






ESS 421 

January 26, 2011
Laboratory No. 4: Spectroscopy



Due Wednesday, February 2, 2011
Purpose:

The intensity of reflected radiation as a function of wavelength is one of the most common and fundamental remote-sensing measurements made.  In this lab, you will analyze these measurements on a variety of materials to learn about this fundamental quantity, how it is measured, and sources of variation. 
PART I:

Online Spectral Libraries – are an important resource for obtaining spectra of various materials. Listed below are examples of a few such resources:

· ASTER spectral library - 
http://speclib.jpl.nasa.gov/
· USGS spectral library - 
http://speclab.cr.usgs.gov/spectral.lib04/spectral-lib04.html
1) Browse the ASTER spectral library to find the spectra of construction concrete and construction asphalt. 
*You can view and download these files from the ASTER spectral library by following this procedure:

· From the home page select search
· Select which class of materials you are interested in 
· Type in the name of the material you are looking for

· Define the spectral range (X start/stop)

· Hit search
· Find the entry you are looking for and select view plot

· To download a file – select view data file, then under file select save as….
· These data files are usually saved as .txt files.
a) 
Draw a rough sketch of these two spectra between 0.4 & 3 m. 
b)
Which of these materials would you expect to be brighter to your eye? 
c)
Explain why.

For detailed analyses of spectra it is often useful to actually download the data from the spectral libraries.

2) Download the following spectra data files from the ASTER spectral library.  

· Rhyolite (solid) - 
sample#: Rhyolite.H1
(remember to download the file for SOLID) 

· Basalt (solid) - 
sample#: Basalt.H2 
(remember to download the file for SOLID) 

· Limestone (whole rock chips) – sample#: ro350b     (set “max hits to return” field to 500)
       Transfer these 3 data files to a plotting package of your choice (e.g. excel, if you need help opening txt files in Excel  - ask the TA) and plot the three spectra (0.4-3 m) on the same graph. 
(note that the limestone reflectance values are in fractions and the basalt and rhyolite are in % - convert the limestone reflectance values to % and plot them all as % reflectance)

a) 
What are the main spectral features that distinguish each of these rocks from the others? (Attach a printout of your plot with the spectra, and indicate the spectral features you discuss with arrows on the printout) 

b) 
Spectrally resample these spectra to MASTER, ASTER & Landsat 7 spectral bands between 0.4-3 m, and plot the resampled spectra (Attach).  Do you think these rocks could be distinguished with the MASTER spectral resolution?  ASTER spectral resolution and/or Landsat 7 spectral resolution?  Explain you answers and attach a printout of your plots.

Search these websites to find the spectral bands of ASTER, MASTER and Landsat:

ASTER and

LANDSAT TM -
http://gis.ess.washington.edu/keck/lectures_ESS_421/Imaging_Systems.xls 
MASTER -

http://masterweb.jpl.nasa.gov/documents/master.pdf (page 8)

c) 
How would you expect the spectra of each of these rocks to change if the rocks were crushed into powders and then measured again?

PART II:

USING SPECTROMETER DATA:
Reflectance is the intensity of light reflected from a surface or material relative to the intensity of light reflected from a perfectly white Lambertian surface.  The measurement of reflectance is accomplished by a simple standardization method using an inert compound called Halon as a standard.  This compound reflects light diffusely and is 98% reflective across the visible and NIR wavelength region.  Calibrating measurements involves measuring both the intensity of the standard and measuring dark current or the electronic baseline.  Although it is not necessary to calibrate for each measurement, the intensity of the standard and the dark current can change over time.  Therefore, you should calibrate at the beginning of each session on the spectrometer.  
Calibration consists of measuring standard materials with known spectrum, and then calculating the gains and offsets, wavelength by wavelength, necessary to give the measured data the same values as the known Standard spectra.  Since there are two unknown spectrometer coefficients (gains and offsets) it takes two spectra to do the calibration.  Generally, one standard would be dark and the other light.   Imagine that you have two reference materials, A & B, and their true spectra rA() and rB().  You measure their uncalibrated spectra, DNA() and DNB()..  The calibration equation is something like:

r() =a()·DN + b()

Since you know rA(), rB(), DNA(), & DNB(), you can find a() & b() with:
rA() – rB()  = a() DNA() - a()DNB();
a() = (rA()-rBA())/DNA()-DNB())
b() = rA() - (rA()-rBA())/DNA()-DNB())DNA()
Download the spectra for a green leaf, a dry leaf, and a dollar bill from the course website (spectra.xls) – this includes 3 separate measurements of the same green leaf.  Transfer all spectral data to a plotting package of your choice (e.g. Excel).  Use your plotting software to explore the data and perform analysis to address the questions below.  Include full spectral plots of all of measurements taken.

3)
Evaluate the repeatability of the spectra for which multiple measurements were taken (fresh green leaves).  If the sample doesn’t change, any variability in repeat spectra must represent instrument instability of one sort or another.  With many samples (spectra), the standard deviation is a conventional measure of this precision.  With only a few (three) spectra, it is not so accurate, but we can use it as an approximation.  Below, explore this idea by calculating the standard deviation (STDEV) for the three green leaf spectra and making a plot or spectrum of the variation with wavelength.
a) Estimate the precision of the spectrometer, for example at 1000 nm (1 micrometer).
b) What do you notice about the variation with wavelength? 

c) What factors may account for the observed variations?

4)
Plot the spectra of the fresh green leaf dry leaf and the dollar bill on the same plot (attach plot).
a)
What are the major spectral differences between the live and dead leaves?  
b) 
What is the source of these variations? 

c)
How is the dollar bill spectrally different from the green leaf?
5) 
Imagine that you have been chosen to design a new satellite that has to enable us to map and distinguish between earth surfaces covered by live green leaves, dry senescent leaves and dollar bills, using spectral data.  The spectral range you can use is 0.4-2.5  m. You are allowed only 3 spectral bands at which the satellite will be able to make its measurements - each is to be 30 nm (i.e. 0.03 m) wide. 

a) 
At what wavelengths do you think these bands should be placed? Take into account that the satellite has to work over tropical areas as well i.e., using the MODTRAN atmospheric transmissivity spectrum to find the atmospheric windows that will allow you to detect reflected radiation for the surface.  (See Lab 3 for MODTRAN). 

b)
Explain your answer in detail – accompanied by spectra of the three materials. 
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