ih1IjEeTJkcuAC9BAhFpyECIT46yfctaHM//9Immd1pyM35xV65ezZkrskB2xE+awc1Zn16zBmkwwzZ7YM3uxHq1X6816/xldsmY7B+wPrI9vNTiXiw==</latexit><latexit sha1_base64="M4hG7D2z5Qy7Qrp5X2TJjiIFalg=">AAACAHicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgoIiEg1lkMhDSpxofdmEI+eH7tZIkeWGr6CFig7R8icU/Au2SQEJU41mdrWz40VKGrLtT2tpeWV1bb20Ud7c2t7Zreztt0wYa4FNEapQdzwwqGSATZKksBNpBN9T2PYmV7nffkBtZBjc0jRC14dxIEdSAGVSPxok8j7tJz1DoNNBpWrX7AJ8kTgzUmUzNAaVr94wFLGPAQkFxnQdOyI3AU1SKEzLvdhgBGICY+xmNAAfjZsUqVN+HBugkEeouVS8EPH3RgK+MVPfyyZ9oDsz7+Xif143ptGFm8ggigkDkR8iqbA4ZISWWR3Ih1IjEeTJkcuAC9BAhFpyECIT46yfctaHM//9Immd1pyM35xV65ezZkrskB2xE+awc1Zn16zBmkwwzZ7YM3uxHq1X6816/xldsmY7B+wPrI9vNTiXiw==</latexit><latexit sha1_base64="M4hG7D2z5Qy7Qrp5X2TJjiIFalg=">AAACAHicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgoIiEg1lkMhDSpxofdmEI+eH7tZIkeWGr6CFig7R8icU/Au2SQEJU41mdrWz40VKGrLtT2tpeWV1bb20Ud7c2t7Zreztt0wYa4FNEapQdzwwqGSATZKksBNpBN9T2PYmV7nffkBtZBjc0jRC14dxIEdSAGVSPxok8j7tJz1DoNNBpWrX7AJ8kTgzUmUzNAaVr94wFLGPAQkFxnQdOyI3AU1SKEzLvdhgBGICY+xmNAAfjZsUqVN+HBugkEeouVS8EPH3RgK+MVPfyyZ9oDsz7+Xif143ptGFm8ggigkDkR8iqbA4ZISWWR3Ih1IjEeTJkcuAC9BAhFpyECIT46yfctaHM//9Immd1pyM35xV65ezZkrskB2xE+awc1Zn16zBmkwwzZ7YM3uxHq1X6816/xldsmY7B+wPrI9vNTiXiw==</latexit><latexit sha1_base64="M4hG7D2z5Qy7Qrp5X2TJjiIFalg=">AAACAHicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgoIiEg1lkMhDSpxofdmEI+eH7tZIkeWGr6CFig7R8icU/Au2SQEJU41mdrWz40VKGrLtT2tpeWV1bb20Ud7c2t7Zreztt0wYa4FNEapQdzwwqGSATZKksBNpBN9T2PYmV7nffkBtZBjc0jRC14dxIEdSAGVSPxok8j7tJz1DoNNBpWrX7AJ8kTgzUmUzNAaVr94wFLGPAQkFxnQdOyI3AU1SKEzLvdhgBGICY+xmNAAfjZsUqVN+HBugkEeouVS8EPH3RgK+MVPfyyZ9oDsz7+Xif143ptGFm8ggigkDkR8iqbA4ZISWWR3Ih1IjEeTJkcuAC9BAhFpyECIT46yfctaHM//9Immd1pyM35xV65ezZkrskB2xE+awc1Zn16zBmkwwzZ7YM3uxHq1X6816/xldsmY7B+wPrI9vNTiXiw==</latexit>

aij
<latexit sha1_base64="kH3bzlT/WQUdVrPCK+/uGlMxaG4=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIREhQUkWgog0QeUmJF68smXHJ+6G6NFKz8Ay1UdIiWv6HgX7CNC0iYajSzq50dL1LSkG1/WqWV1bX1jfJmZWt7Z3evun/QNmGsBbZEqELd9cCgkgG2SJLCbqQRfE9hx5teZ37nAbWRYXBHswhdH8aBHEkBlEptGCRyMh9Ua3bdzsGXiVOQGivQHFS/+sNQxD4GJBQY03PsiNwENEmhcF7pxwYjEFMYYy+lAfho3CRPO+cnsQEKeYSaS8VzEX9vJOAbM/O9dNIHujeLXib+5/ViGl26iQyimDAQ2SGSCvNDRmiZ1oB8KDUSQZYcuQy4AA1EqCUHIVIxTnuppH04i98vk/ZZ3Un57XmtcVU0U2ZH7JidModdsAa7YU3WYoJN2BN7Zi/Wo/VqvVnvP6Mlq9g5ZH9gfXwDf2OTwA==</latexit><latexit sha1_base64="kH3bzlT/WQUdVrPCK+/uGlMxaG4=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIREhQUkWgog0QeUmJF68smXHJ+6G6NFKz8Ay1UdIiWv6HgX7CNC0iYajSzq50dL1LSkG1/WqWV1bX1jfJmZWt7Z3evun/QNmGsBbZEqELd9cCgkgG2SJLCbqQRfE9hx5teZ37nAbWRYXBHswhdH8aBHEkBlEptGCRyMh9Ua3bdzsGXiVOQGivQHFS/+sNQxD4GJBQY03PsiNwENEmhcF7pxwYjEFMYYy+lAfho3CRPO+cnsQEKeYSaS8VzEX9vJOAbM/O9dNIHujeLXib+5/ViGl26iQyimDAQ2SGSCvNDRmiZ1oB8KDUSQZYcuQy4AA1EqCUHIVIxTnuppH04i98vk/ZZ3Un57XmtcVU0U2ZH7JidModdsAa7YU3WYoJN2BN7Zi/Wo/VqvVnvP6Mlq9g5ZH9gfXwDf2OTwA==</latexit><latexit sha1_base64="kH3bzlT/WQUdVrPCK+/uGlMxaG4=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIREhQUkWgog0QeUmJF68smXHJ+6G6NFKz8Ay1UdIiWv6HgX7CNC0iYajSzq50dL1LSkG1/WqWV1bX1jfJmZWt7Z3evun/QNmGsBbZEqELd9cCgkgG2SJLCbqQRfE9hx5teZ37nAbWRYXBHswhdH8aBHEkBlEptGCRyMh9Ua3bdzsGXiVOQGivQHFS/+sNQxD4GJBQY03PsiNwENEmhcF7pxwYjEFMYYy+lAfho3CRPO+cnsQEKeYSaS8VzEX9vJOAbM/O9dNIHujeLXib+5/ViGl26iQyimDAQ2SGSCvNDRmiZ1oB8KDUSQZYcuQy4AA1EqCUHIVIxTnuppH04i98vk/ZZ3Un57XmtcVU0U2ZH7JidModdsAa7YU3WYoJN2BN7Zi/Wo/VqvVnvP6Mlq9g5ZH9gfXwDf2OTwA==</latexit><latexit sha1_base64="kH3bzlT/WQUdVrPCK+/uGlMxaG4=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIREhQUkWgog0QeUmJF68smXHJ+6G6NFKz8Ay1UdIiWv6HgX7CNC0iYajSzq50dL1LSkG1/WqWV1bX1jfJmZWt7Z3evun/QNmGsBbZEqELd9cCgkgG2SJLCbqQRfE9hx5teZ37nAbWRYXBHswhdH8aBHEkBlEptGCRyMh9Ua3bdzsGXiVOQGivQHFS/+sNQxD4GJBQY03PsiNwENEmhcF7pxwYjEFMYYy+lAfho3CRPO+cnsQEKeYSaS8VzEX9vJOAbM/O9dNIHujeLXib+5/ViGl26iQyimDAQ2SGSCvNDRmiZ1oB8KDUSQZYcuQy4AA1EqCUHIVIxTnuppH04i98vk/ZZ3Un57XmtcVU0U2ZH7JidModdsAa7YU3WYoJN2BN7Zi/Wo/VqvVnvP6Mlq9g5ZH9gfXwDf2OTwA==</latexit>

sig(x)↵ = sign(x)|x|↵
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