
Toward	Understanding	Natural	Language	
Directions

Video



Motivating	Example



Data	Corpus

• Data	collection
• 15	visitors	wrote	10	sets	of	directions	each	(150	total)
• Each	visitor	tries	to	follow	someone	else’s	directions	to	check	quality

• Best	direction	giver	– 100%	followable instructions
• Worst	direction	giver	– 30%	followable instructions

• Only	landmarks	shown	on	predetermined	map	could	be	used





Exploit	the	Structure	of	Language

• Directions	are:
• Sequential
• Contain	references	to	landmarks
• Contain	spatial	relations	(though,	past,	etc)
• Contain	verbs



Spatial	Description	Clause	(SDC)

• figure (the	subject	of	the	sentence)
• verb (an	action	to	take)
• landmark (an	object	in	the	environment)
• spatial	relation (a	geometric	relation	between	the	landmark	and	the	
figure)

• Any	of	these	fields	can	be	unlexicalized and	therefore	only	specified	
implicitly.	

“[you]	Go	down	the	hallway,”

figure
verb

spatial	relation

landmark



Most	frequent	words	in	each	SDC	field	from	the	corpus	if	150	directions	(hand	
annotated).



Process

• Automatically	extract	SDCs	from	text	(CRFs)
• Ground	each	part	in	the	environment





Topological	Map



Conditional	independence	of	three	disjoint	variables:	once	O	is	known,	knowing	S	
can	no	longer	influence	the	probability	of	P.	

They	add	an	additional	assumption	that	the	path	is	independent	of	the	objects.		
Which	leads	to:



Additional	simplifying	assumptions	(standard	Markovian):		
1) an	SDC	depends	only	on	the	current	transition	𝑣"	, 𝑣"%&
2) the	next	viewpoint	𝑣"%& depends	only	on	previous	viewpoints.

Obtain	the	probabilities	from	their	labeled	training	data:



Grounding	the	figures	to	physical	
landmarks

• “the	door	near	the	elevator”,	“a	beautiful	view	of	the	domes”

• Download	>1M	images	from	Flikr
• Used	this	dataset	to	model	object	co-occurrence	
• 𝑃 𝑘𝑖𝑡𝑐ℎ𝑒𝑛 𝑚𝑖𝑐𝑟𝑜𝑤𝑎𝑣𝑒, 𝑡𝑜𝑎𝑠𝑡𝑒𝑟



Grounding	spatial	relations

• Hand	drawn	training	examples



Grounding	spatial	relations

• Hand	drawn	training	examples





Evaluation



Understanding	Natural	Language	Commands
for	Robotic	Navigation	and	Mobile	Manipulation





Other	related	projects

• http://www.youtube.com/user/HRILaboratory?feature=watch






