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Traditional	Fire	Detection	from	Above	
•  Smoke,	by	day	

–  Strong	signature	at	visible	wavelengths	
–  daytime	only	
–  simple	silicon	CCD	or	CMOS	sensors	work	great:		

•  lightweight,	low	power,	cheap,	shovel-ready	
•  sensitive:	work	at	the	quantum	limit	

–  but	easily	hindered	by	clouds	
•  Heat,	by	night	

–  Strong	signature	in	the	infrared	
–  Daytime	suffers	only	slightly	from	sunlight	
–  Works	24/7	with	less	trouble	from	clouds	
–  but	sensors	are	more	difficult	

•  microbolometer	arrays	are	cheap,	lightweight,	but	not	sensitive	
•  HgCdTe	diode	arrays	are	sensitive	but	need	significant	cooling	
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recent	work	by	WIFIRE	team	
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Atmospheric	Transmission	vs	Wavelength	
http://www.fao.org/docrep/003/t0355e/t035		
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Designing	a	Heat-Sensing	Mission:			
Start	with	the	Requirements...	

10	CubeSats	are	mostly	Low	Earth	Orbit	



...continue	with	the	payload	definition...	
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...and	estimate	the	mission	performance.			Here,	SNR:	

CubeSat	with	a	cooled	HgCdTe	
sensor:	good	SNR	per	visit	

CubeSat	with	an	uncooled	microbolometer	
sensor:	no	good	for	megawatt	fires	
but	OK	for	100	MW	fires	 12	

Very	useful	plate	scale:	10	meters	per	pixel	



GOES-R	is	no	longer	“future!”	
GOES-16	(E)	launched	19	Nov	2016	
GOES-17	(W)	launched	1	March	2018	
Both	have	ABI’s	with	3.9um	band.	
Both	have	24h	available	coverage	

Usual	CubeSat	orbit	inclinations	are	28°	to	52°.	
Usual	orbit	period	is	90	minutes.	
24h	offers	3	to	5	successive	orbits	viewing	California,	
followed	by	10	to	12	orbits	too	far	south	for	California.	
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Useful	Fire	Detection	with	CubeSats?	
•  Decision:	Smoke	or	Heat	or	Both?	
•  Decision:	Day	or	Night	or	Both?	
•  Decision:	Visible	or	NIR	or	TIR	or	Combo?	
•  Decision:	low-tech	or	cooled	sensor?	
•  Big	Task:	the	“Urgency	Estimation”	or	prioritization	
•  Big	Task:	Validation	for	false	alarm	rate	
•  Big	Task:	integrating	with	existing	fire	data	base	systems	

–  https://earthdata.nasa.gov/earth-observation-data/near-real-time/firms	
–  https://www.nifc.gov/	
–  https://www.fs.fed.us/eng/rsac/	
–  https://www.nesdis.noaa.gov/site-map	
–  https://wifire.ucsd.edu/	

•  Starting	point:	understanding	previous	small	fire	mission	concepts	and	flights	
–  	FIRESAT	(1996,	USA	+	NASA)	
–  FUEGOSAT	(2002,	ESA)	
–  BIRD	(2004,	Germany	+	ESA)	

•  Then:	understand	strengths	&	weaknesses	of	the	many	current	spaceborne	fire	detection	systems	
–  https://www.nasa.gov/feature/goddard/2018/nasa-covers-wildfires-from-many-sources	

--				AQUA/AIRS;	MODIS;	TERRA/ASTER	*	TERRA/MISIR;	NPP/VIIRS;	CALIPSO;	MSG;	GRACE;	GPM;	SMAP;	Sentinel;	MOPITT	
---				International	Space	Station		(400km	altitude,	52	deg	inclination)	with	its	many	Earth	observing	systems	

•  CubeSat	Benefits:	Student	participation;	Good	Ground	Resolution,	Rapid	turnaround;	Technology	Testbed	
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CubeSat	Facts	
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CubeSat	Community	
https://en.wikipedia.org/wiki/List_of_CubeSats	

•  NASA	Mission	Directorate	supports	development	through	its	Centers	
–  http://www.nasa.gov/smallsats/	

•  CubeSat	Developers	Workshops		CalPoly	
–  http://www.cubesat.org/workshop-information/	
–  held	in	April:	2015,	2016,	2017,	2018,	upcoming	2019	

•  European	Nanosatellite	Database	
–  https://www.nanosats.eu/	
–  2200	missions	listed	each	with	short	description,	sponsor,	participants,	links	
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CubeSat	Orbit	Considerations	
•  Low	orbits,	<400km,	re-enter	quickly	from	atmospheric	drag	
•  High	orbits,	>600km,	suffer	Van	Allen	Radiation	Belt	damage	

–  Garbage	Removal	is	an	Internationally	Regulated	Issue	
•  Low	inclination	orbits,	<	40deg,	fail	to	cover	California	
•  ISS	is	at	400km,	52	degrees	

Oltrogge	&	Leveque	“An	Evaluation	of	CubeSat	Orbital	Decay”	25th	Annual	AIAA/USU	SSC11-VII-2	(2011)			 17	



CubeSat	Campuses	and	Industry:	
	Partners,	Vendors,	Component	&	System	Suppliers	

•  Uplink,	downlink,	antennas,	ground	stations	
•  Onboard	solar	power,	batteries,	thermal	control	
•  Attitude	control:	gyros,	reaction	wheels,	mag	torquers	
•  Cameras,	image	processors	and	compressors	
•  Hardware,	software,	integration	&	test	plan	and	execution		
•  Roster	of	suppliers:		http://www.cubesat.org/new-index/	
•  Right	here	in	the	Bay	Area:	

–  Planet:		https://www.planet.com/company/		
–  Capella:	https://www.capellaspace.com/	
–  CINEMA:	UC	Berkeley	Space	Sciences	Lab	
–  STAC	(Berkeley	students):		https://stac.berkeley.edu/home/	
–  Stanford:	https://stanfordssi.org/teams/satellites	
–  Irvine	Public	School	System:		https://ipsf.net/what-we-do/irvine-cubesat/	
–  UCLA	“ELFIN”:		https://elfin.igpp.ucla.edu/	
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