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Abstract	
	

Emerging	autonomous	modular	vehicles	(AMV)	technology	allows	vehicle	units	to	physically	
dock	on	or	undock	from	each	other	en‐route	to	form	vehicles	of	different	lengths.	AMV	docking	
can	be	viewed	as	an	extreme	case	of	autonomous	vehicle	platooning	such	that	AMVs	are	now	
physically	 connected	 with	 zero	 gaps.	 Thus,	 AMV	 maximizes	 platooning	 benefits	 including	
mobility	 improvement	 by	 minimizing	 car	 following	 gap,	 riding	 comfort	 improvement	 by	
automated	control	and	fuel	consumption	reduction	via	physical	connection	and	aerodynamic	
efficiency.		This	presentation	investigates	the	optimal	trajectory	planning	for	separate	AMVs	to	
dock	into	a	longer	AMV.	It	first	formulates	the	investigated	problem	into	a	bi‐level	optimization	
problem.	 A	 feasible	 cone	method	 is	 proposed	 to	 reveal	 theoretical	 properties	 on	 solution	
feasibility,	which	also	leads	to	an	analytical	solution	to	the	upper‐level	problem.	This	method	
also	provides	basics	for	a	heuristic	approach	to	design	the	corresponding	trajectories	specified	
as	a	small	number	of	simple	quadratic	segments.	Then	an	exact	solution	approach	based	on	
convex	 quadratic	 programing	 is	 proposed	 to	 optimize	 these	AMV	 trajectories	with	 a	more	
complex	convex	objective	function.	The	feasible	cone	method	is	also	used	to	construct	valid	cuts	
to	 expedite	 the	 exact	 model	 solution	 efficiency.	 Numerical	 experiments	 are	 conducted	 to	
compare	these	two	approaches.	The	results	show	that	the	heuristic	approach	can	achieve	near‐
optimum	 solutions	 and	 greatly	 reduce	 the	 solution	 time,	 which	 is	 appealing	 to	 real‐time	
engineering	applications.	The	results	also	show	 the	superiority	of	 the	proposed	approach	 in	



optimizing	 the	 AMV	 docking	 trajectories	 compared	 with	 traditional	 platooning	 methods.	
Besides	the	macroscpic	trajectory	planning,	this	presentation	will	also	briefly	discuss	relevant	
models	 and	 theories	 on	 macroscopic	 fleet	 operations	 of	 AMVs.	 Some	 preliminary	 lab	
experiments	will	be	also	discussed.		
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