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Overview	

SWIS	CubeSat,	arDst’s	concept	
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•  Research	and	applicaDons		for	a	CubeSat	–
compaDble	imaging	spectrometer	

•  Instrument	specificaDons	
•  Mission	concepts	

–  Global	access	(6	CubeSats)	
–  Targeted	areas	(1	CubeSat)	

•  Optomechanical	design	
•  CalibraDon	mechanism	
•  CubeSat	configuraDon	
•  Current	status	and	work	to	go	
	
Goal:	demonstrate	the	poten<al	u<lity	of	
CubeSats	to	make	useful	scien<fic	
contribu<ons	in	imaging	spectroscopy	

	



Introduc<on	

•  Imaging	spectrometer	heritage		at	JPL:		AVIRIS,	
MaRS,	AVIRISng,	CAO,	NIS,		PRISM,	M3	

•  CubeSats:	
•  More	frequent/regular	sampling	relaDve	to	airborne	
•  Intermediate	to	high	resoluDon	relaDve	to	global	or	

flagship	missions	
•  RelaDvely	low-cost	alternaDve	

•  To	stay	within	CubeSat	resources:	
•  No	cryogenic	temperatures	(limits	wavelength	range)	
•  Low	data	volume	and	rate	(limits	area	coverage	to	

specific	target	areas)	
•  Telescope	aperture	constrained	by	volume	

CubeSat	placorm	parDcularly	well-suited	for	two	criDcal	
niche	applicaDons:	coastal	ocean	science	and	snow	
cover	monitoring	

SWIS	CubeSat,	arDst’s	concept	
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Research	and	applica<ons	

	

Coastal	ocean	
spectral	signatures	
mainly	below	900	nm	

Snow	spectral	
signatures		
contain	criDcal	
features	in	
1000-1500	nm	
range	

Snow	at	various	grain	sizes	 Fresh	vs.	dust-laden	snow	 Frozen	vs.	melDng	snow	

Snow	cover:	Spectral	signatures	of	snow	in	various	states	demonstrate	the	uDlity	of	
spectroscopy	in	understanding	energy	transfer	and	hydrology		

Coastal	science:	Complex	spectral	signatures	from	the	coastal	environment	
demonstrate	that	heritage	mulD-spectral	sensors	are	inadequate	

•  High	temporal	variability	makes	consistent	airborne	monitoring	costly	
•  High	spaDal	variability	requires	higher	resoluDon	than	heritage	sensors	

Coral,	algae,	
and	sand	at	
different	water	
depths	

CeraDum	furca	bloom	in	
Monterey	Bay	

Submerged	aquaDc	
vegetaDon	

FloaDng	aquaDc	
vegetaDon	
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Instrument	specifica<ons	

Spectrometer	and	telescope	inside	6U	
CubeSat	frame		

Mouroulis	et	al,	Proc.	SPIE	9222,	(2014)	
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10	cm
grating

slit

double	TIR	
prism

detector	
and	filter

TMA	telescope

Dyson	
spectrometer

SWIS	specifications

Spectral	range 350-1700	nm,	single	
FPA

Spectral sampling 5.7	nm

Cross-track spatial	
elements

600	(+40	monitor)

Cross-track	FOV 10o

Resolution 0.3	mrad

Detector	pixel	size 30	µm

Focal	length 100	mm

F-no 1.8

Uniformity 95%



SWIS:	Global	access	(6	CubeSats)	

ResoluDon	 160m	from	500km	orbit	

Swath	 640	spaDal	elements	

Mission	lifeDme	 ~2	years	(no	propulsion)	

Target	frequency	 Global	daily	coverage	with	6	CubeSats	

ApplicaDon	 Coasts,	snow	cover	

*Global	coverage	at	low	(~1	km)	resoluDon	subject	to	future	data	transmission	
rate	improvements	

To	access	any	point	on	the	
globe	on	a	given	day:	
•  6	CubeSats,	500	km	orbit	
•  10o	Field	of	view	
•  50o	Field	of	regard	with	

poinDng	
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Daily	coverage	with	6	SWIS	CubeSats	

Mission	example:	Global	access	

Sample	targets	of	interest:		
Long	Island	Sound	and	Tuolumne	River	Basin	

Daily	coverage	with	6	SWIS	CubeSats	

Long	Island	Sound	

Ground	Resolu<on:	160m	
97.4°	inclina<on	

Sun-Synchronous	Orbit	in	503	km	al<tude		

Tuolumne	
River	Basin	



Mission	example:	Global	access	
Coverage	of	Tuolumne	River	Basin	(snow)		

and	Long	Island	Sound	(water)	

	

Maximum	number	of	views	per	year	with	50o	FOR	
Over	100	views	obtained	for	both	cases	without	poinDng	(10o	FOV)	

6	CubeSats	at	500km	orbit	
	

•  Episodic	events	can	be	covered	with	beSer	than	daily	frequency	
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Tuolumne	River	Basin	,	
USA																														

Long	Island	Sound,	USA	

Max	#	of	views	per	
year	with	50o	FOR	

Max	#	of	views	per	
year	with	50o	FOR	
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Water	ConsDtuent	2	Water	ConsDtuent	1	 Water	ConsDtuent	3	

Atmospheric	CorrecDon	

Spectral	DeconvoluDon	of	Rw	
(Rw	=	W1*R1	+	W2*R2	+											+	WN*RN)	

(Water-Leaving	Radiance	Signal,	Rw)	

High	SNR	spectra	from	
target	regions	
of	interest	

Repeat	measurements	of	highly	accurate	
spectrometry	and	focused	spa<al	coverage	
from	aqua<c	environments	inverted	for	key	
ecological	aSributes	to	yield	change	rate	and	
high-frequency	variability.	

10	km	

10	km
	

Dl	=	5	nm	

Seasonal	and	interannual	variability	in	aquaDc	photosyntheDc	
communiDes	(phytoplankton,	macrophytes,	and	coral)	as	a	
funcDon	of	environmental	stress	due	to	human	acDviDes	and	
climate	change.		
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SWIS	saDsfies	mission	requirements	
•  High	spectral	resolu8on	for	detecDng	subtle	changes	in	the	spectral	
signature	of	aquaDc	habitats.	

•  High	radiometric	sensi8vity	/	SNR	to	tease	out	subtle	spectral	features	
from	on-orbit	radiance	dominated	by	the	intervening	atmosphere.	

•  Near	IR	spectral	coverage	for	discriminaDng	between	atmospheric	and	
surface	water	signatures.	

•  High	spa8al	resolu8on	to	limit	spectral	mixing	and	resolve	signals	from	
ecologically	important	features.	

• Maneuverability	for	viewing	off-nadir	targets	and	higher	repeat	
coverage	of	key	locaDons.	

•  Calibra8on	using	solar	radiance	and	lunar	views.	
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How	is	phytoplankton	taxonomy	
changing?	

Phytoplankton	Species	

Bricaud	et	al,	2004	

Emerging	spectral	analysis	techniques	can	
detect	subtle	changes	in	phytoplankton	
community	structure	from	hyperspectral	
water	reflectance.	

Science	ObjecDves	

What	is	the	carbon	export	from	benthic	
macrophyte	communi<es?	

Dierssen,	H.	M.		2012.	SPIE,	San	Diego,	CA		

•  Submerged	grass	meadow	detecDon	
demonstrated	from	airborne	measurements	
and	in-situ	verificaDon	

•  Biomass	producDon/export	esDmaDon	



•  The	SWIS	spectrometer	design	can	
simultaneously	map	the	controlling	processes	
of	melt	and	the	response	of	ocean	biology	to	
melt	fluxes	and	nutrient	loading.	

•  Gradients	from	dry	snow,	to	melDng	snow	and	
ice,	to	melt-fed	open	ocean	span	the	most	
cri<cal	zones	of	climate	change-impacted	
regions.	
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Antarc<ca	

Area	of	interest	
over	Anverse	Island	

Single	SpacecraZ	

Sun-Synchronous	Orbit	in	574	km	Al<tude		

Sun	Vector	

Ground	Velocity	=	~7km/s	
Orbit	Period	=	5670	s	

97.7°	inclina<on	

March	20th	2019	

Orbit	simulaDon	for	single	CubeSat	in	sun-synchronous	orbit	at	574km	

Greenland	
Jakobshavn	
Glacier	

AntarcDca	Anverse	
Island	Glacier	

Ground	Resolu<on:	
~190m	

Area	of	interest	
over	Jakobshavn	
Glacier	

Greenland	

Area	of	interest	over	Anverse	Island		

Can	a	single	CubeSat	provide	adequate	coverage	for	
meaningful	science?		
Yes.	In	certain	targeted	regions	of	interest.	

Mission	example:	Targeted	regions	of	interest	
Spectroscopy	of	glacier	melt	and	impact	to	aquaDc	environment	
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Jakobshavn	Glacier	target:	early	April	to	early	September	
Full	target	coverage	~45x	over	6	months	

Anverse	Island	target:	early	October	to	early	March	
Full	target	coverage	~40x	over	6	months		

March		
2020	

Greenland	

Antarc<ca	

April	
2019	
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0	

40	

20	

40	

20	
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Full	target	area	coverage	
by	alternaGng	between	the	
two	adjacent	patches	on	
consecuGve	days	

Full	target:	7x/14	days	

April-September:	sun	elevaGon	>	25°	

Sun	elevaDon	over	1	year	at	Greenland	Jakobshavn	Glacier	target.		

Mission	example:	Targeted	regions	of	interest	
Spectroscopy	of	glacier	melt	and	impact	to	aquaDc	environment	

	



Optomechanical	design	
Dyson Spectrometer and TMA telescope 
fit in 4U of 6U CubeSat 

Grating 

M1 

Dyson Lens 

M3 

M2 

Prism 

Slit 

FPA 
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SWIS	optomechanical	system	(bipods	
and	telescope	housing	hidden)		

Telescope 

Spectrometer 

Bender	et	al,	Proc.	SPIE	9611,	Imaging	Spectrometry	XX	(2015)	



Calibra<on	mechanism	
Diffuser Mount/ 
Bright Cal Shutter 

Drive Pulley 
Dark Cal Pulley 

Bright 
Cal 
Pulley 

Dark Cal Shutter 

Drive Cable 

Holes covered with 
“blanket” 

Diffuser Mount/Bright 
Cal Shutter 

Stepper w/ 
1024:1 Gearhead 

Dark Cal Return Spring 
Bright Cal Return Spring 
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•  Imaging	spectroscopy	requires	stringent	radiometric	
calibraDon	accuracy	

•  Single	drive	mechanism	performs	the	dual	funcDon	of	
posiDoning	the	on-board	calibrator	(OBC)	and	providing	a	
shurer	for	dark	frames.	

•  Solar	calibraDon	achieved	using	a	transmissive	diffuser	
material	(Heraeus	OM-100).		

	

A	Dyneema	drive	cable	operates	in	tension	against	a	return	spring	(leQ),	actuaDng	bright	and	dark	
calibrators.	In	the	solar	calibraDon	posiDon	(center),	the	diffuser	mount	blocks	signal	from	the	telescope.	A	
dark	calibraDon	shurer	rotates	to	a	closed	posiDon	for	darks.	The	mechanism	also	includes	a	launch	latch	
(right)	released	on	first	usage,	and	a	fail-safe.	



Telescope	and	spectrometer	
within	4U	of	6U	CubeSat	

Solar	panels	stowed	
configura<on	

Panels	deployed	
configura<on	
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SpacecraZ	designed	to	fit	within	
a	standard	6U	Canisterized	
Satellite	Dispenser	(current:	
Planetary	Systems	CorporaDon)	

SWIS	6U	CubeSat	configura<on	concept	



Complete	CubeSat	configuraDon	with	6U	
structure,	astude	control	unit,	radio,	power	
electronics,	and	custom	FPA	electronics	

Abtude	Control	-	BCT	XACT		

Star	Tracker	

Sun	Sensor	

S-Band	TransmiSer	
C&DH	Board	

Electric		
Power	System	

Solar	Panels	

SWIS	Instrument	

6U	CubeSat	Structure	

Payload	Electronics	

Radiator	

S-Band	
Patch	Antenna	

GPS	Sensor	

Instrument		
Calibra<on	Slit	

The	current	SWIS	design	has	a	good	feasibility	within	a	flexible	CubeSat	standard.	
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SWIS	6U	CubeSat	configura<on	concept	
Components	idenDfied	and	designed	specifically	to	fit	within	a	standard	6U	satellite	dispenser.	



Status	and	work	to	go	

•  OpDcs	and	optomechanical	parts	
fabricaDon	complete	

•  IniDal	optomechanical	assembly	of	
telescope	and	spectrometer	underway		

•  Teledyne	CHROMA	detector	array	expected	
summer	2016	

•  Complete	optomechanical	system	
assembly	and	alignment	scheduled	for	Fall	
2016	

•  Thermal	vacuum	and	vibraDon	tesDng	
compleDon:	March	2017	

17	

SWIS	CubeSat,	arDst’s	concept	
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DiffracDon	graDng	fabricated	and	tested	

01

2
< 10-4 between 
orders - excellent

Spatial ghosts due 
to e-beam subfield 
stitching << 10-4 -
excellent
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Slit	fabricaDon	
•  Slit	delivered	December	2015	
•  New	fabricaDon	process	for	black	silicon	slit	

–  Removes	“canyon”	and	completely	removes	residual	gold	reflecDvity	

To	spectrometer	

New	process:	Removes	canyon	and	residual	gold	
reflecDvity	

Previous	method:	Gold	on	spectrometer	side	can	
contribute	to	stray	light		

To	spectrometer	

SEM	images	of	SWIS	black	silicon	slit	(#12_14_15_1)	

Angle	30°,	magnificaDon	330x	 Angle	0°,	magnificaDon	1900x	
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Lens/slit	geometry	and	stray	light	test	
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•  Flex	cable	tested	and	delivered	
•  FP	electronics	delivered,	undergoing	evaluaDon	
•  Bare	ROIC	delivered		
•  Detector	material	tested	and	found	to	saDsfy	dark	current	requirements	
•  Thinning	completed	
	
Remaining:	
•  Complete	assembly	and	apply	LVAR	coaDng.	Expected	delivery	July	2016.	

FPA	progress	(Teledyne	Imaging	Sensors)	
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Assembly	started	
Telescope	bench	 Secondary	mount	

Mirror	alignment	GSE	
Temporary	setback	



•  We	present	an	imaging	spectrometer	design	
suitable	for	CubeSat	applicaDons	requiring	high	
throughput	(SNR)		

•  Advances	the	state	of	the	art	in	compact	sensors	of	
this	kind	in	terms	of	size	and	spectral	coverage		

•  InnovaDve	single	drive	performs	dual	mechanism	
funcDon	of	posiDoning	the	on-board	calibrator	
(OBC)	as	well	as	providing	a	shurer	for	dark	frames	

•  Spacecrax	configuraDon	design	favorable	for	
accommodaDon	in	6U	CubeSat	frame	

•  Useful	missions	can	be	designed	with	high	spaDal	
and	temporal	resoluDon	to	address	targeted	areas	
of	the	Earth’s	surface		

•  Progress	consistent	with	project	schedule	and	
milestones	

	
	
	

Summary	

SWIS	CubeSat,	arDst’s	concept	
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