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Last	time:





Why	do	we	need	nonlinear	data	analytics	and	why	are	
they	important?	

• High	dimensional	data	typically	lives	on	or	is	near	a	low-dimensional	
manifold,	but	that	manifold	is	not	necessarily	-- and	usually	not	–
linear!



• An	n-dimensional	manifold	
locally	“looks	like” a	piece	of	Rn.

• For	examples,	sphere	and	torus.
• Key	features	of	amanifold:	
curved

• Only	manifolds	can	capture	
UAV’s		dynamical	behaviors

What	is	a	manifold?



From	Regular	Surface	to	Manifold



Exact	meanings:



A	Parametrization	
and	a	coordinate	neighborhood











































The	tangent	plane







Meaning	of	“Differentiable”	on	a	curved	surface	



Change	of	Parameters





Applications	to	big	data	problems

• For	cell	phone	data
• Work	out	details	with	students	on	the	board



User_j walking	data

User_i walking	data



• How	to	model	and	capture	the	dynamics	and	
kinematics	of	an	UAV?



You	may	wonder:	How	to	use	manifold	 to	study	UAV	data?	
Simplest	case:	drawing	a	curve	on	a	sphere
Try	to	capture	characteristics	of		flight	controls	

• Key:		Developed	a	dimension-
reduction	technique	for	large	
nonlinear	data.

• For	example:	Only	look	at	UAV	
“headings”

• All	possible	headings	for	all	UAVs	form	
a	sphere.	

Only	consider	UAV	heading	directions	here,	
but	works	for	any	other	UAV	characteristics	

Just	recording	the	heading	while	a	UAV	is	
flying	gives	a	heading-behavior	curve.		


