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Hyperspectral Imaging What is it? How does it
work?

Saturday, 01 March 2014

Hyperspectral imaging has grown increasingly popular over the past ten years in military, industrial, and scientific
arenas. The ability to precisely characterize the color of a viewed item, whether a camouflaged vehicle, a bruise
on an arm or on fruit, or a wide swath of vegetation, allows the user to make informed decisions only dreamed of
m the past. What once required large, delicate, and expensive laboratory spectrometers is now being done in real
time aboard satellites, unmanned aerial vehicles, and portable handheld units.

Background and Progress

Hyperspectral imaging is the capturing and processing of an

image at a very large number of wavelengths. Whereas Figure 1. Hyperspectral mineral data for
multispectral imaging might evaluate an image in three or four Afghanistan from Kokaly et.al. 1

colors (red, green, blue and near-infrared (NIR), for example),

hyperspectral imaging breaks the image down mto tens or
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hundreds of colors.

Expanding a vision system to create many more “bins” can be
exceptionally complicated. In 1999, Deposition Sciences, Inc.
(DSI) was contracted to coat a series of 16 beamsplitters.
These beamsplitters were configured in four primary optical
chains, each with four secondary chains, resulting in sixteen
discrete optical paths, each terminating at a separate detector.
The end result was a sixteen-channel spectral imaging system
covering a wavelength range from 400 - 900 nm. Each optical
element had to maintain a transmittance and reflectance of
greater than 98% to ensure a final signal level at the detectors
ofat least 90%. While this system worked as designed, it was large, expensive, and delicate. It was suitable for
the benchtop demonstration required, but not for many of the in-field applications needed by today’s sensor
systems.

Compare that system with the hyperspectral data collected by the USGS in Afghanistan in 20071 Using an
airborne HyMap system from HyVista Corporation (http//www.hyvista.com), the USG Survey generated

detailed maps of the surface mineral distribution across approximately 440,000 km? (172,000 mi2). Thirty-one
different classes of materials were identified and mapped in this survey. A subset of the results is shown in Figure
1. These data were collected over a series of 28 flights, using four different modules in one instrument to cover a
spectral range 0f 0.43 to 2.48 microns. Images were processed over 128 color bands, each 14-20 nm wide.
Full details of the survey, including a discussion of the methodology, can be found at the USGS website

http:/afghanistan.cr.usgs.gov/hyperspectral-maps.

Enabling Technologies

There are two broadly defined areas of technology which have enabled the development and advancement of
hyperspectral imaging. They are the development of mnexpensive, high quality diffraction gratings and the
advancements in multiple dimension data processing. In order to see how these technologies have improved the
state of hyperspectral imaging, it is necessary to take a brief look at how most current systems operate. Note
that this is a general discussion. Most of the companies offering instruments or services have unique, proprietary
approaches that distinguish one from the other. We will only look at a simplified system that identifies some of the
key features. Such a simplified system is shown in Figure 2.

Most hyperspectral imaging systems consist of imaging optics, a narrow slit, a diffraction grating, and a 2-
dimensional focal plane array (FPA) detector (usually CCD or CMOS). The mmage is projected through the slit
onto the diffraction grating where the light is split into discrete wavelengths and physically separated before being
projected onto the focal plane array. One dimension of the FPA corresponds to the wavelength of light, as
separated by the diffraction grating. The other dimension corresponds to the “vertical” position along the slit.

At each X-Y coordinate, a pixel is energized to some level, based on the intensity of the light at that position and
wavelength. What results is a 3-dimensional array (position on slit, wavelength and intensity) for each narrow slit
width. By indexing the slit width, one can map the entire image into a 4-dimensional array. This indexing (called
“pushbrooming”) can be done by moving the slit, or by moving the sensor device. In the case of the USGS
survey of Afghanistan, cited above, each slit width corresponded to a single flight line, or pass of the airplane.
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Determining how much overlap to use, as well as what known standards or features to use for calibration, is
critical in getting reliable data.

Ul i By larn

What makes this process work is the high quality, lightweight, I i
and affordable diffraction grating. Diffraction gratings have il N
been used in various spectrometric devices for hundreds of _ ! N
years. Historically, they were precision-blazed on high quality - -

glass. They were fragile and expensive. Most of the 5

hyperspectral imaging systems today use high-quality polymer N

gratings cast from a precision-machined master. They are

more durable, cheaper and consistent from mstrument to |
nstrument. One limitation of diffraction gratings is that in \
general, they are restricted to a single order, meaning they are . u..
effective for a limited wavelength range (typically on the order
0f200 - 800 nm, somewhat larger in the IR bands). If you
wish to collect data over a wider spectral range, this often
means you must use multiple modules, as the USGS did
above.

Figure 2. Schematic of a general hyperspectral
measurement system from Norak Electro Optik.2

The second piece of the hyperspectral imaging puzzle is the vast improvement in high-speed computer data
analysis. Virtually every system vendor has a readymade software package that ties in GPS coordinates,
mterleaves the pushbroom data (properly accounting for the overlap), automatically checks against known
features and is able to operate at cycles in excess of 500 frames per second (fps). This capability is absolutely
crucial for making the jump from processing a single line of data to processing an entire composite im age. The
USGS work cited above produced over 800 million pixels of data.

Current State of the Art

Many vendors surveyed for this article produce systems with at least 100 bands for the spectral range, with full
width at half maximum (FWHM) bandwidths on the order of 1 - 5 nm. Frame capture rates run from 100 - 600
fps. Of course actual performance is highly dependent on the system configuration parameters such as the
characteristics of the diffraction grating, the field of view, and the type of sensor used. IR sensors generally must
be cooled, adding to the size and weight of the device.

Applications must be carefully considered when selecting a - i
hyperspectral imaging system. In many cases, choosing the =l {’ )
highest resolution is not the best option, if it limits the range of i o i | | _ | |
spectral data or the signal quality. As stated above, diffraction ¥ a : | | I+l |
gratings have limitations based upon the physics of their §1| J [ \/ ) _,'{ _

ke w ™ s L 1]
Wernsngib jrm |

operation. High resolution gratings tend to have a more limited
bandwidth. If your application calls for processing 10 or 20
specific bands over a wide spectral range, consider using thin
film filters which, in many cases, can be deposited directly on
the active sensor device. These filters can be tuned to the
exact center wavelength and bandwidth required for your Figure 3. Example ofa 4-color patterned filter

application. An example of these thin film patterned filters is  deposited onto a 200 mm wafer. Each element,
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shown in Figure 3. consisting of 4 filters, is diced and mounted onto a

detector set. (Photo courtesy of Deposition
In fifteen short years, the industry has made great strides in -~ Sciences, Inc.)

hyperspectral imaging. Areas such as agriculture, natural

resource and the biological sciences have led the way. Law enforcement, acrospace, and defense can tap into
this reservoir of knowledge to define and acquire hyperspectral imaging systems virtually off the shelf. In addition
to the resources cited in this article, the Hyperspectral Imaging Foundation
(http//hyperspectralimagingfoundation. org), founded in 2012, is an excellent repository of information and
platform for discussion.

This article was written by Kevin P. Gibbons, Program Manager, Government Products Group,
Deposition Sciences, Inc. (DSI®) (Santa Rosa, CA). For more information, contact Mr. Gibbons at
gibbonskp(@depsci.com or visit http.//info.hotims.com/49743-201.

References

1. Kokaly, R.F., King, T.V.V., Hoefen, T.M.,
Dudek, K.B., and Livo, K.E., 2011, Surface
materials map of Afghanistan: carbonates,
phyllosilicates, sulfates, altered minerals, and
other materials: U.S. Geological Survey
Scientific Investigations Map 3152—A, one
sheet, scale 1:1,100,000. Also available at
http//pubs.usgs.gov/sim/3152/A/

2. Norak Electro Optik, Solheimsveien 62A, N-
1473 Lorenskog, Norway; http//www.hyspex.no

http://mwww.techbriefs.com/component/content/article/27-ntb/features/application-briefs/19507 5/8



7/18/2014 Hyperspectral Imaging What is it? How does it work? - Nasa Tech Briefs

0 Comments 0

ol
Be the first to comment.
ALSO ON TECH BRIEFS WHATS THIS?
Can Robots Be Emotional Companions? Will "Sentiment Mapping” Improve
. Transportation ...
% — That wont be good .
L8 for humans.... — If the transport operators act on

am. the user sentiment .. Oh never mind!

NASA Tests Alternative Jet Engine Fuels Will Robots Make Good Caregivers?

' — 40 to 60 percent — Although the concept seems to be
ties reduction in emissions is encouraging. ... @& a good intension, | would consider ...

= D)

back to top

Spheres & Spherical Lenses
o The task in selecting tolerances is to minimize cost while ensuring good optical
G performance. Learn More

Military & Aerospace Computers
Rugged Embedded Computers for harsh environments and extreme temperature conditions Learn More

http://mwww.techbriefs.com/component/content/article/27-ntb/features/application-briefs/19507 6/8



7/18/2014 Hyperspectral Imaging What is it? How does it work? - Nasa Tech Briefs

GUARD-F1: Industrial Firewall & Router
Rugged and Compact Gigabit Firewall / Router for the extreme environment Learn More

Technology Leaders
Bringing you engineering solutions from the industries leaders Learn More

Digital Edition

Click on thumbnail to view Magazine.

Newsletter

Subscribe today to receive the INSIDER, a FREE e-mail new sletter from NASA Tech Briefs featuring exclusive preview s of upcoming
articles, late breaking NASA and industry new s, hot products and design ideas, links to online resources, and much more.

Sign up now >>

TRENDING THIS MONTH

'Sensing Skin' Detects Damage in Concrete Structures
Scientists Demonstrate Data Teleportation for Secure Communications

New Battery is Cheap, Clean, Rechargeable, and Organic

Nanotube Forests Capture Water from Arid Air

Simulations Make Additive Manufacturing More Efficient

http://www.techbriefs.com/component/content/article/27-ntb/features/application-briefs/19507

7/8



7/18/2014 Hyperspectral Imaging What is it? How does it work? - Nasa Tech Briefs

Powered by  AddThis

publications:

e Aerospace & Defense Technology
e Medical Design Briefs

¢ Lighting Technology

e Legal
e About

e (Contact

e Advertise

e Subscribe

e Feedback

* Privacy

e Advertiser Links

TECH BRIEFS
MEDILA GROURP

© 2009-2014  an SAE International Company

http://mwww.techbriefs.com/component/content/article/27-ntb/features/application-briefs/19507 8/8



