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!Tlfl TEXAS A&M Lab Exercise

GEOG661 Digital Image Processing
Laboratory Exercise 3 Radiometric Preprocessing and

Atmospheric Correction

Introduction

In this lab vou will atmosphenically correct a Landsat Thematic MDMapper ymage using correction
techinques of varping sophasticaton. You wnll be asked to evaluate the effects of the different
corrections on the spectral signature on different land cover types.

Satellite Image

O website you wnll find a porbion of 2 recent Land=at 7 scene covenng portion the Brran-College
Station area. In addibion, the metadata for the full scene 1= provided. Pertinent information aboust the
umage mclzdes:

¢ Path: 26

¢ Fouw: 39

* Acquisthon Date: Janvary 12, 2010

¢ Solar Zemith Angle: 5773659635 (the solar elevation 15 32.2631055%)

¢ FEarth-Sun Distance: 09835 Astronomical Usuts — as determuned ﬁ-:un the ID1. STUUN rouhine

created by Johns Hopkins Unsversity /Applied Physics Laboratory

Hint: To view the image in ENVI, load bands 5 4 and 2 as Red, Green, and Bloe, respectively. This
will create a false-color composite image with easy to interpret colors.

Exercise 1 Create spectral signatures (wavelength versus DIV} for a pmel on the non-vegetated Lot
51 parking lot (pixel location 489, 5335} and the vegetated Polo Field at (pixel location 494, 340). Thus
can be accomplished using the £ Profile (Spectrum) tool to obtam a spectral sugnature of the two
sites. hnltple profiles can be collected uaing the Collect Spectra Funchon and then saved as ASCII
data or plotted You will need to examine the actual values later, so you may wish to do more than
simply make a plot.

Hint You may simply wish to record the DN /Radiance/Reflectanice for each band of the two
tarpets as well as the wavrelength of each band and create the plots 1n 3 graphing program. One of
the pownts of the lab 15 to compare how these spectral profides change as you move from onginal
DN walues to radiances to atmosphencally-corrected reflectances so constmcting easity comparible
graphs will benefit you in the end. You will need these values to computing the WDVI at each step
as well

Exercise 2 Caleulate the Normalized Dhifference Vegetation Index for both of the targets. For
Land=at TAL the normalized difference index 1= caleulated as

(band4 — band?3)

NDIT = -
(band 4 + band3)




For the remainder of the lab we will zee how both the profiles change and how the IWNDWVI changes
as we perform radiometnc preprocessing

1. Conversion from DN to Radiance

The first step in radiometric preprocessing is corwerting the DN values in the onginal image to at-
satellite radiance. The exact procedure for accomphslung this vares between satellites and data
providers. For Lands=at the procedure to convert from DIN to radiance 15 well-docomented in the
I swmdnaf RY- T Data LUlrers Hawdbsor in chapter 11.
(http:/ /landsathandhook gefe.nasa gov/data_prod/prog sectll_3html). The information
conwcerning the scaling for this particular scene can be found in the metadata file promded wath the
imnage chip you recerved. It 15 good practice to be able to undertake this scabng =o I wall leave it up
to vou to follow the procedure deseribed in the Handbook

Exercise 3 Compute the Gain and offsets needed to corwert the DN Value [(QCAL in the

Handbook] to spectral radiance at the satelite (L; in the Handbook] for the six Land=at Bands.
Please prowide a table of these gains and offsets. Please show your wotk for Landsat Band 1

Onice vou have computed the gains and offsets, please apply them to the image to create a radiance
image which vou will use 1 later steps.

Hint In ENWVI this 15 accomplished using the Apply Gain and Offset T ool which 15 found under
Basic Tocls 2 Preprocessing = General Purpose Utikties or by performing Band Math.

Exercise 4 Once vou have successfully conwerted from DIN to Spectral Fadiance, recreate your

spectral plots for the vegetated and non-vegetated pizel= and recompute the NDWVI for each tarpet
Diiscuss howr the plots and DT have chanped.

2. Conversion from Radiance to In-band Planetary Albedo or Reflectance

The next step in radiometric preprocessing iz often to convert from radiance to reflectance. A
simple approach which does not take into account atmosphenc effects, but does normalize for
ramations i1 solar irradiznce 15 often useful in reducing vanahihty between wmages by convertng
spectral radiance to planetary reflectance or albedo. This procedure 15 also outhned e Tamdeat 7
Sctence Ddata Ukers Hawndboos, but the same genersl approach can be used for other sensors operating
i1 the optical range.

Exercise 5 Compute the (Gain needed to coavert the spectral radiance to mn-band planetary albedo
for the seven Landsat Bands. Please prowide a table of these gains Please show vour work for
Land=at Band 1

Once you have determuned the gamn necessary for each Land=at band, please apply them to each of
the sm bands in the image 1n them i a manner simalar to that in Exercise 3.

Exercise 6 OUnece vou have soccessfully converted from spectral radiance to m-band planetary

albedo, recreate your spectral plots for the vepetated and non-vegetated pixels and recompute the
INDWVTI for each target. Discuss how the plots and WDV have changed.



3. Relative Radiometnic Correction

The first type of correction vou need to perform will be a relative radiometric correction In thiz lab,
vou will perform the simplest type — termed 2 single-tmage normahzston uvsing lustogram
adjustment by Jensen (2003). It and other relatrre radiometric corrections are desenbed in Jensen
(2005} begmuiung on page 213.

Exercise 7 Determine the first order scattenng or haze correction for each of the six Land=at Bands=
for the reflectance image you created previoushr. Complete a table showing the buas correchon you
have selected to mutunuze the effects of haze Please discuss in one or two paragraphs how you
determined your bias correction.

Hint Determimng the first order scattering or haze wall require computing the statishies and
hiztograms for each band In ENVL, this is easily accomplizhed using the Compute Statistics Tool
found uwader Baszic Tools = Statistics.

Once vou have deternuined the bias necessary to correct for haze in each Landsat band, please apply
them to each of the =ix bands in the image in them in a3 manner ssmilar to that 11 Exercize 3.

Hint In ENWVI thas 15 accomplished using the Dark Subtract Tool which is found under Basic
Tools = Preprocessing = General Purpose Utilities or you can use Band Math

Exercise § Once you have successfully performed 3 simple relatrre radiometric correction, recreate
vour spectral plots for the vegetated and non-vegetated pixels and recomputed the NDWVI for each
target. Dhiscuss how the plots and NDWVI have changed.

In zome instances, determimng the biases for 2 haze correction from the image histograms is not
poszible or desirable. Instead it may be preferable to use an alternatrre method to select the valoes to
perform a bias correcton. ‘This is to select an area where vou know the reflectance will be low (e.g. a
clear lake] or heawily shadowed area and use these walues to perform a relative atmosphenc

correction. You can use a single pixel from one of these areas or a mean from a 3=3 or other

extended newghborhood.

Hint In EMVI it 1= possible to compute use the £ Profile (Spectrum) tool to get spectra averaged
over 2 window. 1o do so use the 52 F FProfile .Average fumcion which 1s located under Options n the
Spectral Profile Tool

Exercise 9 Determine the bias correchon for each TLandsat band using this alternatrre method,
again providing them in tabular form. Pleaze descobe in one to two paragraphs what object you
selected for this correchon and what averagping wandow (if any) was emploved.

Onece vou have deternined the bias necessary to correct for haze in each Landsat band, please apply

them to each of the =ix bands in the image in them in a manner ssmilar to that 11 Exercize 3.

Exercise 10 Once vou have successfully performed the altemmative sumple relative radiometnc
correction, recreate your spectral plots for the vegetated and non-vegetated pixels and recompute
the WNDWI for each target. Discuss how the plots and NDWVI have changed (if at all) from youor
previons caloulations. .
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