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“The	biggest	enemy	to	learning	
is	the	talking	teacher.”		
―	John	Holt	
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works		

•  mul+modal	speech	recogni+on	(2004-2008)	
•  mul+modal	speech	inversion	(2005-2009)	

•  mul+modal	speech	synthesis	(2012-today)	
•  mul+modal	emo+on	recogni+on	(2010-today)	
•  mul+modal	saliency	modeling	(2012-today)	
	
•  mul+modal	gesture	recogni+on	(2012-today)	
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joint	work	with	G.	Papandreou,	V.	Pitsikalis,	P.	Maragos	
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results	“To	be	or	not	to	be?	That	is	the	ques+on.”		

joint	work	with	P.	Fildisis	
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	ATHENA	R.C.		
Robo+c	Percep+on	&	Interac+on	Unit	

Computer	Vision,	Speech	Communica+on	and	Signal	Processing	
Group	

	h3p://cvsp.cs.ntua.gr	
	
	You’ll	find	us	at	ICASSP,	ICIP,	Interspeech,	IROS,	

Eusipco	or	(more	o>en)	in	Athens,	Greece	working	
on	saving	the	world!...	In	our	own	(unique)	way,	of	

course.	J	
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“put	that	there!”	

Bolt,	R.	(1980).	“Put	that	there”:	Voice	and	Gesture	at	the	Graphics	Interface			
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speech	as	a	whole	includes	lexical,	
emo+onal,	seman+c,	phonological,	
syntac+c,	and	motoric/gestural	

aspects	

McNeill,	D.	(1985).	So	you	think	gestures	are	nonverbal?	
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a	single	unified	classifica+on	scheme	
of	gesture	is	merely	impossible	given	
the	mul+tude	of	dimensions	gesture	

can	depend	on					

Kendon,	A.	(2004).	Gesture.	Visible	ac+on	as	u3erance.		
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dimensions	
•  meaning	independent	of	or	only	in	conjuc+on	

with	speech	(Efron,	1941.)	
•  origin,	usage,	coding	(Ekman	&	Friesen,		1969)	

•  form,	meaning,	communica+ve	func+on	
(McNeill,	1992)	

•  topic	related	and	interac+ve	character	
(Bavelas,	1992)	
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iconic	
metaphoric	

beat	
deic+c	
cohesive	
emblem	
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gestures	help	us	communicate	
meaning	and	more	easily	retrieve	

words	during	speech	
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gestures	in	computer	interfaces	have	
been	viewed	in	the	past	as	a	

language	but	it	would	be	beneficial	
to	consider	them	as	part	of	a	

mul+modal	communica+ve	event			
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…	and	the	quest	to	create	more	
natural	and	robust	human-computer	

interfaces	begins	
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the	majority	of	mul+modal	gesture	
recogni+on	systems:	
• first	recognize	events	in	each	
modality	separately,	

• and	then	fuse	the	decisions.	
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1,	2,	3…	ac+on!	
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•  Captures data at 30 fps  
•  Color stream:  

–  32bpp (BGRA format – 24 are useful)  
–  Uncompressed image: ~8 MB 

•  Depth stream:  
–  16bpp  
–  Uncompressed image (in 32bpp): ~800 kB 

•  Skeleton & Face stream:  
–  Up to 6 skeletons tracked 
–  Basic hand gestures included (closed, open, lasso) 
–  Face position & properties 

•  Audio 
–  4 streams at 44100Hz (raw) 
–  1 clean audio stream (processed) 

	

Kinect	details	
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skeleton	tracking	

Sho3on	et	al.	(2011).	Real-Time	Human	Pose	Recogni+on	in	Parts	from	Single	Depth	Images		
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online	gesture	recogni+on	system	

Rodomagoulakis	et	al.	(2016).	MM	Human	Ac+on	Recog.	in	Assis+ve	Human-Robot	Interac+on	
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visual	recogni+on	pipeline	

Temporal	
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Window	

Visual	
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SPCOM	2016,	Mul+modal	Gesture	Recogni+on	



Visual	features	:	Dense	Trajectories	

1.	Feature	points	are	sampled	on	a	
	regular	grid	in	mul+ple	scales	

2.	Feature	points	are	tracked	through	
consecu+ve	video	frames	

3.	Descriptors	are	computed	in	space-+me	
volumes	along	trajectories	

[	Wang	et	al.	
			IJCV	2013	]	
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speech	recogni+on	pipeline	
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speech	feature	extrac+on	

•  Mel	Frequency	Cepstral	Coefficients	
•  Mel	Filterbank	Energies	
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speech	recogni+on	pipeline	@	work	
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§  Mul+ple	condi+ons-	scenarios-
setups:	e.g.,	mixed	sit/stand,	
near/far,	angle	of	view,	

§  non-strict	setups	
§  13	subjects,	
§  19	audio-gestural	commands	
§  Greek	spoken	commands	
§  5	itera+ons	distributed	in	

variable	condi+ons	

mul+modal	gesture	recogni+on	data	
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…and	then		
												it’s	fusion!	
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Mul+modal	fusion:	
Complementarity	of	visual	and	audio	modali+es	

Similar audio, 
distinguishable gesture 

 Distinguishable audio, 
similar gesture 
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fusion	approaches	

•  Early	fusion	
•  Late	fusion	

– Mul+ple	hypotheses	rescoring	
– Hypotheses	rescoring	with	+me	constraints	
– Score	normaliza+on	
– …	
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overall	fusion	scheme	

N-best	list	
genera+on	

audio	

skeleton	 N-best	list	
genera+on	

handshape	 N-best	list	
genera+on	

mul+ple	
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list	rescoring		
	&	resor+ng	

best	
single-stream	
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best	
mul+stream	
hypothesis	 parallel	

segmental		
fusion	

single-stream	models	

recognized	
gesture	
sequence	

Pitsikalis	et	al.	(2015).	Mul+modal	Gesture	Recogni+on	via	Mul+ple	Hypotheses	Rescoring	
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mul+ple	hypotheses	rescoring	

Pitsikalis	et	al.	(2015).	Mul+modal	Gesture	Recogni+on	via	Mul+ple	Hypotheses	Rescoring	
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segmental	parallel	fusion	

Pitsikalis	et	al.	(2015).	Mul+modal	Gesture	Recogni+on	via	Mul+ple	Hypotheses	Rescoring	
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a	popular	dataset	

•  ChaLearn	2013:	using		kinect	for	mul+modal	
gesture	recogni+on	
– RGB,	depth,	audio,	skeleton	

•  20 cultural/anthropological signs of Italian language 
•  22 different users 

•  20 repeats per user approximately  
(~1 minute for each gesture video) 

Escalera	et	al.	(2013).	Mul+modal	Gesture	Recogni+on	Challenge	
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results	
Decoding	video	example	
ChaLearn	challenge	data	

Best	result	in	ChaLearn	challenge:	+7%	

93.33	
88.198	

87.244	
84.613	

82.895	 82.675	

80	

85	

90	

95	

100	

[21]	Wu	et	al.	(2013).	Fusing	mul+-modal	features	for	gesture	recogni+on.	
[22]	Bayer	and	Silvermann	(2013).	A	mul+	modal	approach	to	gesture	recogni+on	
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Audio-Visual	Fusion	&	Recogni+on	

n  Audio	and	visual	modali+es	for	A-V	gesture	word	sequence.	

n  Ground	truth	transcrip+ons	(“REF”)	and	decoding	results	for	audio	
and	3	different	fusion	schemes.	

Pitsikalis	et	al.	(2015).	Mul+modal	Gesture	Recogni+on	via	Mul+ple	Hypotheses	Rescoring	
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ac+vity	detec+on	

Pitsikalis	et	al.	(2015).	Mul+modal	Gesture	Recogni+on	via	Mul+ple	Hypotheses	Rescoring	
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results	(1)	
SPCOM	2016,	Mul+modal	Gesture	Recogni+on	



results	(2)	
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results	(2)	

	
From	87.2%	using	only	audio	

performance	improved	to	93.33%	which	
corresponds	to	a	50%	rela+ve	error	

reduc+on!			
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approaches	

Escalera	et	al.	(2013).	Mul+modal	Gesture	Recogni+on	Challenge	

Team	 Score	 Modali=es	 Fusion	 Classifier	

IVA	MM	 0123	 AU,	SK	 Late	 HMM,	DP,	KNN	

WWEIGHT	 0154	 AU,	SK	 Late	 RF,	KNN	

ET	 0.169	 AU,	SK	 Late	 Tree,	RF,	ADA	

MmM	 0.172	 AU,RGB+Depth	 Late	 SVM,	GMM,	KNN	

PPTK	 0.173	 SK,	RGB+Depth	 Late	 GMM,	HMM	

LRS	 0.178	 AU,	SK,	Depth	 Early	 NN	

MMDL	 0.244	 AU,	SK,	RGB	 Late	 DBM+LR	

TELEPOINTS	 0.26	 AU,	SK,	RGB	 Late	 HMM,	SVM	

CSI	MM	 0.29	 AU,	SK	 Early	 HMM	
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yet	another	applica+on	

Miki	et	al.(2014).	Improvement	of	MM	gesture	and	speech	recog.	performance		
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introducing	+me	constraints	

Miki	et	al.(2014).	Improvement	of	MM	gesture	and	speech	recog.	performance		
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results	

Miki	et	al.(2014).	Improvement	of	MM	gesture	and	speech	recog.	performance		
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modeling	

•  Instead	of	GMMs,	emission	probabili+es	can	
be	es+mated	by	(deep)	neural	networks	
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convolu+onal	layers	
•  Local	connec+vity	is	enforced	

•  Weights	are	shared	
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visual	gesture	recogni+on	(1)	

•  Deep	Dynamic	Neural	Networks	for	Gesture	
Recogni+on		

Wu	et	al.(2016).	Deep	Dynamic	NNs	for	MM	Gesture	Segmenta+on	and	Recogni+on		
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visual	gesture	recogni+on	(2)	

Wu	et	al.(2016).	Deep	Dynamic	NNs	for	MM	Gesture	Segmenta+on	and	Recogni+on		
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speech	recogni+on	

Slide	from:	Dong	Yu,	“Deep	Learning	for	Automa+c	Speech	Recogni+on”	
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challenges	

•  What	if	one	of	the	available	streams	is	noisy?	
– Or	completely	missing?		

•  Recognize	gestures	and	enhance	
understanding	during	conversa+on	

•  Temporal	modeling	can	possibly	be	
significantly	improved	
– Use	HCRF	or	RNNs	with	LSTM	nodes	
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thanks	to	collaborators!	

•  Niki	Ewhymiou	
•  Panagio+s	Fildisis	
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