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Abstract. In this article, we describe methods for the correction of multispectral aerial images by accounting for atmospheric
interference. We also summarize the first correction results for images acquired at flight altitudes and evaluate the suitability
of selected methods for the atmospheric correction of these images. Furthermore, processes and phenomena occurring in the
atmosphere that potentially affect image quality and interfere with the electromagnetic radiation registered by the imaging
sensors are discussed as well. The purpose of atmospheric correction is to reduce or eliminate atmospheric interference during
multispectral image processing. Here we present methodology for image correction based on data gathered at various altitudes
during the autumn flights conducted as a part of the HESOFF project.
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1. Introduction

Multispectral aerial and satellite images have a large in-
terpretation potential. Information recorded in the form of
radiometric pixel values is used to study the environment
with particular reference to the status of water and vegeta-
tion, including analysis of trees, meadows and cereals. To
carry out the quantitative and qualitative analysis, image
data should be prepared appropriately. The relevant works
include calibration of detectors, correction of the influence
of the position of the Sun, topographical correction and at-
mospheric correction, the essence of which is the removal of
the atmosphere impact on the values recorded in the image
(Osinska-Skotak 2007, Ochtyra et al. 2016).

The necessity to carry out the atmospheric correction de-
pends on picture purposes. Atmospheric correction is usual-
ly needless in the case of photographs taken to classify land
cover or detect changes in time series. Simple atmospheric
correction algorithms (including DOS) can be used in the ab-
sence of the need to obtain information about reflectance. If
this parameter is necessary for conducting further analyses,
more advanced algorithms ought to be used (Song 2001).
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Currently, two chief methods can be applied in multispectral
data calibration. The first includes the use of ready algorithms
encrypted in the atmosphere models. Remote sensing softwa-
re has special modules to eliminate the effects of the atmos-
phere. The most popular software packages with complicated
models and algorithms are MODTRANS (2015), ATCOR2/3
and ATCOR4 (2015). Nonetheless, the obtained results are not
always correct due to high dynamics of changes taking place in
the atmosphere. The effectiveness of the procedure depends on
the degree of correlation of the atmosphere model with its real
state at the moment of obtaining images. The second group of
methods is correction based on empirical data obtained directly
in a given area. Field works consist of measurements with a
spectrometer or the use of special calibration markers with
known reflectance. The influence of the atmosphere is noti-
ceable in qualitative analyses, including land cover classifi-
cation, while it does not have a large impact on the obtained
quantitative results (Osinska-Skotak 2005). In the case of
quantitative analyses, even relatively small changes in values
attributable to the passage of solar radiation through the atmos-
phere may be of key importance for the values of the calculated
indicators and the results of the conducted research.
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Figure 1. Calibration markers with (a) >95% and (b) <5% reflec-
tance photographed from altitude 800 m

2. Atmospheric influence on pixel values in
aerial and satellite images

The reflectance, registered as the value of a given pixel in
an aerial/satellite image, is influenced by various processes
taking place in the atmosphere. Considering radiation absorp-
tion and scattering is of much importance in further data pro-
cessing. Making use of atmospheric corrections constitutes
the initial stage of radiometric adjustments of multispectral
images. The goal is to eliminate the effects of phenome-
na occurring in the atmosphere as completely as possible in
relation to the measurement of reflectance (Osinska-Skotak
2007). Before calculating the remote sensing indices or con-
ducting terrain classification, it is necessary to determine the
effect of the atmosphere on the results. A particularly large
error may be attributable to data from sensors placed on ob-
servation satellites, due to the thick atmosphere layer. The
process of atmospheric correction applied to satellite images
is complicated and requires mathematical and physicochem-
ical modelling that takes into account the parameters of the
atmosphere (Kotula 2011). Atmospheric correction methods
have developed with the development of optical sensors.
Their use on a large scale is associated with the acquisition
of digital photos. Notwithstanding numerous studies carried
out in order to fully describe the processes taking place in the
atmosphere, there still remains the need to continue work, im-
prove existing correction algorithms and develop techniques
to study the instantaneous composition of compounds in con-
sequence of electromagnetic radiation (Glowienka 2008). The
air consists mainly of a mixture of gases (dry air), water in
three phases and the atmospheric aerosol (Khodri 2017), that
is, a suspension of solid and liquid particles (Wotoszyn 2009).
The content of water vapor in the atmosphere varies, under-

goes phase transitions, depends on latitude, and its residence
time in the atmosphere is estimated for about 10 days. The
highest content of water vapor in the atmosphere is directly at
the surface and decreases with the distance from the ground.
At the height of 1.5 km, the average concentration of water
vapor is 50% lower than at the Earth's surface, and at a height
of 5 km, the water vapor content is 10 times lower, whereas
at a height of 10 km, is it 100 times lower. The greatest part
(about 99%) of water vapor is contained in the layer up to a
height of 12 km (Wotoszyn 2009). Modelling the composition
of the atmosphere is particularly difficult over the areas cov-
ered with vegetation. The gas exchange between the plants
and the atmosphere is intense and depends on many factors
(time of day, season of the year, outdoor lighting, etc.). In ad-
dition, the recorded reflectance and remote sensing indicators
are influenced by the angles between the local vertical axis
and the optical axis of the system recording the radiation, as
well as the position of the Sun. This influence is visible three
times more in the blue optical channels than those infrared.
As a result, typical vegetation indices, such as the normal-
ized difference vegetation index (NDVI), can be changed up
to 50% (Burkat 2015). In data post-processing, the effects of
reflectance geometry must be taken into account in addition to
atmospheric correction.

The biosphere plays a key role in the global carbon cycle
as plant green organs absorb carbon dioxide from the atmo-
sphere and convert it to organic compounds with the con-
tribution of solar energy (photosynthesis), while producing
oxygen as a by-product in this process. In the respiration
process, solar energy acquired in photosynthesis is stored
in the form of organic chemical energy. Respiration (also
indispensable process for plant growth) involves taking up
oxygen and releasing CO2 and also leads to a return of 60
petagrams of carbon/year (PgC/year) (Badawy 2011). Res-
piration plays an important role in the carbon balance at the
plant cell, whole plant and ecosystem levels. Although the
emission and absorption of CO2, water vapor and oxygen
plays a key role in their gas exchange, plants also produce
and emit trace amounts of gases in a class called collectively
biogenic volatile organic compounds (BVOCs). The emis-
sion of these can be an important part of the carbon balance
in the forest ecosystem and can amount to about 1.3 PgC/
year at a global level (Houghton 2017).

Vegetation is the main source of volatile organic compo-
unds (VOCs) in the atmosphere. Direct plant emissions may
include isoprenoids, terpenoids and various types of oxidized
compounds (0VOC), such as aldehydes, organic acids, esters
and alcohols. Many VOCs released have at least one olefinic
bond in their chemical structure, making them very sensitive
(reactive) to the oxidants present in the atmosphere (OH, O3,
NO3), which ultimately oxidize VOC to CO,. VOCs emit-
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ted by plants are dominated by isoprene and its derivatives,
such as monoterpenes and sesquiterpenes (Kiendler-Scharr et
al. 2009). Unfortunately, knowledge about the temporal and
spatial variability of BVOC emissions and their role in aero-
sol formation remains incomplete. BVOCs operate as ozone
precursors, and thus, they indirectly absorb solar radiation
in the ultraviolet range (Trainer et al., 1987). VOC emission
from plants is limited by both physiological and physicoche-
mical factors. Physiological factors affect the availability of
BVOC precursors and enzymes that control their transforma-
tion. Physicochemical factors limiting BVOC emissions are:
air parameters (temperature, partial-phase pressure, water and
lipid phase concentration), gas diffusion, hydrophobic and hy-
drophilic properties of organic compounds inside the leaves,
gas diffusion at the leaf and atmosphere border (Niinemets
et al., 2004). The volume of BVOC emissions also depends
on insolation intensity, CO, concentration in the atmosphe-
re, plant genetic features, stage of leaf development and phe-
nology. The volumes of VOC emissions depend on the plant
species and can vary up to four orders of magnitude. Also,
differences in biomass density and vegetation developmental
stages affect emission volumes. BVOCs produced by forests
impair visibility and can affect climate by scattering and ab-
sorbing solar radiation. Additionally, they can act as conden-
sation nuclei and cause clouds to form. The main components
of BVOCs are isoprene, monoterpenes, methanol, acetone,
formaldehyde and acetaldehyde.

The composition of the atmosphere is variable over time
and difficult to precisely model. It should be kept in mind that
with airborne images taken at a relatively low altitude (< 2000
m), the atmosphere effect can be significant due to the fact that
when compared to the model, half of the atmosphere mass is
contained in the lower layer (merely 5000 m thick), which un-
dergoes dynamic changes. Therefore, it is important to track
atmosphere effects on the results obtained in processing of re-
mote sensing data. Multispectral images obtained from low and
medium altitudes (up to 2000 m) are less popular than relatively
often used multispectral satellite imagery (Czapski et al. 2014),
which is why, there have been considerably fewer scientific
publications available, related to the radiometric correction for
these areas. Based on the subject literature, we assumed that
atmospheric correction can be made using two key methods:
absolute and empirical, that is, relative (Glowienka 2008).

3. Methods for atmospheric correction

The absolute correction is performed based on the stan-
dard atmosphere models or on the basis of measurements of
atmospheric parameters at the moment of image taking. The
methods applied rely on the use of Radiative Transfer Model
(RTM), based on the models of average climatic atmosphe-

res. This means that the current state of the atmosphere at
the time of registration is not recorded, but the average state
of the atmosphere in a specific climatic region. Radiation
transfer models are physico-mathematical models descri-
bing the transmission of radiation in the atmosphere based
on the laws of physics and effects of radiation on vegetation
(Jarocinska 2012). The empirical (relative) correction me-
thod consists of comparing the terrestrial signal with another
reference signal registered in the image. This method uses
image and field measurements to perform the correction. It
is based mainly on statistical measurements. The parameters
can be obtained directly from the image, for example, with
the use of Dark-Object-Subtraction (Kaneko 2016) Model
(DOS), Flat Field (FF), Internal Average Relative Reflectan-
ce (IARR) or spectrometric field measurement, for example,
by the Empirical Line method ( Glowienka 2008).

The aim of the present study was to assess the impact of
atmosphere on the radiometric values of objects recorded
in aerial images, using the empirical method. An attempt
was also made to answer the question whether it is possible
to achieve satisfactory results in the calculation of NDVI,
NDWI, RSI and other indices without correction, using ima-
ges from the multi-spectral platform Quercus 6, created as
part of the project HESOFF.

4. Materials and methods

For the correct analysis of the acquired multispectral
images, it is necessary to properly prepare data and minimi-
ze the influence of factors interfering with the radiometric
value. Correct data calibration is possible because of the use
of field markers with the known reflection values in indivi-
dual spectral ranges.

It was assumed that the markers used in the study must
meet the basic parameters:

 possible low (< 20%) and possibly high (> 80%) spec-
tral reflection in the ranges used to study trees; spectral re-
flection of the reference material must be predictable - irre-
spective of the position and light conditions

» Lambertian character reflectance/diffusion of the light

 appropriate terrain size of at least 3 x Ground Sam-
pling Distance (GSD) cm (expected maximum pixel size);
this is a limit value for effective detection (Campbell, Shin
2012, Tellidis, Levin 2014)

In order to calibrate the optical sensors from the plane,
the Zenith Lite Target field markers were used from Sphere
Optics (Figure 1) — 50 x 50 cm aluminium square sheets co-
ated with a barium sulphate (BaSO,) layer, and placed close
to the forest area under investigation. Typical reflectance
values for markers were below 5% (dark ones) and above
95% (light ones). Figure 3 shows the spectral curves for the
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Figure 2. Low (<5%) and high (>95%) reflectance in visual and
near infrared light calibration markers used in HESOFF project

markers. The use of field markers enabled correct calibra-
tion of the sensors and data processing that eliminated the
atmosphere influence on reflectance depicted in the images,
and, in particular, non-selective scattering on water vapour
and VOC particles.

The comparison of the results obtained with the results of
the selected atmospheric correction algorithms was made for
a series of images made from various flight levels above the
area of Zelechdw, at the beginning of October 2014. A com-
parison with two correction algorithms, QUAC and FLAASH,
was also performed in order to illustrate the problems related to
the application of atmospheric correction in airborne images.

The QUAC algorithm is a typical “black box” algorithm,
which takes into account the general atmosphere models and
does not allow entering own parameters in the correction
process, which significantly reduces its suitability for cor-
recting aerial images taken at low flight heights, with a strong
impact of local non-standard atmospheric components.

To obtain the correct result, the FLAASH algorithm requires
input of many parameters characterizing the image obtained, as
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well as environmental and meteorological conditions at the time
of image taking. For the data obtained from typical photogram-
metric flights, this can be difficult, more so that the algorithm for
proper operation requires the use of an infrared channel (about 2
pum), which is not recorded in such air raids. This causes errors
in the resulting images after correction (Figure 6).

The analysis of changeability of brightness intensity of
selected pixels and image fragments was performed in the
function of wavelength (channels) and the function height
of image taking. Especially this second analysis is important
by reason of the assessment of the atmosphere impact, and
the accuracy of the correction.

5. Results and discussion

At the outset, the analysis of the homogeneous areas was
performed on the images obtained at the flight altitudes. The
analysis of brightness intensity of selected pixels of raw image
(Fig. 4), located within the markers placed on the test areas (alu-
minium sheets arranged in the shape of a cross) indicated pixel
brightness reduction together with the flight level, regardless of
the recording channel. For higher flight levels, this is related to
the small size of the markers themselves and averaging the re-
flection from their surface with the surrounding terrain. Marker
values were recorded as 8 bits in the range from 0 to 255.

In individual raw image channels (Table 1), considerable
differences were observed between the results for the visible
and infrared channels. The values in the infrared channels
were much lower, which resulted directly from the spectral
nature of the markers used in the study.

The QUAC algorithm (Table 2) clearly reduced the
brightness of pixels in the infrared channels, whereas in the
case of visible channels the results were very similar to the
raw data with a slight reduction of the atmospheric mist.

The situation was completely different in the case of the
FLAASH algorithm (Fig. 6). The algorithm uses a model of
separation of cirrus clouds, taking into account a special spec-
tral channel in the range of 1360—1380 nm. The “cirrus” chan-
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Figure 3. SphereOptics GmbH (2017)
markers spectral curve
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Table 1. Selected pixels intensity of RAW image with NDVI values

The central value of spectral range [nm] NDVI [%]
Altitude [m]
460 550 570 640 760 850
300 255 255 255 255 137 103 -30.10
800 153 255 255 255 76 57 -54.08
1200 163 255 203 255 78 56 -53.15
1300 149 209 125 218 59 47 -57.40
1700 162 199 235 225 61 40 -57.34
2100 159 185 211 199 58 40 -54.86
2500 145 165 152 161 54 39 -49.77

Table 2. Selected pixels intensity QUAC algorithm processed image with NDVI values

The central value of spectral range [nm]

Altitude [m] NDVI [%]
460 550 570 640 760 850
300 255 255 255 255 206 192 -10.63
800 175 255 255 255 166 143 21.14
1200 183 255 199 255 151 120 -25.62
1300 209 205 115 216 108 101 -33.33
1700 132 197 222 233 130 94 -28.37
2100 146 175 205 194 80 72 -41.61
2500 130 152 139 152 45 31 -54.31

Table 3. Selected pixels intensity FLAASH algorithm processed image with NDVI values

The central value of spectral range [nm] NDVI [%]
Altitude [m]
460 550 570 640 760 850
300 135 80 88 2 0 206 -100.00
800 0 120 130 44 182 144 61.06
1200 0 114 0 54 178 141 53.45
1300 0 14 0 0 138 118 100.00
1700 0 0 65 8 141 107 89.26
2100 0 0 14 0 136 102 100.00

2500 0 0 0 0 124 100 100.00
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nel is available in Landsat 8 OLI scenes, and is not available
for registration in typical aerial cameras. For low- and mid-
range data, the FLAASH algorithm misidentifies the clouds.
The algorithm classifies bright areas, including white patterns
such as clouds and excludes them from classification (correc-
tion) by assigning high negative values to these pixels. As a
result, these areas are “concealed”. To illustrate the problem,
the algorithm was used to correct all channel images acquired
from seven different flight altitudes. The areas discussed are
visible in the processed image as black spots. To quantify the
results of the classification, the positive values obtained as a
result of applying this correction method (the range 0-255)
were recalculated and then the pixel values were read for the
markers. The results are summarized in Table 3.

After the correction, it can be seen that the results ob-
tained are clearly different from the source data. Only the
pixels with small reflectance values are corrected properly,
whereas bright pixels reach the values of 0 (the original va-
lues after the correction were expressed in the range from
-32,768 to 0).

The analysis of the images before and after the correc-
tion clearly showed the difference between the results for
both algorithms. The source image and resultant images are
shown in Figures 4, 5 and 6.

Both the raw picture (Fig. 4) and the picture after QUAC
correction (Fig. 5) are characterized by good contrast. The
image after correction is slightly darker but still fully reada-
ble, which is the correct result of removing the effects of
atmospheric scattering.

In the case of the image after correction with the FLA-
ASH algorithm (Fig. 6), there are clearly visible black fields
with the value 0, located in the brightest areas of the image.
The interpretation potential of the image is reduced due to
"concealing" of a part of the image area. In a cross-sectional
perspective, it is worth analysing several graphs depicting
a relationship between the raw image and post-correction
image values using both algorithms.

For the 550, 570 and 640 nm channels (Figs. 7, 8 and 9),
very high conformity was observed between the pixel values
representing the markers on the raw image and after QUAC
correction, while the values obtained after FLAASH correc-
tion were radically different.

In all the analysed cases, the image after correction (Fig.
7, 8 and 9) showed lower pixel values than those in the raw
image. This indicates a correct reduction of a small (still in-
creasing with flight altitude) brightening effect attributable to
light scattering in the atmosphere. There is also a clear tendency
to lower the brightness of the marker pixels as the flight altitude
increases. This result seems inconsistent with the increasing
share of the atmospheric mist; nonetheless, the cause lies in the
relatively small size of the markers, which with the increasing
flight altitude are represented by a smaller and smaller number

Figure 4. 640 nm optical band, altitude 1200 m, RAW image, scale
on image 2

Figure 5. 640 nm optical band, altitude 1200 m, QUAC algorithm
processed image, scale on image 2

Figure. 640 nm optical band, altitude 1200 m, FLAASH algorithm
processed image, scale on image 2
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Figure 7. RAW image and processed images (QUAC, FLAASH)
pixels intensities dependence for 550 nm optical band

of pixels. From a height of about 1700 m, the markers start to
give the impression of being same as the surrounding area. At
a height of 800 m GSD pixel represents a 0.25 m of a ground
(the marker has the shape of a cross with dimensions of 2x2 m,
and shoulder width 0.4 m). By reason of "concealing" consid-
erable image areas when the FLAASH algorithm is used, for
the quantitative analysis of the atmosphere impact, the results
of the correction obtained by means of QUAC algorithm were
used and related to the values of raw images in the form of a
difference in value. The results are presented in Table 4.

In the case of absolute value analysis, particularly high
differences for near-infrared channels are detectable. The al-
gorithm caused a very clear image brightening.

The effects of the algorithm are evident in the table show-
ing the percent correction of the image brightness (Table
4). It should be remembered that all the analyses presented
above relate to the brightness level for the selected bright
marker surfaces located in the studied area. If you analyse
the whole image, the absolute and percent results will be dif-
ferent. However, they are not presented in the present paper.

An original method of estimating the atmosphere's
influence on the values recorded in the picture

Comparable results were obtained using a proprietary
software developed for the needs of the HESOFF project.
The study area was established in the Forest District Karczma
Borowa (coordinates of the area centre in the WGS84 sys-
tem: 51.848766, 16.626985). In order to assess the impact
of the atmosphere on the reflectance measurement in the au-
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Figure 8. RAW image and processed images (QUAC, FLAASH)
pixels intensities dependence for 570 nm optical band
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Figure 9. RAW image and processed images (QUAC, FLAASH)
pixels intensities dependence for 640 nm optical band

tumn 2013, photographic missions were carried out over a
forest area of 5 ha. A prototype multi-sensor platform Quer-
cus 6, recording radiation in the ranges 635 and 865 nm, was
used to acquire images. The computer program developed
by the project team was used to analyse the images (Fig. 10).
The reflectance was measured for the selected images of the
same area made at different flight altitudes: 100 m, 400 m
and 600 m. The result of the analysis is the graph showing
the dependence of the reflectance on the flight altitude.
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Table 4. The influence of atmospheric light scattering on pixels intensities (%)

The central value of spectral range [nm]

Altitude [m] 460 550 570 640 760 850
(%]

300 0.0 0.0 0.0 0.0 -50.4 -86.4

800 -14.4 0.0 0.0 0.0 -118.4 -150.9
1200 -12.3 0.0 2.0 0.0 -93.6 -114.3
1300 -40.3 1.9 8.0 0.9 -83.1 -114.9
1700 18.5 1.0 5.5 -3.6 -113.1 -135.0
2100 8.2 54 2.8 2.5 -37.9 -80.0
2500 10.3 7.9 8.6 5.6 16.7 20.5

6. Conclusion

The analysis of the results showed that the correlation of
the recorded light intensity and the flight level is strongly
positive, and the reflectance increases with altitude, both
for red and infrared range. Even with a moderately low
photogrammetric flight altitude, image brightness typical
of satellite images was observed, which increased with fli-
ght altitude. This phenomenon is interpreted in three ways
depending on the way of light scattering, that is, Rayleigh
scattering, Mie scattering and non-selective scattering (Lil-
lesand, Kiefer 1994). Rayleigh scattering occurs when ra-
diation reacts with atoms and molecules, the size of which is
much smaller than the wavelength. The oscillating electric
field of a light wave acts on the charges within a particle,
stimulates vibrations of electrons that emit photons of light.
The effect associated with this phenomenon is inversely pro-
portional to the fourth power of wavelength (Slater et al.,
1983, Chavez 1988). It is worth noting that the molecules
responsible for this phenomenon in the atmosphere over
forest areas are the standard molecules that make up the
atmosphere, that is, nitrogen, oxygen and so on, and gases
typical of the forest ecosystem, that is, isoprene, monoter-
penes, methanol and so on. The latter compounds, due to
their size, scatter light with longer wavelengths. This type
of scattering is homogeneous in all directions. It mainly
concerns visible light. The second type of scattering (Mie
scattering) occurs when the light wavelength is similar to
the particle diameter. The phenomenon occurs mainly in the
case of longer wavelengths. Typically water vapor and dust
particles, and sometimes VOC particles, are examined with
reference to Mie scattering. Mie scattering is inversely pro-
portional to the wavelength (Slater et al. 1983). The third

type of scattering that was mainly observed in the present
study is non-selective scattering. It occurs regardless of the
wavelength of the light affecting particles with dimensions
much larger than the wavelength (e.g., rain drops, 5-100 pm
water vapor). Non-selective scattering is associated with vi-
sible, near and middle infrared light (Wotoszyn 2009).

If using the atmospheric correction algorithms for mul-
tispectral aerial images, the application of appropriate tech-
niques of the correction should be considered in each case.
On the one hand, available algorithms can be very simplified
(QUAC), and bring about correct results only for representative
scenes performed under standard conditions. Such algorithms
are easy to use, but they are not suitable for images involving
areas with atypical atmospheric components, for example, over
the areas with rich vegetation. On the other hand, in the case of
complex correction algorithms, there is a necessity to introduce
a number of input parameters, the acquisition of which is im-
possible for typical aviation missions carried out for the needs
of research projects. The lack of these parameters result in the
erroneous classification of the areas recorded in the image, as it
happens in the case of applying FLAASH correction (Figure 9).
Additionally, it should be noted that in addition to the pixel bri-
ghtness intensity, also remote sensing biomass indicators, such
as EVI or NDVI, are sensitive to the flight level from which the
measurement is made. For the examined pixels, the difference
of the NDVI index ranged from 4.54% to 32.94% between ima-
ges without and with the atmospheric correction. It should be
remembered that with this type of indicators, image data from
various optical channels are used. Between these, as demon-
strated in this study, a significant variation in the atmosphere
impact on the brightness level can be observed. In the case stu-
died, for correction by the QUAC algorithm, the difference for
640 nm channel was quite small, and for 730 nm channel it
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was significant. The solution to the problems identified may be
further detailed in studies of theoretical and practical aspects
of atmospheric correction for small areas. The works should
take into account the nature of the studied area and effects of all
atmosphere components pertinent to a given ecosystem.
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