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v University Satellites 
 

•  Mission analysis 
•  On-board systems/sub-system 
•  Complete satellite MAIT 
•  Ground station operations 
•  Data handling and processing 

v Space surveillance systems  
 

•  Optical observation systems 
•  Data analysis 
•  Orbit determination 
•  Active debris removal systems 
•  Spectral analysis	

S5LabACTIVITY 
 



v URSA MAIOR 
     (3U Cubesat, QB50) 
v IKUNS 
    (Italian-Kenyan University Nano Satellite) 
 
 
v EQUO 
    (EQUatorial Observatory for space debris) 

 
v REXUS/BEXUS programme 

 

ON-GOING SPACE PROJECTS 
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UNIVERSITY SATELLITES 
•   It is a functional spacecraft, rather than a payload instrument 

or component. To fit the definition, the device must operate in 
space with its own independent means of communications 
and command 

•   Untrained personnel (i.e. students) performed a significant 
fraction of key design decisions, integration & testing, and 
flight operations 
• Teach how to manage resources (budget, mass, power, time) 
• Teach how to perform group-working 

• The training of people is as important as (if not more 
important) the nominal “mission” of the spacecraft itself 



SMALL SATELLITE DEVELOPMENT 
 

v  Design v  Manufacturing 

v  Testing v  Operations 



v S5Lab	Ac)vity	

v University	Satellite	Development	

v S5Lab	Facili)es	

v URSA	MAIOR	nano-satellite	

v  IKUNS	nano-satellite	

v Student	satellite	design	process	and	review	

v Conclusions	

INDEX 



S5Lab FACILITIES 
•  MANUFACTURING	(Structure	and		Electronics)	

Engineering	Faculty	Machine	Workshop	

S5Lab	Electronic	Laboratory	and	related	equipment	

S5Lab	Milling	Machine	



S5Lab FACILITIES 

Low-Vacuum	Chamber	

•  TESTING	

S5Lab	3D	Helmholtz	coil	system	
(Magne)c	field	simulator)	

S5Lab	fric)onless	air	bearing	system	for	
spacecraT	aUtude	dynamics	and	control	

tes)ng	

S5Lab	Sun	Simulator	

S5Lab	3	DoF	ADCS	test-bed	
equipped	with		

Control	Moment	Gyros	(CMGs)	



S5Lab FACILITIES 
•  OPERATION:	

S5Lab	URBE	GS	

S5Lab	Remotely	controlled	space	debris		
observatory	

S5Lab	GS	management	facili)es	
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University of Rome la SApienza Micro Attitude In ORbit testing 

URSA MAIOR 
 

QB50 scientific project aims to study in-situ temporal and 
spatial variations of a number of key constituents and 

parameters in the lower thermosphere (400 km)  
with a network of 50 CubeSats 

QB50 Project 

Scientific/Technological Payloads 

mNLP ARTICA MEMIT 



URSA MAIOR Architecture 
 

Main OBC  

ADCS OBC  

Telemetry board 

Surrey ADCS & GPS 

mNLP (University of Oslo) 

RADIO 
UHF/VHF 

SOLAR 
PANELS 

& 
NiCd Battery 

MEMIT 

ARTICA 

LEGEND:	
	

	in	house	developed	electronics	
	

	COTS	/	Science	Unit	
	

	PC104	bus	
	

	non-PC104	bus	
	

	test	payloads	



URSA MAIOR 1st 
Prototype URSA MAIOR  

Proto-Flight model 

URSA MAIOR CAD 

URSA MAIOR FEM 

DEVELOPMENT OVERVIEW 
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VIBRATION TESTING 
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Concurrent Engineering Facility 



ASI - Concurrent Engineering Facility 
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Typical Space Project Lifecycle and 
Development Steps 

FULL	PROJECT	LIFECYCLE	
	
•  Defini5on	of	requirements	
•  Design	and	Development	
•  Build	and	Integra5on	
•  Tes5ng	and	Verifica5on	
	
•  Launch	
•  Opera5ons	
•  Data	Analysis	
•  Documenta5on	
•  Formal	Presenta5on	of	Results	

STEPS	TO	A	(Hopefully)	SUCCESSFUL	MISSION	
	
1.  Agree	on	the	objec5ves	
2.  Define	requirements	
3.  Make	a	project	plan	
4.  Design		
5.  Review	the	design	
6.  Manufacture	
7.  Verify	requirements	are	met	

8.  Launch	
9.  Opera5ons	



S5Lab typical Project Lifecycle 

FULL	PROJECT	LIFECYCLE	
	
•  Defini5on	of	requirements	
•  Design	and	Development	
•  Build	and	Integra5on	
•  Tes5ng	and	Verifica5on	

•  Launch	
•  Opera5ons	
•  Data	Analysis	
•  Documenta5on	
•  Formal	Presenta5on	of	Results	

STEPS	TO	A	(Hopefully)	SUCCESSFUL	MISSION	
	
1.  Agree	on	the	objec5ves	
2.  Define	requirements	
3.  Make	a	project	plan	
4.  Design	the	mission	and	system	
5.  Review	the	design	
6.  Manufacture	
7.  Verify	requirements	are	met	
	
8.  Launch	
9.  Opera5ons	

Quick	and	strongly	Itera)ve	Process,	including	proof	of	concept	prototypes	



S5Lab Nanosat Development Phases 
Protoflight	approach,	due	to	)me	and	budget	constraints	
	
Ø  Preliminary	Design	(3	months,	typical)	

•  Define:	Mission,	Payloads,	SpacecraW	architecture	
•  Preliminary:	design	budgets,	CAD	drawings,…	
	

Ø  1st	Prototype	(4	months,	typical)	
•  Detailed	system	design		
•  Build	a	(preliminary)	prototype	of	the	spacecraW,	including:	structure,	

electronics,	mechanical	interfaces	to	payloads,	mechanisms	(if	any)…	
•  Verify	electronics,	components,	low	level	soWware	rou5nes,	interfaces…..	
•  Verify	harness	layout,	satellite	assembly	and	integra5on	procedures	
•  Tes5ng	(Vibra5on,	Thermal)	
	

Ø  Protoflight	(5	months,	typical)	
•  Fix	errors,	select	final	components,	update	assembly	procedures	
•  Develop	(high	level)	soWware	
•  Verify	and	eventually	fix	“local”	errors	
•  Verify	assembly	and	integra5on	procedures	
•  Tes5ng	(Vibra5on,	Thermal,	Thermal	Vacuum)	



Nanosat Preliminary Design Process 
Ideas	(mission,	payload(s),	solu)ons…)	

Define	mission	objec)ves	and	mission	scenario	

	
Preliminary	payload’s	and/or	P/L	interface	design	
	

	
Preliminary	spacecraT	design	
	

Cost	analysis,	
budget	constraints	

State	of	the	art,		
commercial	availability	of	components/subsystems	

Define	Requirements	



Nanosat Preliminary Design Process 
•  Mission	and	payload	ideas	(Phd,	Msc	Thesis,	Professors)	

Ø  Internal	Lab	Payloads	(e.g.	Technical	demostra)on,	in	orbit	tes)ng)	
Ø  External	Payloads	(e.g.	funding	agency	requirements,	scien)fic	coopera)on)	

•  Payload	Objec)ve	Defini)on	and	Design	(interface	design	for	external	payloads)	
•  SpacecraT	subsystems	and	system	design	

HINT:	
Ø  Select	at	least	one	simple	payload	to	meet	minimal	success	criteria	(e.g.	contact	

and	telemetry	download)	and	devote	the	necessary	budget	to	that,	using	flight-
proven	hardware.	

OUTPUT:	
Ø  Mission	Scenario	
Ø  Electronics	Block	Diagrams	
Ø  Preliminary	selec)on	and	info	on	)me	to	delivery	of	electronic	parts/components	

CAD	Drawings	of	the	preliminary	spacecraT	and/or	payload	
Ø  Cost	analysis	
Ø  Timeline	Planning	of	the	ac)vi)es	

Ø  DURATION:	1-3	months	



Detailed Design and 1st Prototype 
•  Detailed	system	design		
•  Build	a	(preliminary)	prototype	of	the	spacecraW,	including:	structure,	

electronics,	mechanical	interfaces	to	payloads,	mechanisms	(if	any)…	
•  Verify	electronics,	components,	low	level	soWware	rou5nes,	interfaces…..	
•  Verify	assembly	and	integra5on	procedures	
•  Tes5ng	(Vibra5on,	Thermal)	
•  Eventually	review	design	based	on	procurement	issues	(e.g	.discon5nued	

products…..)	

OUTPUT:	

Ø  Detailed	final	design	for	the	Protoflight	model	
Ø  Possibly	Working	parts	and	subsystems	for	the	Protoflight	model	
Ø  Conscious	and	realis)c	Timeline	Planning	of	ac)vi)es	)ll	launch	
Ø  Procurement	of	all	parts	needed	for	protoflight	

Ø  DURATION:	3-5	months	



Proto-flight Model 
•  Build	the	spacecraW,	including:	structure,	electronics,	mechanical	interfaces	to	

payloads,	mechanisms	(if	any)…	
•  Develop	complete	flight	soWware	
•  Develop	complete	ground	soWware	
•  Extensive	Tes5ng	(On-board	soWware	along	with	ground	sta5on	soWware,	

Extensive	Func5onal	tes5ng,	Environmental	Tes5ng,	including,	Vibra5on,	
Thermal,	Thermal-vacuum)	

•  Complete	func5onal	tes5ng	aWer	environmental	tes5ng	

OUTPUT:	
	
Ø  Satellite	ready	for	launch	

Ø  DURATION:	4-8	months	



Team Organization 

Phd	Students	(3	students	for	URSA	MAIOR	and	IKUNS)	
Design	responsibility	

MSc	Thesis	(about	10	per	year)	
Detailed	designs,	tes5ng	procedures,	tests,		

MSc	Course	in	SpacecraT	Design	(	about	25	students	per	year)	
Design	ac5vity,	state	of	the	art	reviews,	mission	analysis….)	

BSc	Thesis	(about	15	per	year)	
Detailed	designs,	manufacturing,	tes5ng	procedures,	assistant	in	
tests,		

BSc	Courses	in	Space	Systems	and	Space	Systems	Lab	(40	students/year)	
Detailed	tasks	(e.g.	execu5on	of	tests,	part	design…)	

Professors	 Daily	interac,on,	
Quick	feedback,	Fast	Decision	Making	



Make or Buy? 
	
Ø  If	budget	allows,	“Buy”	saves	)me	and	improves	reliability	

Ø  However,	even	if	budget	allows,	one	may	choose	to	“Make”	
•  for	educa)on	purposes	
•  to	gain	experience	in	a	par)cular	field	
•  to	save	recurrent	cost	in	future	missions	

Ø  “Make”	is	obvious	when	what	you	need	is	not	on	the	market	

Ø  “Make”	involves	a	development	process	which	requires	design	and	tes5ng	itera5ons	

Ø  Typical	product	development		at	S5Lab	when	there	are	items	involving	a	“Make”	:	
•  Preliminary	design	
•  1st	prototype	(mock-up)	
•  Design	refinement	and	Protoflight	model	



Design process and review at S5Lab 
1.  At	S5Lab	the	design	team	is	small	and	typically	no	external	en55es	are	

involved	in	cri5cal	design	ac5vi5es,	hence	we	can	focus	mainly	on	the	Design	
process,	more	than	on	the	design	review.	

2.  The	design		team	is	typically	small	(up	to	10	people),	which	allows	sharing	of	
ideas,	problems	and	solu5on	on	a	daily	basis,	mostly	in	person,	to	save	5me	

3.   The	design	is	the	result	of	a	team	work.	All	decisions	are	taken	together.	
This	minimizes	the	possibility	of	errors.	

4.   Exchange	o	informa)on	is	fast	and	“informal”.	Every	team	member	is	
updated	“real-)me”	on	decisions	and	design	updates	

5.   Tools:	
•  Mission	analysis	soTware	(orbit,	visibility,	aUtude,	thermal)	
•  CAD	(mechanical	and	electronics)	
•  subsystem	prototypes	

6.   A	formal	review	is	typically	not	required,	since	the	design	is	reviewed	day	
by	day		

	

	



Lessons learned at S5Lab in University nanosats 
1.  Do	not	spend	too	much	5me	in	designing	details	in	the	early	phase	of	the	project.	Do	

not	pretend	to	reach	the	final	design	based	only	on	paper,	CAD	drawings,	numerical	
simula)ons.	As	opposite	to	common	sense,	prototypes	can	save	)me	and	efforts,	by	
giving	much	more	insight	into	the	system	and	providing	inputs	for	solu5ons	that	work.		

2.   Design	your	system	from	the	beginning	bearing	in	mind	accessibility	and	tes)ng.	
Verify	by	tes)ng.	Simula5ons	can	highlight	many	aspects,	not	all.	

3.  At	least	two	itera)ons	(including	prototypes)	are	necessary	to	reach	the	final	
protoflight	model	

4.  Check	availability	of	parts	and	procure	early	
5.  Define	a	minimum	simple	task	and	use	fligh-proven	hardware	for	that,	so	that	you	can	

claim	a	mission	success.	Complete	failure	is	frustra5ng.	
6.   Keep	complexity	low.		As	a	student,	don’t	pretend	to	develop	complex	missions	in	a	

university	curriculum	5me.	
7.  Limit	formal	documenta5on	only	to	external	en55es	involved	(e.g.	launch	provider).	

Keep	track	of	the	design	directly	by	soWware	(CAD	model,	PCB	layout	soWware….)	
8.   Concurrent	Engineering	Tools	(if	available)	make	the	design	process	easier	and	

systema5c.	Highly	instruc5ve	for	students	


