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Vue	d’ensemble	sur	mes	travaux	de	recherche	
(5	dernières	années)	

		
	Réseaux	de	capteurs	scalaires		

 
•  Routage	localisé	:	la	décision	du	routage	est	prise	localement	en	u6lisant	uniquement	

l’informa6on	1-hop.		
•  Ahmed	Mostefaoui,	Mahmoud	Melkemi,	Azzedine	Boukerche:	“Localized	Rou6ng	Approach	to	Bypass	Holes	in	Wireless	

Sensor	Networks.”	IEEE	Trans.	Computers	63(12):	3053-3065	(2014)	
•  Ahmed	Mostefaoui,	Mahmoud	Melkemi,	Azzedine	Boukerche:	“Rou6ng	through	holes	in	wireless	sensor	networks.”	MSWiM	

2012:	395-402	

•  Fusion	de	données	:	approches	sérialisées	plus	efficaces	mais	plus	complexes	à	développer.	
•  Mohammed	Amine	Merzoug,	Azzedine	Boukerche,	Ahmed	Mostefaoui,	Samir	Chouali:	“Spreading	Aggrega6on:	A	distributed	

collision-free	approach	for	data	aggrega6on	in	large-scale	wireless	sensor	networks.”	J.	Parallel	Distrib.	Comput.	125:	
121-134	(2019)	

•  Mohammed	Amine	Merzoug,	Azzedine	Boukerche,	Ahmed	Mostefaoui:	“Efficient	informa6on	gathering	from	large	wireless	
sensor	networks.”	Computer	Communica6ons	132:	84-95	(2018)	

•  Azzedine	Boukerche,	Ahmed	Mostefaoui,	Mahmoud	Melkemi:	“Efficient	and	robust	serial	query	processing	approach	for	
large-scale	wireless	sensor	networks.”	Ad	Hoc	Networks	47:	82-98	(2016)	

•  Ahmed	Mostefaoui,	Azzedine	Boukerche,	Mohammed	Amine	Merzoug,	Mahmoud	Melkemi:	“A	scalable	approach	for	serial	
data	fusion	in	Wireless	Sensor	Networks.”	Computer	Networks	79:	103-119	(2015)	

	
	



Vue	d’ensemble	sur	mes	travaux	de	recherche	
(suite…)	

		
	Réseaux	de	capteurs	mulAmédias 

•  Contrôle	distribué	:	contrôler,	de	manière	distribuée,	le	débit	des	données	vidéo	tout	en	
tenant	compte	des	contraintes	du	réseaux	(consomma6on	énergé6que,	qualité	des	liens,	
etc.).			

•  Nesrine	Khernane,	Jean-François	Couchot,	Ahmed	Mostefaoui:	“Op6mal	power/rate	trade-off	for	internet	of	mul6media	
things	life6me	maximiza6on	under	dynamic	links	capacity.”	Future	Genera6on	Comp.	Syst.	93:	737-750	(2019)	

•  Nesrine	Khernane,	Jean-François	Couchot,	Ahmed	Mostefaoui:	“Maximum	network	life6me	with	op6mal	power/rate	and	
rou6ng	trade-off	for	Wireless	Mul6media	Sensor	Networks.”	Computer	Communica6ons	124:	1-16	(2018)	

•  SécurisaAon	:	sécuriser	les	images	transmises	en	préservant	les	ressources	du	réseau	
•  Ahmed	Mostefaoui,	Zeinab	Fawaz,	Hassan	N.	Noura:	“A	robust	image-encryp6on	approach	against	transmission	errors	in	

Communica6ng	Things	Networks.”	Ad	Hoc	Networks	94	(2019)	
•  Ahmed	Mostefaoui,	Hassan	N.	Noura,	Zeinab	Fawaz:	“An	integrated	mul6media	data	reduc6on	and	content	confiden6ality	

approach	for	limited	networked	devices.”	Ad	Hoc	Networks	32:	81-97	(2015)	

•  Couverture	périphérique	:	ordonnancer	l’ac6vité	des	nœuds	de	telle	sorte	à	assurer	une	
couverture	périphérique.			

•  Amor	Lalama,	Nesrine	Khernane,	Ahmed	Mostefaoui:	“Closed	Peripheral	Coverage	in	Wireless	Mul6media	Sensor	
Networks.”	MobiWac	2017:	121-128	

	
	



Vue	d’ensemble	sur	mes	travaux	de	recherche	
(suite…)	

		
	

Réseaux	de	véhicules	connectés	et	mobilités	(en	collaboraAon	avec	PSA	Peugeot	Citröen) 
•  Big	data	:	accéléra6on	et	passage	à	l’échelle	des	applica6ons	V2I.		

•  Amir	Haroun,	Ahmed	Mostefaoui,	François	Dessables:	“Data	fusion	in	automo6ve	applica6ons.”	Personal	and	Ubiquitous	
Compu6ng	21(3):	443-455	(2017)	

•  Amir	Haroun,	Ahmed	Mostefaoui,	François	Dessables:	“A	Big	Data	Architecture	for	Automo6ve	Applica6ons:	PSA	Group	
Deployment	Experience.”	CCGrid	2017:	921-928	

•  Anthony	Nassar,	Ahmed	Mostefaoui		and	François	Dessables:	“Improving	bid-data	automo6ve	applica6ons	performance	
through	adap6ve	resource	alloca6on”.	IEEE	Symposium	on	Computers	and	Communica6ons	2019:	49-55	Barcelona	

•  Protocole	de	communicaAon	:	développement	et	vérifica6on	de	protocoles	spécifiques	
(MQTT-CV).	

•  Samir	Chouali,	Azzedine	Boukerche,	Ahmed	Mostefaoui:	“Towards	a	Formal	Analysis	of	MQs	Protocol	in	the	Context	of	
Communica6ng	Vehicles.”	In	the	15th	ACM	MOBIWAC	2017,	Miami,	FL,	USA,	November	21	-	25,	2017.	ACM	2017,	pages:	
129-136	

•  Samir	Chouali,	Azzedine	Boukerche,	Ahmed	Mostefaoui:	“Ensuring	the	Reliability	of	an	Autonomous	Vehicle:	A	Formal	
Approach	based	on	Component	Interac6on	Protocols.”	In	the	20th	ACM	IMSWiM	2017,	Miami,	FL,	USA,	November	21	-	25,	
2017,	pages:	317-321,	Best	Short	Paper	Award.	

•  Ville	connectée	et	mobilité	:	cartographie	temps	réel	des	places	de	sta6onnement	
disponibles	au	niveau	d’une	ville.		

•  Mohammed	Amine	Merzoug,	Ahmed	Mostefaoui,	Abderrezak	Benyahia:	“Smart	IoT	No6fica6on	System	for	Efficient	In-City	
Parking.”	ACM	Q2SWinet	2019:	37-42	

	
	



Vue	d’ensemble	sur	mes	travaux	de	recherche	
(suite…)	

		
	Réseaux	WBAN	

 
•  MainAen	des	personnes	âgées	à	domicile	:	système	intégré	d’aide	et	d’alerte	en	cas	de	

malaise.		
•  Moustafa	Fayad,	Ahmed	Mostefaoui,	Samir	Chouali,	Salima	Benbernou	“Fall	Detec6on	Applica6on	for	the	Elderly	in	the	

Family	Heroes	System.”	ACM	MobiWac	2019:	17-23	

	
	



Scalable	Approaches	for	Serial	Data	
Fusion	in	Wireless	Sensor	Networks	

A.	Mostefaoui1,	A.	Boukerche2,	M.	A.	Merzoug1	and	M.	Melkemi2	
	
1University	of	Franche-Comté,	France	
2University	of	Osawa,	Canada.		
3University	of	haute	Alsace,	France	



Query	Processing	in	WSNs	
Wireless	sensor	networks		

	
	
	
	
	
Objec6ve	:	answer	queries	like:	
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SELECT AVR (temp), MAX (hum), MIN (light), COUNT() 
FROM sensors  
	



Query	Processing	in	WSNs	

•  Warehouse	approaches:	raw	data	is	first	sent	to	the	sink	
before	query	processing;	i.e.,	two	independent	processes.		
–  Query	precision.	
–  Overu6liza6on	of	the	network	resources	and	poor	scalability.	

•  In-network	centralized	approaches:	a	tree	rooted	at	the	
sink	is	constructed	and	data	is	aggregated	in	intermediate	
nodes.		
–  Reduced	u6liza6on	of	network	resources	in	comparison	to	
warehouse	approach,	

–  Vulnerability	and	poor	scalability.		
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Query	Processing	in	WSNs	

•  Distributed	approaches:	derive	an	es6mate	of	a	parameter	or	
func6on	of	interest	from	raw	(sensed)	data.	The	es6mate	is	
successively	(i.e.,	itera6vely)	carried	out	through	local	
computa6ons	from	the	exchanged	data	between	immediate	
neighbors.		

–  No	central	base	sta6on	is	required,	
–  Mul6-hop	communica6ons	are	avoided	(no	need	to	maintain	roo6ng	

data),		
–  Robustness	and	good	scalability.		

–  Important	communica6ons	consump6on	to	reach	the	convergence,	
–  Query	response	6me	par6cularly	high	due	to	their	itera6ve	nature	on	

one	hand	and	to	the	number	of	packet	collision	they	generate	on	the	
other	hand.			
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Query	Processing	in	WSNs	

•  Serial	approaches:	the	es6mate	is	successively	(i.e.,	serially)	
updated	from	node	to	node	un6l	all	nodes	in	the	network	
are	visited.	The	last	node	holds	the	right	es6mate.			

	
–  Very	efficient	in	terms	of	reducing	communica6ons	compared	
to	centralized	and	distributed	approaches.	

	
–  Require	the	construc6on	of	an	Hamiltonian	path	through	the	
network	(Known	to	be	NP-Complete	problem),	

–  The	cost	of	finding	such	a	path,	in	a	“decentralized”	manner	to	
ensure	scalability,	is	very	high,	

–  High	vulnerability	

	

10	
M.	Rabbat	and	R.	Nowak.	“Quan6zed	incremental	algorithms	for	distributed	op6miza6on”.	IEEE	Journal	on	
Selected	Areas	in	Communica6ons,	23(4):798-808,	2005.	



Query	Processing	in	WSNs	

Ques6on:	how	could	serial	approaches	meet	WSNs	
requirements	(i.e.,	completeness,	scalability	and	
robustness)	whilst	maintaining	their	performances?		
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Outline	

•  Our	approach:	Peeling	Algorithm	(PA)	
– Boundary	Traversal	Algorithm	
– PA	Overview	
– Star6ng	Node	Detec6on	

•  Proof	of	Correctness	
•  Enhanced	PA	
•  Performance	Evalua6on	
•  Conclusion	and	Future	Works	
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Peeling	Algorithme	
•  Requirements:	

–  Serial	nature,	
–  Decentralized	and	Localized:	no	extra-knowledge		than	what	is	already	available	(i.e.,	

informa6on	about	immediate	neighbors	and	their	loca6ons)	is	used	in	order	to	meet	
scalability	requirement,	

–  Query	Completeness:	all	nodes	contribute	in	the	query;	i.e.,	it	should	visit	all	nodes	in	the	
network,		

–  Random	topology:	could	handle	all	network	topologies.		
	
	
•  Assump6ons:	

–  Nodes	know	their	geographical	loca6ons	and	those	of	their	immediate	neighbors,	
–  All	nodes	are	connected	(network	connec6vity),	
–  The	Query	Ini6ator	Node	(QIN)	could	be	any	node	in	the	network	(owen	the	sink),	
–  UDG	Model	
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Peeling	Algorithme	

Defini6ons:	
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Peeling	Algorithme	

Boundary	Traversal	Algorithm:	whenever	started	from	a	boundary	node,	all	
visited	nodes	belong	to	the	same	boundary.	
	

15	

A.	Mostefaoui,	M.	Melkemi	and	A.	Boukerche		“Localized	Rou-ng	Approach	to	Bypass	Holes	in	Wireless	
Sensor	Networks”		IEEE	Transac6ons	on	Computers,	63(12):3053—3065,	Sep.	2014	
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Outline	
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Peeling	Algorithme	

Overview:	
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Well	suitable	for	dense	and	hole	free	topologies	



Peeling	Algorithme	

Problem:	unvisited	region	disconnec6vity	
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Peeling	Algorithme	

Solu6on:	bridge	node	
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Peeling	Algorithme	

Problem:	ar6ficial	holes																																										Solu6on:	deac6vated	links		
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Peeling	Algorithme	

Hole’s	Problem:																																													Solu6on:	breaking	the	hole		
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Peeling	Algorithme	

Solu6on:	HGN	
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Peeling	Algorithme	

Solu6on:	breaking	holes		
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Star6ng	Node	

HGN	
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Solu6on:	breaking	holes		
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Star6ng	Node	
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Star6ng	Node	
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Peeling	Algorithme	

Solu6on:	breaking	holes		
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Star6ng	Node	
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Peeling	Algorithme	
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Star6ng	Node	
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Peeling	Algorithme	
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Star6ng	Node	
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Peeling	Algorithme	

Solu6on:	breaking	holes		
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Star6ng	Node	
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Peeling	Algorithme	

Solu6on:	breaking	holes		
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Star6ng	Node	
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Peeling	Algorithme	

Solu6on:	breaking	holes		
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Peeling	Algorithme	
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Peeling	Algorithme	
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Peeling	Algorithme	

Solu6on:	breaking	holes		
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Star6ng	Node	
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Peeling	Algorithme	

Solu6on:	breaking	holes		
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Peeling	Algorithme	
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Peeling	Algorithme	

•  Star6ng	Node	Detec6on	Process	
•  Iden6fying	NBNs	set	
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Networks.”	In	the	16th	ACM	Interna6onal	Conference	on	Modeling,	Analysis	and	Simula6on	of	Wireless	and	
Mobile	Systems,	MSWiM	'13,	Pages	181--188,	Barcelone,	Nov.	2013	
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Proof	of	correctness	

•  Objec6ve:	prove	that	PA	guaran6es	all	nodes	contribu6on	in	the	query	
(i.e.,	visits	all	nodes)	whatever	the	configura6on	of	the	network	is.		

•  Two	steps:	
–  Step	1:	prove	that	PA	terminates	(free	of	looping).		
	
–  Step	2:	prove	that	the	generated	sequence	of	visited	nodes	

contains	all	nodes	of	the	network.		
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Proof	of	correctness	

Step	1:		
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Proof	of	correctness	

Step	1:		

43	



Proof	of	correctness	

Step	1:		
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Proof	of	correctness	

Step	2:		
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Enhanced	PA	

Linearity	phenomenon			
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Enhanced	PA	

Cyclic	nodes	
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Performance	EvaluaAon	

•  Compared	Approaches:		
–  Centralized	approach	
–  Itera6ve	approach	
–  Depth	First	Approach	
–  PA	
–  EPA	

•  Metrics:	
–  Communica6on	Efficiency	(#	hops)	
–  Consumed	Energy,	
–  Query	Time-To-End	(i.e.,	query	responsiveness)	
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Performance	EvaluaAon	

•  Se{ngs	:	
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Performance	EvaluaAon	

•  Single	query	performance:	
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Performance	EvaluaAon	

•  Mul6ple	queries:	
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Performance	EvaluaAon	

•  EPA	performance:	
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Conclusion	and	Future	Work	

•  Efficient	and	Scalable	serial	approach	for	data	fusion	in	WSN.		

•  Theore6cally	proven	to	ensure	query	completeness	(i.e.,	visi6ng	all	
nodes)	in	any	network	configura6on.	

•  Suitable	for	dense	and	large	scale	deployments.		

•  S6ll	vulnerable	to	link	and	nodes	failures	
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Merci	pour	votre	aUenAon…	



Peeling	Algorithme	

Overview:	
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Overview:	
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vv	

Star6ng	Node	

	Current	unvisited	region	boundary	
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vv	
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	Current	unvisited	region	boundary	



Peeling	Algorithme	

Overview:	
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vv	

Ending	Node	

Star6ng	Node	

Well	suitable	for	dense	and	hole	free	topologies	




