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Abstract: The hyperspectral remotely sensed imagery is used in vast applications, especially in agriculture,
mineralogy, geology, ecology and surveillance. Although it can give us abundant information with high
spectral resolution, the presence of atmosphere with gases and aerosols alters the signal, leading to reduce
and scatter the energy so that radiance does not interact with the ground surface. Therefore, if we demand
reliable and accurate reflectance which is a property of ground feature, we have to carry out atmospheric
correction for hyperspectral imagery. In this paper we evaluate scene-based empirical approaches that
merely depend on statistics of image which can reduce the atmospheric effect without having any meteoric
and geometric measurement. The results show that empirical line calibration is the most accurate method.

INTRODUCTION

Atmospheric constituents such as gases and aerosols have two types of effects on the radiance observed by a
hyperspectral sensor:

e First it will result in the reduction of the energy that illuminates a ground of object (and being reflected from the
object) at specific wavelengths.

e Second, the atmosphere acts as a reflector itself which will cause the addition of scattering, extraneous path
radiance to the signal detected by the sensor which is irrelevant to the properties of the surface.

Although hyperspectral sensors are generally airborne, it’s necessary to heed atmospheric effect in order to have
reliable and accurate result.

Atmospheric correction techniques can be divided into two main categories including relative (empirical) and
absolute (rigorous).Since 1985, atmospheric correction algorithms have promoted the empirical methods to rigorous
modeling. (Bo-Cai Gao 2006)

Absolute atmospheric correction is more preferable than the relative correction techniques (Nikolakopoulos et. al.,
2002) since it models the atmosphere according to the similar environmental and geographical conditions when the
image is acquired however it definitely needs weather and meteoric measurements.

the Atmospheric CORrection Now (ACORN), the Fast Line-of-sight Atmospheric Analysis of Spectral
Hypercubes (FLAASH), and ATmospheric CORrection (ATCOR 2-3) are now new approaches to reduce
atmosphere effect by simplifying rigorous parameters to coefficients that depend on atmospheric and geometric
conditions.

In this paper we introduce and evaluate empirical methods which merely rely on image data statistics and there is
no need to know the signal wavelength, solar and viewing geometry and atmospheric parameters.

They are mainly five empirical techniques for correcting atmospheric effect:

1. Dark Object subtraction
2. Flat field calibration

3. IARR*

4. Log residuals

5. Empirical line calibration

Internal Average Relative Reflectance
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We utilize each of above techniques so that the resultant spectra can be compared with the reflectance spectra of the
study area.

METHODOLOGY

As the recorded image data is digitized and rescaled to fit into 16 bit/pixel encoding, the correlation coefficient can
subsequently be calculated between the calibrated radiance and reflectance.

In order to verify the efficiency of methods in different ground features, three locations (water, soil and
vegetation) have been selected.

The spectral correlation measure (Van der Meer and Bakker, 1997) is calculated as the correlation coefficient of
the pixel (portrayed as vector in a n-dimensional feature space) r; =(rjj, ..., rir)" and r; =(1j1, ... er)T and their
respective reflectance s; =(s;iy, ..., siL)T and s; =(s;1, ..., st)T as:

nylsis;—YrsiNTs;

Tsisi =
T rerst-@rs) st si-ts)]

(1

where n is number of the overlapped band.

The correlation coefficient has advantage that it takes into account the relative shape of radiance curve as well as
reflectance curve. (Freek van der Meer 2005)

Each algorithm will be outlined in more detail in what follows.

Dark object subtraction

The most significant radiation components seen at the sensor are generally unscattered and down-scattered surface-
reflected, and path-scattered (Schowengerdt, 1997). A usual simplification is to assume that down-scattered
atmospheric radiance is zero.

Features like water and asphalt can be regarded as dark objects. We assume the dark objects reflect no light, any
value greater than zero must result from atmospheric scattering. We remove this scattering by subtracting the
lowest brightness value (dark object) from every pixel in the band.

Flat field calibration

Flat Field calibration produces relative reflectance by dividing the mean spectrum of a user-defined region of
interest (ROI) into the spectrum of each pixel in the image. The ROI should be a spectrally flat material within the
wavelength range of the sensor. Beach sand and concrete are popular choices and vegetation is poor choices.

IARR

IARR algorithm is similar to Flat Field calibration in that a reference spectrum is divided into each pixel in the
image to generate relative reflectance. However, the reflectance spectrum for IARR is the mean spectrum of the
entire image versus a user-defined ROI.

Two above methods assume that the flat area should have neutral spectrum and any deformation of signal could
be generated by atmosphere so dividing the mean spectrum into each pixel can reduce this error in the whole image.

Log residuals

The Log Residuals method produces a pseudo reflectance dataset by dividing each pixel's spectrum by the spectral
geometric mean and the spatial geometric mean.

Normalization is an alternative which makes the corrected data independent of multiplicative noise such as
topographic and illumination factor effects which depend on atmosphere parameters. This can be performed using
Log Residuals, based on the relationship between radiance and reflectance:

Xi,n:TiRinInai: 1,...,K;1’1=1,...,N (2)

Where X ,is radiance for pixel i in wavelength n. T; is the topographic effect, which is assumed constant for all
wavelengths. R;, is the real reflectance for pixel i in wavelength band n. I, is the (unknown) illumination factor,
which is assumed independent of pixel. K and N are the total number of the pixels in the image and the total
number of bands, respectively.
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X;. » can be made independent of T; and I, by dividing X; , by its geometric mean over all bands and then its
geometric mean over all pixels. The result is not identical to reflectance but is independent of the multiplicative
illumination and topographic effects present in the raw data. The procedure is carried out logarithmically so that the
geometric means are replaced by arithmetic means and the final result obtained for the normalized data is:

1 1
LogZin = logXin — () Yn=1logX;, — ) YK logXin 3)

Empirical Line Calibration

Empirical Line calibration forces the image spectra to match reflectance spectra collected from the field. This
method can produce the most accurate results possible, but it requires ground truth information.

A simplified view is that remote measurements have lost DNy and/or accumulated unwanted DNy in each
wavelength channel owing to several possible processes. The effects of some processes are multiplicative, others
are additive. (John B.Adams , Alan R.Gillespie 2006)

DNk = GkXLk + Ok (4)

K is number of band, Ly is the measured value of a pixel in band k; DNy is the corrected value of a pixel in band
k; O is offset and G is gain in band k.

In this method the gain and offset will be calculated for selected locations in each of channels, then we exert
Offset and Gain coefficient on all pixels for each of channels:

DN, = (5-) (L= 0) 5)

STUDY AREA AND USED DATA

The study area is ProSpecTIR-VS image located on Reno, NV, USA that’s retrieved from SpecTIR Company.The
ProSpecTIR-VS instrument has dual sensors individually covering visible/near-infrared (VNIR) wavelengths of
400-1000nm and short-wave infrared (SWIR) in the 1000-2500nm wavelength range within 360 channels and 2m
spatial resolution.

The image located in Reno is covered by urban and mixed environment (Figl). In order to perform appropriate
comparisons of the atmospherically corrected images, three sample locations are selected: Vegetation, Soil and
Water.

Fig.1.Reno, NV, USA

RD . :
THE 33 AsIAN CONFERENCE ON REMOTE SENSING



The location has two individually reflectance and radiance images so that evaluation of signal deformation could
be possible.

RESULTS AND DISCUSSION

In order to evaluate the capability of methods, three reflectance and radiance such as soil, vegetation and water have

been selected in study area.

The radiance and reflectance curve of above locations are indicated in Figure 2, 3.
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Fig.2. Radiance curve of selected area
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Fig.3. Reflectance curve of selected area

There were no clouds and aerosols seriously when image was acquired so merely slight difference between
radiance and reflectance could be distinguished in visible light (0.4 to 0.7um). But in presence of water vapor and
gases, the difference will dramatically increase in subsequent bands.
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According to figure 4 the main absorbing gases in the atmosphere are water vapor, ozone, carbon dioxide, and
oxygen. Atmospheric water vapor focused at 0.94, 1.14, 1.38 and 1.88 pm, the oxygen gas at 0.76 um, and the
carbon dioxide near 2.08 um .We can conclude that approximately more than half of the spectral region is affected
by atmospheric gas absorptions. The shorter wavelength region below 1 pm is also affected by molecular and

aerosol scattering. (Bo-Cai Gao 2006)

The spectrum profile of calibrated radiance and the reflectance in flat region are shown in figure 5, 6

respectively.

Fig.4. Atmospheric transmittance in the 0.4pum to 2.5um

Fig.5. Calibrated radiance of flat region by flat field method

B o i vl

i B

Tranumillance

H, O
H g o b )
Fl |
|

| J [ Il |
#.rf | ] I / | | | E'!:{J-_ \
|

0y

vl
“+ bl ||

Had )| | |
o 1

Voo [ -'jll_.ﬂ

inms
- . co, |

20

0.3 1.0 I:i
Wavelength (pmj

" vugeziongz um]

Gl L TP

Fig.6. Reflectance of a flat region
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The result of Log residuals method is shown in Fig 7. The relative brightness value in log residuals demonstrates

the value of absorption in all bands, for instance white feature in RGB image absorbed approximately all of the
energy in all bands. This concurs well with our knowledge that water is almost a black object. For illustrating more
clearly, vegetation intensely emits energy in more than half of channels in relative of other features; so we expect
the vegetation appears black.

Fig.7. Log residuals result in RGB bands.

To compare the comparability between the calibrated radiance corrected by the methods and the reflectance

curves, we compute the correlation coefficient (see table 1).

Table 1. correlation coefficient between calibrated radiance and reflectance

Water Soil Vegetation

primary radiance 0.9492 0.3497 0.7922
Dark object subtraction 0.9053 0.2422 0.3760
Flat field calibration 0.2276 0.8225 0.9620
IARR 0.4797 0.7103 0.9766

Log residuals 0.5252 0.6308 0.9797
Empirical line calibration 0.8789 0.9421 0.9911

CONCLUSIONS

L.

Dark object subtraction method can damage seriously the image unless it’s being used for visible range. In other
word this simple technique is effective for haze correction in multispectral data in the shorter wavelengths where
scattering dominates, however it should not be used for hyperspectral data

. Flat field calibration and IARR are effective in soil and especially vegetation but it also could damage image in

1, 1.36 and 1.8um (see Fig5, 6) where water vapor changes the spectra approximately. These methods assume
that flat ROI has spectrally neutral and the relative spectra often have absorption features that are not present in
reflectance spectra of comparable materials measured in the field or laboratory. (Bo-Cai Gao 2006)

. Log residuals can be useful for vegetation analysis but it’s usually more effective for analyzing absorption

features present in hyperspectral data rather than removing atmospheric effect.

. If the flat area is available in location, flat field calibration and IARR can be effective in removing atmospheric

effect in vegetation analysis.

. The presence of water vapor is the main reason in hyperspectral imagery that hinders the empirical methods to

operating more effectively.
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10.

11.

12.

13.

14.

15.

6. Empirical line calibration is the most accurate and effective method in scene-based empirical methods but it
needs field or laboratory information.
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