
Basic Instrument Parameters 

n Radiometric	
n Signal	to	Noise	Ra2o	(SNR)	
n Dynamic	Range	
n Linearity	

	



Signal to Noise Ratio 



Linearity 

DN = (Radiance)*Gain + Offset 



Digital	Images	

CCD	
Ø  	silicon	wafer		
Ø  	solid-state	electronic	component	 		
Ø  	array	of	individual	light-sensi2ve	cells	
Ø  	each	=	picture	element	(“pixel”)		
	
	

Each	CCD	cell	converts	light	energy	into	electrons.			
	
A	digital	number	(“DN”)	is	assigned	to	each	pixel	
based	on	the	magnitude	of	the	electrical	charge.			

A	Charged	Couple	Device	replaces	the	photographic	film.	

In	the	case	of	digital	cameras:		Each	
pixel	on	the	image	sensor	has	red,	
green,	and		blue	filters	intermingled	
across	the	cells	in	pa:erns	designed	to	
yield	sharper	images	and	truer	colors.	
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Digital	images	

Each	pixel	is	assigned	a	DN	
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First image from Mars (Mariner 4) 



First image from Mars (Mariner 4) 



High contrast 

Resolution, contrast & ‘noise’ affect detectability 

Low	contrast	&	blurred	

Low	signal/noise	



Recognition of shape is affected by resolving power 



Indicates	posi=on	of	sun	rela=ve	to	center	of	picture	

Ligh0ng,		
viewing	geometry,	
&	resolu0on	



Absence	of	
contextual	
clues	permits	
ambiguity	

Hill?	
Or	hollow?	

?	

?	



Expand	the	FOV	for	more	contextual	clues	



Familiar	scenes		
are	interpreted		
more	easily	



“Illuminated”	DEM	

grayscale	image	

Albedo	varia2ons,	shape	&	ligh2ng	
both	contribute	to	B/W	images	



Voyager Imaging Science Subsystem 
“Vidicon”	video	camera	tube	with	selenium-sulfur	photoconductor	detector	



CCDs	have	many	advantages	

•  High	QE	=	frac2on	of	
incoming	photons	that	
are	actually	detected	

	
•  Broad	spectral	response	



CCDs:	A	Nobel-worthy	innova2on	



CCDs:	rows	of	buckets	on	conveyor	belts	



CCDs:	rows	of	buckets	on	conveyor	belts	

•  Each	“bucket”	is	a	pixel	
•  They	are	actually	(in	simple	CCDs)	directly	adjacent	to	each	other	(no	space	between)	
•  Buckets	are	sta2onary	during	image	integra2on,	then	transfer	occurs	along	rows	
•  Aber	each	pixel-width	transfer,	the	output	shib	register	must	empty,	one	row	at	a	2me	



CCDs:	what’s	really	going	on	

•  Every	photon	~300-1100	nm	has	1	to	a	few	2mes	silicon’s	bandgap	energy;	
absorp2on	causes	an	electron	to	move	from	valence	to	conduc2on	band	
è	photoelectric	effect	

•  Freed	electrons	collected	in	“gate”	structures	(specifically,	in	1	of	3	per	pixel)	

•  Aber	imaging,	gate	voltages	are	varied	to	shib	electrons	in	controlled	manner	

•  Charge	transfer	efficiency	(CTE)	per	pixel	>99.9995%!	





CCDs:	what’s	really	going	on	

•  Each	pixel’s	accumulated	charge	must	eventually	pass	through	amplifier	and	
A/D	converter	(converts	voltages	to	DNs)	



Image	of	an	actual	CCD	
Low	light	level	CCD	(L3CCD)	has	extended	gain	register	



Case	study:	Mars	Reconnaissance	Orbiter	HiRISE	



Case	study:	Mars	Reconnaissance	Orbiter	HiRISE	

Ground	sampling	slightly	finer	than	true	resolu2on	

McEwen	et	al.	(2007,	JGR)	



Case	study:	Mars	Reconnaissance	Orbiter	HiRISE	

Not	a	single	20,000-pixel	detector!	(for	which	readout	would	take	forever);	
20	separate	output	registers	(2	per	CCD)	across	the	array	



Case	study:	Mars	Reconnaissance	Orbiter	HiRISE	

12	μm-wide	pixels	for	HiRISE;	
	

can	be	as	small	as	2	μm	when	compactness/resolu2on	are	key	
	

BUT	capacity	scales	with	(width)2,	so	e.g.	Kepler	has	27	μm	pixels	to	
maximize	dynamic	range	(full	well	capacity	~106	electrons)	


