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OUTLINE 

•  Spectroscopy – Ultra-spectral, hyperspectral, multispectral, spectral 
resolution & sampling spacing, spectral smoothing 

•  Spectrum-matching techniques for wavelength and spectral resolution 
calibrations 

•  Solar spectral irradiance curve problems 

•  Finally, a brief summary 



The Spectra Were Measured by Dr. John H. Shaw at Oxford University 
During World War II in 1940s. Unfortunately,  

Valley (1965)  Handbook of Geophysics was cited the most. 



Ultra-Spectrum – having sufficiently high spectral resolution to resolve individual  
vibration-rotational gas absorption lines.  



Imaging Spectrometry Concept          A Sample Spectrum	

Radiances above 1 µm are very small over 
water surfaces. Atmospheric absorption and  
scattering effects need to beremoved in order  
to recover the water leaving reflectance  
spectra. 

(Gas absorption bands are resolved, not 
the individual vibrational-rotational lines.) 

(Hyperspectrum) 



The discrete MODIS ocean channels missed 
several peaks in the HICO reflectance spectrum. 
Therefore, MODIS cannot fully characterize the 
shapes of the spectra acquired over the complex 
Case 2 waters. 

MODIS Ocean Channels 

A HICO Spectrum  

Illustration of Differences Between Hyperspectral & Multi-spectral Data !
Using HICO and the Multi-channel MODIS Bands!



Spectral Resolution & Sampling Interval 

•  Suppose that a narrow absorption feature needs to be resolved with a 
spectrometer at a resolution of R, the proper data sampling spacing, S, 
should satisfy the relationship (Nyquist Sampling): 
        S <= ½ R 
 If S > ½ R, the absorption feature is not properly sampled, and we loss information 
about the narrow feature (“aliasing” in Fourier Transform Spectrosopy (FTS)). 

•  In the case of AVIRIS_Classic, 224 bands, spectral resolution = 10 nm, 
sampling spacing also = 10 nm, under-sampled. The new AVIRIS_NG is a 
properly sampled instrument having over 400 bands to cover the 0.38 – 2.5 
micron spectral range. 

•  For the PACE OCI spectrometer, if the spectral resolution is 5 nm, the 
sampling spacing should, in principle, be 2.5 nm. 



Under-Sampled Simulated Spectra at 5 nm spectral resolution and 
5 nm sampling spacing near the 0.76 micron O2 band region  

(Gao & Davis, SPIE, 1997) 

If the spectra were originally sampled at 2.5 nm spacing, we can properly re-
sample the data to any wavelength grids using a gaussian interpolation procedure. 



Spectral Smoothing (SG Smoothing) 

The well-known SG Smoothing does not preserve center positions and widths after 
smoothing. For grating spectrometer data, Gaussian smoothing filter is more  
appropriate to use because the instrument response function is very close to  
a Gaussian curve. 



SPECTRUM-MATCHING TECHNIQUE 

Sample Fitting of 1988 
AVIRIS Spectra 

Ratio of Two Spectra with a Wavelength Shift 

Spikes appear near the centers of atmospheric gas absorption bands 



Fitting O2 Band for the Estimation of Hyperion Band 41 Center Position in the 
cross track direction 

EO-1 Hyperion Wavelength Calibration 



Comparison between solar lines in an early PRISM 
data set and in a MODTRAN solar curve 

The PRISM wavelength file was soon refined to remove the  
wavelength shift problem. 

Solar lines useful for wavelength calibrations 

PRISM 



Fitting spectrum over green vegetation area 
with and without including liquid water 



Comparisons of three solar irradiance curves: Atlas3, MODTRAN 5.2, 	
& MODTRAN 3.5	

(The data were smoothed to 3 nm spectral resolution for comparison)	

The magnitudes and spectral shapes are very different for the 3 standard  
solar irradiance curves in the 350 – 600 nm wavelength range. 

ATLAS3 – Solid line 
MODTRAN 5.2 – Dotted line (Removed in more 
                             recent versions of MODTRAN) 
MODTRAN 3.5 – Dashed line 



Summary 

•  In this presentation, I discussed various issues on spectroscopy, such as 
ultra-spectral, hyperspectral, multispectral, spectral resolution, sampling 
spacing, and spectral smoothing. I illustrated spectrum-matching 
techniques for wavelength and spectral resolution calibrations, and 
discussed problems with standard solar irradiance curves. 

•  Finally, thanks for your attention! 



Introduction to Spectroscopy 

•  At present, the terms “ultra-spectral, hyperspectral, and multi-channel 
imager” are often used in the scientific community.  

•  Ultra-spectrum – sufficiently high spectral resolution to resolve 
individual vibration-rotational gas absorption lines. The spectrum-
matching technique was invented in 1970s in the ultra-spectral research 
community, for developing the HITRAN line-by-line database. 

•  Hyperspectrum – medium resolution to resolve absorption bands of 
atmospheric gases and surface minerals. I first introduced the spectrum-
matching technique to the hyperspectral research community in late 
1980s for supporting the NASA HIRIS Project. 

•  Multi-channel  imager – e.g., AVHRR, MODIS, VIIRS, discrete 
channels, no contiguous spectral coverage. 

•  PACE – Two components, an imaging spectrometer + a SWIR multi-
channel imager 



Spectrum-Matching Technique Developed in 1970s 



Development of a nonlinear least squares spectrum-matching !
technique to retrieve column atmospheric gas amounts!

The matching technique 
allowed automated retrieval 
of minor and trace gas 
amounts using the NCAR 
Cray computer 



Spectral Resolution Estimation 


