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The	Fias	HABA-MABA	
(humans-are-beaer-
at/machines-are-
beaer-at)	approach		

Fias,	P.M.,	ed.	Human	
Engineering	for	an	Effec0ve	
Air	Naviga0on	and	Traffic	
Control	System.	
Washington,	D.C.:	Na2onal	
Research	Council,	1951.	
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Automation evolution…

Automation evolution and emergence of contributing disciplines 
(Rasmussen’s model) 
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Sofware	

Electronics	

Mechanics	
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Interface
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Factors EngineeringErgonomics

Why HFE ?
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Automation    vs.    Autonomy
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Machine cognitive function 

Human cognitive function 

Air Traffic Management…

… a multi-agent system	

How	do	we	iden2fy	emergent	cogni2ve	func2ons?	



Complexity	
in	connec2ons		
as	well	as	
in	agents		
themselves	

Multi-agent systems properties…

Separability	
a	crucial	issue	
	

Emergent	
func1ons		
and	
the	maturity	
issue	

…	therefore,		this	is	a	living	organism	



Therefore, the problem is …


§  not	to	be	stated	within	the	cockpit	only	
§  but	in	the	mul2-agent	environment	
§  and	taking	into	account	ATM	complexity	

e.g.,	self-separa2on	
human	&	systems	orchestra2on	
looking	for	models	of	interac2on	



Models of interaction…


Supervision	 Media2on	 Coopera2on	by	
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Virtual engineering…




Hardware	

New	Stuff…	

Sofware	
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Tangible: What do we mean?


Something	is	tangible	when	it	is	graspable		
															in	the	physical	sense,		
but	also	in	the	figura1ve	sense.		
	
	



Tangibility…	

Integra2on	
Innova2on	
Complexity	
Flexibility	
Maturity	
Stability	
Sustainability	

Boy,	G.A.	(2016).	Tangible	Interac2ve	Systems:		
Grasping	the	Real	World	with	Computers.		
Springer,	U.K.	ISBN	978-3-319-30270-6.	



TISs in Air Traffic Management…	
	
Flying	in	the	early	21st	century,	in	high	density	
traffic,	requires	new	competencies	and	TISs	
capable	of	handling	complexity	of	the	overall	
organiza2on.	

Complexity	Science	

Emergent	Proper1es	and	Behaviors	

Discover,	model	and	use	



What is at stake?

•  1956:	birth	of	Ar2ficial	Intelligence	(AI)	

– AI	is	about	Cogni2on	
– Aeronau2cs	is	about	Cogni2on	vs.	Physics	

•  Drones	as	Autonomous	Robots	≠	Automa2on	
– What	is	Autonomy?	
– Open	World	vs.	Close	World…	

•  More	Autonomy	à	More	Coordina2on!	



TISs in Air Traffic Management…	
	
																									Air	Show	 vs.	Flock	of	birds	

Manual	&	Automa2c	Control	

Autonomy	

Automa1on	

TISs	Protec2on	
Envelopes	



Two main types of TIS	

Predictable	

Emergent	

High	Level	TIS	for	high	level	management	
	FMS	
	4D	dynamic	planning	(traffic,	weather,	…)	
	…	

Low	Level	TIS	for	low	level	control	
	autopilot	
	collision	avoidance	and	automated	recovery	
	…	

Behaviors	
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Simple formation




More complex formation




Even more complex formation 




Crossing trajectories






Machine cognitive function (TIO) 

Human cognitive function 

TISs in Air Traffic Management…	



Disciplinary Evolution

Human	Factors	and	Ergonomics	(Human-Machine	Interfaces)	
	à	HFE	experts	correct	engineering	produc2ons	

Human-Computer	Interac2on	
	à	From	correc2ve	ergonomics	to	interac2on	design	

Human-Systems	Integra2on	
	à	Systems	engineering	and	HCD	combined	



Task vs. Activity


HFE	

HCI	

HSI	

1960s	 1980s	 2000s	1990s	1950s	 1970s	 2010s	

Observe	ac2vity	when	everything	is	built	

(correc2ve		
ergonomics)	

Analyze	and	take	into	account	tasks	at	design	2me	

(interac2on		
					design)	

Observe	and	take	into	account	ac2vity	at	design	2me	

(SE	+	HCD)	
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V-Model	



Technology-Centered	
Engineering	

Human-Centered	
Design	



Technology-Centered	
Engineering	

Human-Centered	
Design	



Human-Centered	
Design	

Technology-Centered	
Engineering	



Human-Centered	
Design	

Technology-Centered	
Engineering	

Human-Systems	Integra1on	



HCD as a core discipline…

•  Understand	principles	of	HSI	

–  Func2on	alloca2on	(TIS)	
–  Interac2on	models	
–  Context	models…	

•  Systems	and	design	thinking	
–  Complexity	analysis	
–  Organiza2on	design	and	management	
–  Life-cri2cal	system	proper2es…	

•  Tools	for	HCD	
– Modeling	and	prototyping	
–  Human-in-the-loop	simula2ons	
–  Advanced	interac2on	media...	
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What we are looking for …


§  not	short-term	responses	
§  but	intrinsic	principles	
§  and	sustainable	solu2ons	

engineering	and	design	evolu2on	
new	technological	possibili2es	
familiarity	with	complex	systems	



Organize Creativity Spaces…




Recommendations for HCD

1.  Concepts	of	opera2on	and	scenario	development	
2.  Task	analyses	
3.  Func2on	alloca2on	between	humans	and	systems	
4.  Alloca2on	of	roles	and	responsibili2es	among	humans	
5.  Itera2ve	conceptual	design	and	prototyping	
6.  Empirical	tes2ng,	e.g.,	human-in-the-loop,	tes2ng	

with	representa2ve	popula2on,	or	model-based	
assessment	of	human-system	performance	

7.  In-situ	monitoring	of	human-system	performance	
during	flight	

NASA	Human-Systems	Integra2on	Prac22oner’s	Guide.	Nov.	2015	
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You want to know more…
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Orchestrating Human-Centered Design

Orchestrating 
Human-
Centered 
Design

Guy André Boy

Computer Science

Orchestrating Hum
an-Centered Design

The time has come to move into a more humanistic approach of technology and 
to understand where our world is moving to in the early twenty-fi rst century. Th e 
design and development of our future products needs to be orchestrated, whether they 
be conceptual, technical or organizational. Orchestrating Human-Centered Design 
presents an Orchestra model that attempts to articulate technology, organizations and 
people. Human-centered design (HCD) should not be limited to local/short-term/linear 
engineering, but actively focus on global/long-term/non-linear design, and constantly 
identify emergent properties from the use of artifacts.

Orchestrating Human-Centered Design results from incremental syntheses of courses 
the author has given at the Florida Institute of Technology in the HCD PhD program. 
It is focused on technological and philosophical concepts that high-level managers, 
technicians and all those interested in the design of artifacts should consider. Our 
growing soft ware -intensive world imposes better knowledge on cognitive engineer-
ing, life-critical systems, complexity analysis, organizational design and management, 
modeling and simulation, and advanced interaction media, and this well-constructed 
and informative book provides a road map for this.

 Boy
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ISBN 978-1-4471-4338-3



HCDIA	graduate	school…	



Thank you!



