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Applications Research Toolbox 
---- - , Stennis Space Center 

Systematic studies are needed to achieve a better 
understanding of the multispedral data requirements for remote 
sensing science and applications. 

Too few multispectral data sources are available to allow for 
parametric studies of the recluirernents for spatial resolution, 
spectral bands, signal-to-noise uatio, data quantization, and 
band-to-band registration. 

Applications Research Toolbox (ART) provides a simulation 
solution to that problem: it uses data acquired by existing 
sensors with higher spatial and spectral resolution to create 
multispectral images with predefir~ed characteristics. 

Datasets simulated with key data characteristics varied 
parametrically can be evaluated by potential end-users in real- 
world applications. 



ART Process Flow 
-- 

I Stennis Space Center 

plays a central role in the 
Applications Research 

Toolbox simulations 

Simulations based on spectral and spatial degradation of 
higher-resolution images acquired with existina remote 

V 
- - -  

sensing instruments 



Stennis Space Center 

Spectral response of a multispectral band of the target sensor (MSI: ETM+, ALJ) is 
approximated with a linear combination of spectral responses of the hyperspectral 
channels (HSI: AVIRIS, Hyperion) : 

a Assuming the hyperspectral channels having (3aussian shape with FWHM of A, for j = 1, . . ., N,,, 

The set of n equations solved in the least-squares sense to derive coefficients cii 
J prrcls 

The coefficients applied to calculate the synthesized multispectral pixels from the hyperspectral-eftes- 
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Band Synthesis Results 
- Sfennis Space Center 

The synthesized bands and the actual losely overlap, although some 
artifacts do occur (ripples at band plateaus, shoulders at band edges, and 
negative values outside bands) 
Multispectral bands that are significantly broader than the hyperspectral 
bands of the input instrument (>>I0 nm for Hyperion and AVIRIS) iare 
modeled more accurately 

For S ds, the synthesized bands are in very good agreement with the 
actua 
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Band Svnthesis Examp 
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r B90729tOlpOl_rll.la : Line 605, Sample 523 

1999 A VlRlS (color IR) 

Spectra for three 
sample pixels show 
that simulated 
multispectral radiance 
mirrors measured 
hyperspectral radiance. 
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MODTRAN llAodeling - -; Sfennis Space Cenfer 

- 
Undertaken to evaluate 
effects of differences 
between actual and 
synthesized bands 
-30,000 MODTRAN4 
calculations for each 
sensor 
1287 surface reflectance 
spectra from ASTER 
library (JHU, JPL, and 
USGS) and USGS 
Spectroscopy Lab 
Mainly minerals, but also 
vegetation, soils, and 

- man-made materials 

0 --- 
6 atmospheric mode!ls 
- tropical at 30°N om June 22 
- tropical at 30°N om Dec. 22 
- mid-latitude summer at 45ON on ,June 22 
- mid-latitude winter at 45ON on Dec. 22 
- sub-arctic summer at 60°N on June 22 
- sub-arctic winter at 60°N on Dec. 22 

each combined with 
4 aerosol models 
- rural, VIS = 23 km 
- rural, VIS = 5 km 
- urban, VIS = 5 krr~ 
- tropospheric, VIS = 50 km 

Nadir geometry from space for all the 
sensors (even AVIRIS) 
- 100-km altitude 
- ground at sea level 
- longitude 0° 
- 10:OO UTC 

I 'I- 



MODTRAN Results: Band 2 Green) @- - -. Stennis Space Center 

Hyperion -+ ALI Hyperion + ETM+ A VlRlS -+ ETM+ 
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#- MODTRAN Results: -u Band 4 I-l - Stennis Space Center 

Hyperion + ALI Hyperion + ETM+ AVIRIS -+ ETM+ 
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True color with square root stretch (histogram matched) 
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England Images 
I-- Sfennis Space 

Acquired on May 9, 
2001 at 15:17 UTC 

Center 

WRS plath 12, row 31 

Hyperion and ALI 
images were collected 
simultaneously, one 
minute after the ETM+ 

image was collected 
from the same orbit 

Overlap area from 
Boston, Nlassachusetts 
to Rhode Island Sound 

in Atlantic Ocean 

Radionnetric calibration; 
no geometric correction 



Arizona Images 
I. 

- --- - Sfennis Space Gel 

Acquired on March 23, 
2001 at 1742 UTC 

WRS path 35, row 3% 

Hyperion and ALI 
images were collected 
simultaneously, one 

minute i2fter the ETM+ 
image was collected 
from the same orbit 

Mostly desert area: 
mountains (minerals), 
sparse vegetation 

Radiometric calibration; 

no geometric correction 



Image Histogramis: Band 1 (Blue) --- 
T- Stennis Space Center 
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Image Histograms: Band 2 (Green) @- I ,,; Stennis Space Center 

Hyperion + ALI Hyperion + ETM+ 
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Image Histograrnms: lBand 3 (Red) - ,--, Sfennis Space Center 
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Image Histograms: Barnds 4 and 4' (NIR - ,,; Stennis Space Center 

Hyperion -+ ALI Hyperion -+ ETM+ Hyperion + ALI 

Radiance [ mW m-2 s f 1  nm-' ] 

Band 4 

10 20 30 40 50 60 70 80 90 
Radiance [ mW m-2 s f 1  nm-' ] 

Band 4 - 1  
9 - Hyperion derived 

Radiance I mW m-* s f 1  nm-l ] 

Band 4' 

F k c t u a l  ALI -7- 
9 -1 - Hyperion der ive(d  

c. 8 -  
s - 7 -  
(Y 

6 -  

z a 5 -  Arizona 
.I 
a A r  

Radiance [ mW m sr-' nm-' ] 

Band 4' 

- 14 

-. - -  
Radiance [ mW m-2 s r" nm-' ] 



llmage Histograms;: Band 5 (SWIRI) 
-- - Sfennis Space Center 
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Image Histograms): Band 7 (SWIRS) - - Sfennis Space Cenfer 
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Conclu~sions - ,-z; Sfennis Space Cenfer 

A spectral band synthesis algorithm for 
simulations of multispectral images from 
hyperspectral data has been formulated and 
implemented. 
The algorithm has been validated by 
comparison of the simulated images with data 
acquired near-coincidentally by actual 
multispectral instruments. 
The same algorithm allows for cross-calibration 
of hyperspectral and multispectral instruments 
(e.g., EO-I Hyperion and ALI vs. Landsat 7 
ETM+). 






