
Dispersion Elements: Transmission Filters 



Dispersion Elements: Dichroic Mirrors 



Dispersion Elements:  
Prisms and Diffraction Gratings 



Real Spectrometers Might Use All 3! 

VNIR	(Si)	 IR	(HgCdTe)	

• 	Each	detector	640x480	pixels	
• 	IR	ac@vely	cooled	(~120	K),	VNIR	kept	at	~213	K	

Murchie	et	al.	(2007)	

3)	“Order	sor@ng”	filters	

1)	

2)	

2)	



Imaging Spectrometers 



Let’s	start	with	how	humans	sense	color:	
	
	

	Cone-shaped	cells	within	the	eye	absorb	light	 		
	in	3	wavelength	ranges	–	RGB	

	
	They	send	signals	to	the	brain	propor@onal		
	to	how	much	light	is	absorbed	

	
	The	brain	turns	these	signals	into	the	
	sensa@on	of	color	

	
	Color	has	three	aXributes	–		
	hue,	satura@on,	and	intensity	or	lightness	

	
	
	
	
	
color	(percep4on)	is	related	to	radiance	(physical	flux)	

Sec@on	of	the	eye	

What if  you can only sense/display a few bands? 



DAY	
Bright	light	

NIGHT	
Dim	light	 Rods	are	more	sensi9ve	than	cones	

	
In	bright	light,	the	three	sets	of	cones	send	strong	signals	to	the	
brain	that	drown	out	the	signal	from	the	rods.	The	signals	are	
interpreted	as	the	sensa@on	of		color	
	
In	dim	light,	the	signal	from	the	single	set	of	rods	is	dominant.		It	is	
interpreted	as	the	sensa@on	of	black/white	(gray)	



Addi9ve	Color	



Addi9ve	Color	

Blue	 Green	 Red	 Blue	 Green	 Red	

+	

Blue	 Green	 Red	

=	

Blue	 Green	 Red	



We	can	describe	color	in	different	data	“spaces”, e.g.:	
	
*Perceptual	data	space	

	–	how	we	sense	color	intui@vely	(Hue,	satura@on,	intensity)	
	
*Radiance	data	space	

	–	how	the	color	s@mulus	is	described	by	the	measured	image	data	



HUE	

SATURATION	

INTENSITY	(LIGHTNESS)	

1)	A	simple	perceptual	
color	space	(HSI)	



2)	RGB	radiance	space	
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r=R/(R+G+B)	
g=G/(R+G+B)	
b=B/(R+G+B)	



McEwen	et	al.	(JGR,	2007)	

1)	Use	filters	sequen@ally	via	spacecrag	mo@on	or	filter	wheel	



2)	Use	filters	
simultaneously	

“Bayer	paXern”	



Bayer	paXern	user:	Curiosity’s	Mars	Hand	Lens	
Imager	(MAHLI)	



Curiosity’s	Mastcam:	Bayer	paXern	and	filter	wheel	





ASTER	on	board	Terra:	
closely	spaced	SWIR	filters	to	discriminate	OH-bearing	

minerals	



Diffraction gratings 

e.g., CDs and DVDs 
 

(Also AVIRIS, PSR-3500, 
most planetary reflectance spectrometers) 



Diffraction gratings 

Constructive interference where: 
sinθ = m*λ / d 

 
(If  d > λ) 



Single-slit diffraction 

1.22	*	λ	/	d	





VNIR	(Si)	 IR	(HgCdTe)	

Murchie	et	al.	(JGR,	2007)	

Grating, plus “order-sorting filters” on detector 


