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Unlike anything that humans have 
engineered, the mantis shrimp can 

independently direct two optical sys-
tems in two different directions, detect 
targets, then scan the targets to gather 
spectral information. It can also simul-
taneously measure four linear and two 
circular polarization components as well 
as monocular range to the target.

Multispectral imaging systems 
Multispectral imaging systems use a lim-
ited number of spectral bands defined by 
an optical filter assembly. The filters are 
arranged like the fingers on your hand 
and are tuned to specific wavelengths. 
The choice of optical filters depends on 
the objects that are under investigation. 
Other filters are used for atmospheric 
correction, to indicate cloud cover, cloud 
height and atmospheric water vapor 
concentration; others have been used for 
atmospheric light scattering correction.

A space-based remote sensing sys-
tem images the Earth or ocean onto a 
two-dimensional detector array. As the 
instrument is translated, each element 
in the scene passes across the opti-
cal filter assembly, in proximity to the 

detector array, gathering spectral data. 
The detector arrays that are often used 
are silicon or high-temperature mercury 
cadmium telluride (HgCdTe), to cover 
the visible and near-infrared range. In 
red and near-IR (NIR) regions, indium 
gallium arsenide might be is used; in 
the mid-wave IR (MWIR) and long-
wave IR (LWIR), HgCdTe detectors are 
a good choice.

The uniqueness of the NASA 
LANDSAT radiometric multispectral 
filter assembly comes about from many 
factors. These include the precision 
cutting and bonding of the individual 
filters, coplanarity of the filters, thickness 
tolerances of each filter, tolerances on 
the filter’s central wavelengths, spectral 
bandwidths, sharpness of the cut-on 
and cut-off slopes, out-of-band block-
ing, low scattering and elimination of 
spectral crosstalk. In a push-broom 
optical configuration, a two-dimensional 
detector array is orientated with its long 
axis in the cross-track direction—in 
other words, orthogonal to the direction 
of travel of the instrument. Each detector 
pixel in this cross-track defines a spatial 
element in the scene.
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Optical configuration of a  
pushbroom multispectral scanner[                                      ]

The mantis shrimp is a marvel of nature that represents 
a truly multispectral scanning system. 
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While many LANDSAT “radiomet-
ric” multispectral filters have sharp cut-
on and cut-offs, with little or no spectral 
overlap, there may be other applications 
where it is necessary to distinguish subtle 
color differences. For example, low color 
contrast environments or camouflage 
surroundings may be better served with 
more spectral bands with filters that have 
substantial spectral overlap.

Nature’s multispectral imager 
The mantis shrimp (Odontodactylus 
scyllarus) has a scanning imaging multi-
spectral optical system that is unique 
and that inspires biomimicking. Two 
apposition compound eyes are mounted 
on mobile stalks that are independent of 
one another. The eye movements involve 
rapid sequencing or redirection for target-
ing prey (i.e., saccadic movement) after 
which they stabilize the image and slowly 
track the object. Of special interest is 
its biological image processing, which is 
often overlooked. In the mantis shrimp, 
the upper and lower hemispheres are 
devoted to motion and shape detection. 
The scanned, central band is for color 
detection, ranging and revealing linear 
and circular polarization. Each eye can 
target a different part of its visual field, 
and all of this is done in real time.

The mantis shrimp eye has a band of 
six ommatidia (components of compound 
eyes that contain photoreceptors) that 
separate the upper and lower hemispheres 
of the eye. Rows one through four in the 
midband are for color vision. Each of the 
four photoreceptor bands has three dif-
ferent visual photo pigments. Combined 
with carotenoid compound color layers to 
tune and shape the spectral bands, eight 
visible bands (400 to 750 nm), along with 
four ultraviolet (UV) ones, create 12, 
almost equally spaced 40-nm wide bands. 
To capture color, the midband must be 
scanned at roughly 40° per second to 
allow for the effective transfer of informa-
tion. Covering the spectrum from 310 to 
710 nm, O. scyllarus is a true multispectral 
scanning system that is able to distinguish 
subtle color differences.

Rows 5 and 6 of the midband are 
for detecting left-hand and right-hand 

circularly polarized light. Sensitivity to 
this type of light depends on having a 
good quarter-wave plate of the correct 

thickness. Manmade quarter-wave plates 
have refractive indices that depend on 
the wavelength of incident light. Thus, 
they are good for only a very limited spec-
tral band. The mantis shrimp is, however, 
sensitive to circularly polarized light over 
the entire visible spectrum, thereby com-
pletely outperforming manmade systems 
components. Its ability to detect and 
analyze the scene for the polarization 
components enhances the contrast in a 
liquid environment, as any microscopist 
knows, in attempting to image living 
cells in a liquid.

None of the instruments 
that have been designed 
to date have as many 
superior features as 
some of nature’s own 
multispectral imagers. 

[ LANDSAT multispectral optical filters ]

[ Mantis shrimp (O. scyllarus) ]
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The upper and lower hemispheres of 
the eye have only two visual pigments. 
These eye regions are likely responsible 
for the panchromatic sense of these 
marine crustaceans. In some species, 
they may also mediate linear polarization 
sense. Overlapping by as much as 20° to 

30°, the two hemispheres may help with 
motion detection and the monocular 
judgment of distance. In order for the 
upper and lower hemispheres to func-
tion effectively during detection, the eye 
must be stabilized. To gather spectral 
and polarization information, the center 

band must be scanned. The paradoxical 
situation of stabilizing the upper and 
lower hemispheres and scanning the 
midband is solved by time sharing these 
functions of the eye.

The WorldView-2 multispectral 
imager built by DigitalGlobe and Ball 

[ Spectral sensitivity of O. scyllarus R1-R7 cells ] [ Color bands of WorldView-2 ]
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Aerospace is a spectral imager that comes 
close to mimicking the mantis shrimp 
spectrally. In this instance, the bands 
are not spectrally isolated, as are the 
radiometric bands of other multispectral 
instruments; rather, they have some over-
lap. This should result 
in improved hue dis-
crimination. Launched 
on 9 October 2009, 
this seven-color band 
instrument also has a 
panchromatic band. 
The two graphs show 
the normalized spectral 
transmissions for the 
mantis shrimp and six WorldView 
“color” bands. The spectral axes of the 
two curves have been aligned at 350 and 
650 nm for comparison. Both O. scyl-
larus and WorldView-2 have several color 
bands that come close to corresponding; 
both have some spectral overlap of the 

bands, and both have a panchromatic 
band (not shown for the mantis shrimp).

In summary, the linear scanning 
capability of the mantis shrimp eye is 
analogous to the multispectral scanners 
designed by humans, but the mantis 

shrimp can do much 
more. It is capable 
of monocular range 
finding, and it has the 
ability to detect linear 
polarization and both-
handedness of circular 
polarization—both of 
which are advantages 
in low-contrast condi-

tions. When it comes to the sophisticated 
engineering of multispectral systems, 
nature appears to have the upper hand 
over us. t
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The WorldView-2 is a 
multispectral imager 
that is spectrally close 
to the optical system 
of the mantis shrimp. 


