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Abstract

This report investigatesthe noise les assaiated with the AVIRIS data
set. The contents of the relevant noise les are illustrated. A calibrated
noise Te is created along with the noise covariance. The IDL code to
perform such tasks is also included.

1 AVIRIS On-Board Calbration Data

The AVIRIS data set comescomplete with a host of Tes, most of which are
described in an accomparying AVIRIS readme Te. The two most important
noise related noise Tes are the pre and post °ight line on-board calibration
“les. This is the AVIRIS data measuredfrom the on-board calibrator before
and after the °ight line is acquired. Example Te namesare:

f990520t01p02_r02.v1.pre
f990520t01p02_r02.v1.post

The les are binary 16-bit signedinteger IEEE in raw digital numbers[DN].
The format is band-interleaved by pixel (BIP) 224 bands, 614 samples,8 lines.
The 8 lines correspond to thoselisted in Table 1. Plots of all 8 lines of data for
the above listed pre Te can be seenin Figure 1.

What can be seenin all 8 lines of data is the large spike between 2.3 and
2.41m (around band 207). This region corresponds to spectrometer D which
was functioning incorrectly at the time of collection. This artifact also appears
in the collected imagery, as can be seenin Figure 2.
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Table 1: Pre and post °ight line on-board calibration data
[ Line Number [ Description |

Dark signal one-sideof shutter

Dark signal other-side of shutter

Spectral 'Tter A one-sideof shutter

Spectral “Tter A other-side of shutter

Spectral Tter B one-sideof shutter

Spectral 'Tter B other-side of shutter

High signal one-sideof shutter

High signal other-side of shutter
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Figure 1: Pre °ight line on-board calibration data.
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Figure 2: Plot of sampleimage and dark signal spectra. One can seethe \dead"
region around band 207 in both curves.
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Figure 3: a) Standard deviation (i.e., noise) of the raw dark signal and b)
zoomed-in version of plot a).

2 Noise Computation

Of interest for noise calculations is the line of data that correspondsto \dark
signal one-side of shutter". This is line 1 (or 2) in the pre °ight data e,
for example. With this information, the standard deviation of all 614 samples
for eath band, from the raw dark signal can be computed. The results of this
calculation can be seenin Figure 3. These ndings, except for the broken
spectrometer, are very similar to those found by Greenand Pavri [1].

The AVIRIS data set also includes a ‘Te that contains the radiometric cal-
ibration coexcients (RCC) and laboratory calibration uncertainties. A plot of
this data can be seenin Figure 4.

We can now corvert the (raw) noise data into calibrated radiance units or
noise equivalert delta radiance (NE¢L). This is done by multiplying the noise
by the radiometric calibration coezxcients (RCC). A plot of this multiplication
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Figure 4: Radiometric calibration coexcients.
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Figure 5: Calibrated noisein radiance units (NE¢L).

can be seenin Figure 5. This is result is similar to that found by Green and
Pavri [1], though the magnitude of their results in the shorter wavelengthswas
found to be lower.

3 Noise Covariance

With the spectral noise data, we can also compute the noise covariance. This
can be seenFigure 6 in the form of a correlation matrix. The high correlation
within ead spectrometer is clearly illustrated by the brighter gray valuesin the
displayed image. Also, we can seethere are some\dead" regionsat bands 206,
207,and 208 due to the broken spectrometer.



Figure 6: Calibrated noise correlation matrix.

4 |IDL Code

This sectiondocumerts the IDL code that was usedto read-in, calculated, and
display the AVIRIS data TTes.
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;Process_AVIRIS_Noise.pro

;DESCRIPTION
; This program reads-in the various AVIRIS noise files. It then
; computes a standard deviation (i.e., noise) and corresponding

; calibrated noise (using the RCCvalues). Finally, a
; calibrated correlation  matrix is computed.
;HISTORY:

;Programmed January/Feburary, 2003 by

; Emmett lentilucci

; Digital Imaging and Remote Sensing Laboratory

; Chester F. Carlson Center for Imaging Science

; Rochester Institute of Technology

; Rochester, NY 14623

; emmett@cis.rit.edu

FUNCTIONinscl, image, gain, bias, n

scaled = gain * image + bias

FORcol=0, n-1 DOBEGIN

FORrow=0, n-1 DOBEGIN

IF scaled(col,row)  GT 255.0 THENSscaled(col,row)=255.0
IF scaled(col,row) LT 0.0 THENscaled(col,row)=0.0
ENDFOR

ENDFOR

RETURNscaled

END

PROProcess_AVIRIS_Noise

samples = 614
lines 8
bands = 224

; PREFLIGHTLINE ON-BOARDCALIBRATORATA

; Contents: AVIRIS data measured from the on-board calibrator  before the flight line.
; File Type: BINARY16-bit signed integer |EEE

;. Units: AVIRIS digitized  numbers

; Format: BIP (224, 614, 8)

PreData = INTARR(bands, samples, lines) ;BIP
openr, 1, "D:\My Documents\Algorithms\AVIRIS Noise\Data Files\f990520t01p02_r02.v1.pre"
readu, 1, PreData

close, 1

; Extract all the lines the the AVIRIS Dataset
DarkSignal = PreData[*, *, 0]

DarkSignalo = PreData[*, *, 1]

SpectFiltA = PreData[*, *, 2]

SpectFiltAo = PreData[*, *, 3]

SpectFiltB = PreData[*, *, 4]

SpectFiltBo = PreData[*, *, 5]



HighSignal = PreData[*, * 6]
HighSignalo = PreData[*, *, 7]

; In order to view the data correctly, have to swap byte order from IEEE to Intel

DarkSignal = SWAP_ENDIAN(DarkSignal)
DarkSignalo = SWAP_ENDIAN(DarkSignalo)
SpectFiltA = SWAP_ENDIAN(SpectFiltA)
SpectFiltAo = SWAP_ENDIAN(SpectFiltAo)
SpectFiltB = SWAP_ENDIAN(SpectFiltB)
SpectFiltBo = SWAP_ENDIAN(SpectFiltBo)
HighSignal = SWAP_ENDIAN(HighSignal)
HighSignalo = SWAP_ENDIAN(HighSignalo)

; Lets read in the AVIRIS sensor response file that contains the valid wavelengths
Response = FLTARR(2, 224)

openr, 1, "D:\My Documents\Algorithms\AVIRIS Noise\Data Files\aviris.rsp"

readf, 1, Response

close, 1

Wave= Response[0,*]

; Lets plot all 8 lines

SET_PLOT,ps'

DEVICE, IENCAPSULATEDsize=15, ysize=10, $

FILENAME= 'D:\My Documents\Algorithms\AVIRIS  Noise\Using Pre Post\All_8_Lines.eps'
IP.MULTI = 1[0, 2, 2] ;2 col, 2 row

plot, Wave, DarkSignal[*,100], CHARSIZE=0.4,$

titte="Dark Signal one side and other side of shutter (sample 100), $
xtitle="Wavelength [um], ytitle="Raw [DN]'

oplot, Wave, DarkSignalo[*,100]

plot,  Wave, SpectFiltA[*,100], CHARSIZE=0.4,%

titte="Spectral filter A one side and other side of shutter (sample 100)', $
xtitle="Wavelength [um], ytitle="Raw  [DN]'

oplot, Wave, SpectFiltAo[*,100]

plot, Wave, SpectFiltB[*,100], CHARSIZE=0.4,$

titte="Spectral filter B one side and other side of shutter (sample 100), $
xtitle="Wavelength [um], ytitle="Raw  [DN]'

oplot, Wave, SpectFiltBo[*,100]

plot, Wave, HighSignal[*,100], CHARSIZE=0.4,$

tittle="High Signal one side and other side of shutter (sample 100), $
xtitle="Wavelength [um], ytitle="Raw  [DN]'

oplot, Wave, HighSignalo[*,100]

DEVICE, /CLOSE

SET_PLOT,win'

IP.MULTI =0

; COMPUTEHE STANDARDEVIATIONOF THE RAWDARKSIGNAL
Sigma = FLTARR(224)
FORband=0, 223 DOSigmalband] = STDDEV(DarkSignal[band,*])

; Lets plot the standard deviation of the raw DarkSignal (and a zoom)
SET_PLOT,ps'

DEVICE, /ENCAPSULATEDsize=15, ysize=5, $

FILENAME= 'D:\My Documents\Algorithms\AVIRIS  Noise\Using Pre Post\noise_uncal.eps'
IP.MULTI = [0, 2, 1] ;2 col, 1 row



plot, Wave, Sigma, CHARSIZE=0.4,$%

titte="Stddev of all Samples for Each Band (i.e., Un-Calibrated Noise)', $
xtitle="Wavelength [um]', ytitle="Standard Deviation [DN]'

plot, Wave, Sigma, CHARSIZE=0.4,yrange=[0,4], $

title="Stddev of all Samples for Each Band (i.e.,  Un-Calibrated Noise)’, $
xtitle="Wavelength [um]',  ytitle="Standard Deviation [DN]'

DEVICE, /CLOSE

SET_PLOT,win'

IP.MULTI =0

; RADIOMETRICALIBRATIONCOEFFICIENTS

; Contents: AVIRIS radiometric  calibration coefficients and laboratory  calibration uncertainty
; File Type: ASCI

; Units: [uw/ecm”2/nm/sr/DN]

; Format: 3-columns, rad cal coef, uncertainty in rad cal coef, band

; Lets read in the ascii data (3,224)

RadCalCoefData = FLTARR(3, 224)

openr, 1, "D:\My Documents\Algorithms\AVIRIS Noise\Data Files\f990520t01p02_r02.v1.rcc"
readf, 1, RadCalCoefData

close, 1

RadCalCoef = RadCalCoefData[0,*]

SET_PLOT,ps’

DEVICE, IENCAPSULATEDsize=7.5, ysize=5, $

FILENAME= 'D:\My Documents\Algorithms\AVIRIS  Noise\Using Pre Post\RCC.eps'

plot, Wave, RadCalCoef, CHARSIZE=0.4,title="Radiometric Calibration  Coefficients', $
xtitle="Wavelength [um], ytitle="Rad  Cal Coef [uW/cm”2/nm/sr/DN]'

DEVICE, /ICLOSE

SET_PLOT,win'

i

; COMPUTEALIBRATESTDDEWr NEdL
Sigma_cal = Sigma * transpose(RadCalCoef)

SET_PLOT,ps'

DEVICE, [IENCAPSULATEDsize=7.5, ysize=5, $

FILENAME= 'D:\My Documents\Algorithms\AVIRIS  Noise\Using Pre Post\noise_cal.eps’

plot, Wave, Sigma_cal, CHARSIZE=0.4,$%

title="Calibrated Noise (NEdL)', xtitle="Wavelength [um], ytitle='NEdL  [uW/cm”~2/nm/sr]'
DEVICE, /CLOSE

SET_PLOT,win'

; COMPUTEHE COVARIANCE/CORRELATION

; Wantto compute it on the calibrated data. First have to mult RCC* DarkSignal
DarkSignal_rcc = FLTARR(224,614)

FORsample=0, 613 DOBEGIN

DarkSignal_rcc[*, sample] = float(DarkSignal[*,sample]) * float(transpose(RadCalCoef))
ENDFOR



COR= Correlate(DarkSignal_rcc, /DOUBLE)

; Display the correlation after somescaling and makeit larger in size
gain = 400.0

bias = 100.0

COR_scl = LinScl(cor, gain, bias, 224)

COR_scl = congrid(COR_scl,500,500)

SET_PLOT,ps'

DEVICE, /IENCAPSULATEBITS_PER_PIXEL=8 xsize=6, ysize=6, $

FILENAME= 'D:\My Documents\Algorithms\AVIRIS  Noise\Using Pre Post\noise_corr.eps'
tv, COR_scl

DEVICE, /CLOSE

SET_PLOT,win'

END
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