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Goal	–	Decision	Support	System	



• Architecture	
– “Dynamic	merge”	of	travel	modes	
(walking	to	stop,	public	transport,	
connec3ons)	with	real-3me	traffic	
simula3ons	

– Advanced	analy3cs	engines	for	
ci3es	as	well	as	users	

• Real-.me	data	inges.on	
– Real-3me	feed	of	vehicle	loca3ons	
– Real-3me	traffic	feed	using	Nokia	
HERE	APIs	

• Advanced	decision	support	
– Advanced	trip	planning	
– No3fica3ons	and	alerts	
– Rescheduling	
– City	services	planning	

• Incen.ve-based	ridership	
promo.on	
– Integrated	health	monitoring	
– Cost	and	gas	savings	
– Carbon	credit	calcula3ons	
– Integra3on	with	city	incen3ves	

Approach	–	Transit-Hub	



•  Building	online	data	mining	and	analy3cs	for	
providing	both	real-3me	sugges3ons	as	well	as	
improving	the	transit	service	in	long-term.	

•  Increasing	the	user	interac3on	mechanism	
beyond	smart	phone	applica3ons	and	providing	a	
path	for	interopera3ng	with	third	party	services.	

•  Ensuring	that	we	can	distribute	the	
computa3onal	components	beyond	tradi3onal	
cloud	while	ensuring	resilience	and	reliability.	

Intellectual	Challenges	
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•  We	are	
developing	
techniques	to	
combine	
mul3ple	data	
sources	for	
providing	
short	term	and	
long	term	
delay	
predic3on.	

Delay	Radar	–	Online	Data	Mining	and	Analy3cs	

DelayRadar:	A	Mul.variate	Predic.ve	Model	for	Transit	Systems,	IEEE	Big	Data,	
December		2016.	
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Delay	Radar	-	Mul3variate	Predic3ve	Models	

•  Predic3ng	the	effect	
of	mul3variate	on	
transit	system	delay.	
•  Weather	

condi3on	
•  Traffic	flow	

•  Long-term	delay	
predic3ve	model	
•  Mul3variate	

linear	regression	
•  Random	forests	

•  Understanding	the	
seasonal	varia3ons	
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Delay	Radar-	Core	Algorithm	

•  Compute	the	route	segments	
from	the	given	transit	schedule	
and	map	

•  Get	the	recent	delay	data	from	
routes	that	share	the	segment	

•  Calculate	delay	pacerns:	
•  Compute	3me	intervals	that	have	the	

highest	similarity	of	delay	pacerns.	
•  The	mean	of	the		3me	interval	that	is	

closest	to	the	current	predic3on	as	
the	current	delay	is	used	as	the	
current	delay	for	the	route	segment.	

•  We	filter	the	delay	via	a	smoothing	
filter	aderwards.	

•  The	delay	over	the	whole	route	is	
computed	by	analyzing	the	delay	
across	all	the	route	segments.	

The	result	is	the	travel	delay	predic3on	for	the	segment	and	hence	the	whole	route	

•  57	bus	routes	
•  5139	shared	segments	



Delay	Radar	Algorithm	

Bai, Cong, et al. "Dynamic bus travel time prediction models on road with multiple bus 
routes." Computational intelligence and neuroscience 2015 (2015): 63.	

RMSD	of	travel	3me	delay	predic3on	
when	comparing	the	Transit-Hub	
model	with	the	SVM	Kalman	model	

proposed	in	2015		

Arrival	delay	predic3on	for	Route	3	and	a	
specific	stop.		

The	graph	shows	how	the	confidence	
interval	(90%)	bound	3ghtens	over	3me.	

Experiment	1:	 Experiment	2:	
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Delay		Radar	Scheduling	Feedback	

Showing	percentages	of	historical	trips	in	June	2016	where	bus	arrival	
delay	at	3me	points	is	between	[-6	min,	+1	min]	

	
The	changed	schedule	is	currently	under	considera3on	at	MTA	
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Siemens	City	Hub	-	Novel	user	interac3on	mechanism	

Manage	
sensor	data	
and	analy3cs	

results	

Delay	Predic3on	Results	

City	Hub	
SDK	

Database	

Microservice	1	
Microservice	2	
Microservice	3	

…	

Transit-Hub	
Analy.cs	



Transit	Hub	–	Integrated	Applica3on	

Trip	Planning	 Real-Time	View	 Incen3ves	
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User	Ac3vity	

Des3na3on	Departure	

Des3na3on	addresses	are	more	widely	distributed	across	the	city,	while	the	
departure	addresses	are	concentrated	along	main	roads.	
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•  CHARIOT	(Cyber-pHysical	Applica3on	
aRchItecture	with	Objec3ve-based	
reconfiguraTion)	is	a	holis3c	solu3on	for	
managing	extensible	CPS	

	
•  CHARIOT	comprises	of	en33es	that	can	

be	classified	into	three	layers:	
–  Design	layer:	DSML	(Domain-Specific	

Modeling	Language)	to	model	systems,	and	
interpreters	to	retrieve	informa3on	from	
system	models	

	
–  Data	layer:	Codifies	the	format	in	which	

system	informa3on	(comprises	design-3me	
system	descrip3on	and	run3me	system	
representa3on)	must	be	stored	

	
–  Management	layer:	Facilitates	autonomous	

resilience	by	implemen3ng	a	self-
reconfigura3on	mechanism	(sense-plan-
act)	

•  Failure	avoidance	
•  Failure	management	
•  Opera3ons	management	

CHARIOT	Overview	
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Future	Extension	
•  US-Ignite:	Social	
Compu3ng	Plaoorm	
for	Mul3-modal	
transporta3on	
op3miza3on	
–  In	collabora3on	with	
Baosen	Zhang	and	
Lillian	Ratliff	from	
University	of	
Washington.	

–  The	solu3ons	will	be	
deployed	in	Nashville	
as	well	as	Seacle	 Intellectual	challenge	–	peer	to	peer	

compu.ng	for	distributed	op.miza.on	
Can	we	lose	the	cloud?	



Scien.fic	Impact:		
•  An	extensible	middleware	framework	

that	can	be	used	to	integrate	other	
city	services	e.g.	parking	management	

•  Framework	to	combine		historical	
data-driven	analy3cs	with		real-3me	
analy3cs.	

•  Understanding	how	decision	support	
systems	and	incen3ve	campaigns	
affect	human	engagement	with	the	
system	

•  Overall	6	publica3ons	from	the	
project	to	date	

Solu.on:		
•  City-Hub	Integrated	Applica3on	

–  Real-3me	planning	
–  Service	Alert	Integra3on	

•  A	decision	support	system	
–  Data-driven	analy3cs	
–  Integrated	Simula3on	

based	approach	for	“what-
if”	analysis	

•  Middleware	for	managing	the	
distributed	system	

Social	Challenge:		
•  Public	Transit	System	is	currently	

significantly	underu3lized	in	
Nashville.	

•  Making	transit	services	easier	to	
use		is	important	

Broader	Impact:		
•  Deployment	in	Nashville.	
•  Inclusion	of	undergraduates	in	the	

research.	
•  Use	of	transit-hub	as	one	of	the	project	

in	a	mul3disciplinary	university			
•  Ini3al	research	results	have	

encouraged	us	to	set	up	a	center	for	
focusing	on	smart	city	research.	

•  The	next	phase	is	focusing	on	mul3-
modal	transporta3on.	

Abhishek	Dubey,	Jules	White,	
Sandeep	Neema		
Award	#	1528799	

Summary	

Technical	Challenge:		
•  Data-Driven	Decision	Support	

System	
•  Integra3ng	heterogeneous	sources	

of	data	
•  Making	the	service	extensible	


