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• The demand for remotely sensed data and digital cartography is growing increasingly

• Some common applications are land cover/land use monitoring and classification

• Nevertheless, collecting primary information is not as immediate as desirable, often a
number of atmospheric occurrences restrict the use of the information

• Clouds, cloud shadows, and haze generally contaminate optical remote-sensing
images

• In terms of land cover/land use, such a contamination is intended as missing
information and should be replaced

• Improving land cover classification is still an exciting challenge
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• Image reconstruction is an active research topic in the fields of remote sensing

• Currently, several approaches do exist to automatically detect and mask clouds, and
cloud shadows, for returning an uncontaminated image data, although they differ
with respect to the general processing strategy

• In particular, image reconstruction is classified according to three main approaches,
i.e. in-painting-based, multispectral-based, and multitemporal-based methods

• Multitemporal-based methods take advantage by handling additional data to detect
and replace clouds and their shadows, based on both temporal and spatial coherence

• For automated approaches, it is suitable if enough cloud-free information is available

1. INTRODUCTION
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1.1. Motivation and Purpose

• Concerning Land cover/Land use Landsat mission doubtless represents one of the
most effective resources either in terms of availability and effectiveness

• However, an important number of Landsat scenes is inevitably contaminated by
clouds, mostly along tropical areas.

• This occurrence affects several quantitative analysis including estimation of
vegetation, land cover/land use classification and change detection, between others

• Besides, for purposes of land cover classification, seasonal variations may cause
certain similarities in terms of spectral answer (built-up environment and bare lands)

• Detecting and replacing contaminated pixels, and enhance spectral differences are
prerequisite to retrieve a most accurate information about the land surface
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• Accordingly, the work investigates a methodology for quickly obtaining multispectral
daytime cloudless and shadow-free imagery based on automatic selection of the
“best” uncontaminated pixels from a stack of multitemporal images at the same
image scene

• The expected result is a cloud free composite multispectral image of Top Of
Atmosphere (TOA) reflectance based on middle values along an image stack, over a
year

• The approach is suitable under certain restrictions, i.e. for specific purposes such as
urban land cover, changes at a coarse scale are not significant over relatively short
time periods (one year, for instance).

1.1. Motivation and Purpose
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2. CASE STUDY AND DATASET

• The work aims to arrange a cloudless mosaic of multispectral images, for the whole
Dominican Republic, based on a Landsat 8 dataset for the year 2015.

• 5 squared image scenes of around 185 km2 are employed to cover the whole area
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3. METHODS

3.1. Image pre-processing

• Calibration and atmospheric correction

• Image calibration is applied to convert image data from monochromatic scale of
intensity (0-65535 for OLI) to at-sensor radiance, or Top-Of-Atmosphere (TOA)
reflectance

• Dark Object Subtraction (DOS) is perhaps the simplest yet most widely used image-
based absolute atmospheric correction approach

• Because the simplified formulation, yet the effectiveness, we used the DOS1
correction
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3. METHODS

3.2. Multi-date brightness effect correction

• Seasonal variations also represents a critical concern for multi-temporal data

• The method employed for correcting the multi-date brightness effect relies on a
statistical approach, which expects to adjust the reflectance of an image, depending
on a reference (main) image

• The reflectance of the secondary image is adjusted to the primary based on the mean
and the standard deviation of both images

R2 corr =  
2

1
221

SD

SD
MRM   
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3. METHODS

3.3. Masking approach

• One of the most effective approaches is the Automated Cloud-Cover Assessment
(ACCA) algorithm, a scene dependent approach that relies on the use of reflective and
thermal values to detect clouds

• However, thermal information is not always available for remotely sensed data.

• We employ a statistic-based approach, which relies on the use of BLUE band and
Near-infrared (NIR) band to detect clouds and cloud shadows (Multi-spectral
approach)

• Mean and standard deviation are calculated for a stack of pixels at each point along
the image scene, either for BLUE and NIR bands
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3.3. Masking approach

• The assumption is that clouds do not keep the same geographical position from one
image to another along a stack of multi temporal images, hence if clouds are present
at any point, mean and standard deviation increase significantly, thus providing
outliers.

• If clouds are present in the stack, the pixel BLUE value smaller than the mean through
that blue pixels stack is plausibly clouds-free

• While, if cloud shadows are present in the stack, the pixel NIR value greater than the
mean less the standard deviation calculated through that NIR pixels stack (Mean of NIR
- Std.Dev. of NIR) is plausibly shadows-free
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3.3. Masking approach
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• The multi-date brightness effect
correction uses image statistics for
adjusting seasonal differences

• Because, extended water surface
affect image statistics, water needs
to be masked

• Normalized Difference Water Index
(NDWI) is used to mask water,
based on a threshold approach

3.3. Masking approach
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3. METHODS

3.4. Image reconstruction

• Multitemporal-based approach is employed for automatically retrieving
uncontaminated pixels from a stack of images taken at different time periods.

• Two main assumptions:

1. First, it can be inferred that, along the visible and the near-to-short wave infrared
spectrum, high range values of reflectance reasonably signify clouds; on the other
hand, because low range values signify high light absorption, it can be assumed
that low values are due to shadows

2. Because clouds (and then cloud shadows) move rapidly, a significant statistical
variation, along the image stack, indicates outliers
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3.4. Image reconstruction

• As an example to illustrate the process we have selected the image scene L8 identified
by the location WRS-2 Path 7 and Row 47 (Latitude 18.8, and Longitude -69.8).

Landsat 8 OLI - 2015    Path: 007 | Row: 047 

ID Month CC %  ID Month CC % 

LC80070472015013LGN00 January 13  LC80070472015221LGN00 August 19 

LC80070472015045LGN00 February 46  LC80070472015237LGN00 August 19 

LC80070472015077LGN00 March 6  LC80070472015253LGN00 September 14 

LC80070472015109LGN00 April 10  LC80070472015269LGN00 September 10 

LC80070472015125LGN00 May 20  LC80070472015285LGN00 October 17 

LC80070472015157LGN00 June 24  LC80070472015301LGN00 October 8 

LC80070472015173LGN00 June 17  LC80070472015317LGN01 November 24 

LC80070472015189LGN00 July 18  LC80070472015365LGN00 December 21 
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• As an example to illustrate the process we have selected the image scene L8 identified
by the location WRS-2 Path 7 and Row 47 (Latitude 18.8, and Longitude -69.8).

3.4. Image reconstruction
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• A stack for each band is made, and ordered depending on reflectance values, i.e. from
the highest to lowest

• Mid-range values reasonably provide valid data, while high range values mostly collect
snow, thick haze, or cirrus, and low range values collect shadow, floods, burn scars

• Clouds also generate different shades of “halos” so, despite the masking algorithm,
contamination is not completely removed. Besides, in optical imagery, even thin
clouds generally stand along high reflectance values

• By ordering the images, high values, such as clouds, are captured by the higher levels
of the stack; while low values, such as shadows, move towards lower levels

3.4. Image reconstruction
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• Near levels provide the smallest brightness difference. On the other hand, the multi-
date adjustment reduces the differences along the stack

• As an example consider the blue band stack, and a set of randomly selected pixels
along the stack. Each row represents an image blue band, while columns are values of
TOA at each pixel. Values are atmospherically corrected and ordered

3.4. Image reconstruction

TOA Reflectance Values

Level 16 - - - - - - - - - - - - MAX.

Level 15 - - - - - - - - - - - 0.0651

Level 14 - - - 0.0886 - - - - - 0.0669 - 0.0567

Level 13 - 0.1033 0.0813 0.0824 - - - 0.1044 - 0.0632 - 0.0547

Level 12 - 0.0574 0.0788 0.0672 - 0.1132 0.1051 0.0951 - 0.0620 - 0.0500

Level 11 0.0906 0.0556 0.0738 0.0664 - 0.0871 0.0728 0.0919 - 0.0617 - 0.0468

Level 10 0.0727 0.0443 0.0480 0.0585 0.0391 0.0474 0.0510 0.0874 - 0.0610 - 0.0452

Level 9 0.0410 0.0434 0.0474 0.0427 0.0327 0.0466 0.0385 0.0763 - 0.0607 0.0405 0.0452

Level 8 0.0406 0.0423 0.0456 0.0427 0.0307 0.0429 0.0370 0.0704 0.1593 0.0598 0.0377 0.0438 MEDIAN

Level 7 0.0404 0.0414 0.0424 0.0419 0.0283 0.0408 0.0368 0.0623 0.1590 0.0590 0.0358 0.0424

Level 6 0.0403 0.0390 0.0381 0.0406 0.0241 0.0387 0.0354 0.0520 0.1523 0.0551 0.0355 0.0420

Level 5 0.0385 0.0378 0.0372 0.0387 0.0240 0.0332 0.0320 0.0481 - 0.0541 0.0341 0.0409

Level 4 0.0339 0.0369 0.0293 0.0372 - - 0.0296 0.0422 0.1420 0.0498 0.0326 0.0391 QUART. 1

Level 3 0.0324 0.0326 - 0.0345 0.0228 0.0270 0.0294 0.0417 - 0.0459 0.0295 0.0329

Level 2 - 0.0290 0.0267 0.0322 - 0.0258 - 0.0363 - 0.0445 0.0237 0.0326

Level 1 - 0.0288 0.0246 - 0.0221 - - 0.0344 - - 0.0226 0.0302 MIN.

MEDIAN 0.0404 0.0414 0.0440 0.0427 0.0262 0.0418 0.0369 0.0623 0.1557 0.0598 0.0341 0.0438

QUART. 1 0.0385 0.0369 0.0352 0.0387 0.0237 0.0346 0.0328 0.0422 0.1497 0.0541 0.0295 0.0400

MEAN 0.0478 0.0455 0.0478 0.0518 0.0280 0.0503 0.0468 0.0648 0.1531 0.0572 0.0324 0.0445

Std. DEV 0.0199 0.0194 0.0198 0.0188 0.0059 0.0280 0.0243 0.0244 0.0081 0.0069 0.0061 0.0094

High

Low
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• Values between median (orange line) and the first quartile (red line) are the most
suitable to reduce contamination. Because clouds and shadows as masked, standard
deviation (variability) decreases and mid-values are less affected by contamination.

3.4. Image reconstruction

• Through visual inspection of
images between median and
first quartile, the latter shows
the best balance performance.

• Hence, the first quartile image
has been selected as the most
effective result (middle image)
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3.4. Image reconstruction

• In order to fill possible no-data, the
median image can be used as
ancillary data. If small no-data areas
still occur, in-painting approach can
be used to get the final image
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• The more the available images over the time period under investigation, the more is
the probability of getting uncontaminated images.

• We also emphasize that, when using mid-range values of reflectance along a stack of
multitemporal images, a reduction of thin clouds and haze is also achieved

• In order to evaluate the goodness of the results, we provide three tests about the
performance of the method: analysis of the frequency distribution of reflectance
values (histogram analysis); the analysis of correlation and linear regression between
spectral bands; and the accuracy of the land cover classification

• Tests are made upon a square sample of 45 kilometers of the final image, compared
with two testing images with same extent at the same geographical position
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4. RESULTS AND DISCUSSION

4.1. Histogram analysis

• The histograms of each
spectral band of the outcome
image is compared with two
Landsat images, for case study
WRS-2 Path 7, Row47 (water is
not taken into account)

a b c
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4. RESULTS AND DISCUSSION

4.2. BLUE/RED Spectral
correlation

• Based on the assumption that at
clear sky conditions BLUE and
RED bands are highly correlated
for most land cover types, linear
regression analysis is undertaken
between the two bands (water is
not taken into account)

• This reports about an enhanced
clear sky condition

a b c
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4. RESULTS AND DISCUSSION

4.3. Land cover 
classification improvement

• Relevant difference, in terms of 
spectral characteristics, and 
image enhancement, are 
achieved by applying the 
proposed method. 

• This increases the capability of 
the classifiers.

a b c

Artificial Vegetation
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• The classification process relies 
on a standard approach based 
on the on-screen selection of a 
set of regions of interest (ROI) 
for different land cover types, 
and the use of the maximum 
likelihood classifier

• The final result of the 
classification has been 
generalized into four main land 
cover classes, i.e. Urban areas, 
Crop/Fallow, Forest/Natural 
areas, and water

a b c

4.3. Land cover classification improvement
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• To assess the accuracy, the classifications have been compared with ground truth
information. Water is not considered for the accuracy assessment. Besides, ground
truth points are not allocated on clouds.

• With a margin of error of 5%, a confidence level of 95%, and a response distribution
of 50% (conservative solution); 384 ground truth points has been allocated, equally
distributed through the three generalized land cover classes: Urban; Crop/Fallow;
Forest/Natural

• Google maps has been used as ground truth information.

4.3. Land cover classification improvement
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4.3. Land cover classification improvement

Accuracy Assessment OUTCOME IMAGE | WRS-2 Path 7, Row 47 

Overall Accuracy 92.4675%         

Kappa Coefficient 0.8870         

 Urban Crop/Fallow Forest/Natural Total   Commission Omission Producer Acc.  User Acc.  

Urban 97.69 0.78 1.59 33.77   2.31 2.31 97.69 97.69 

Crop/Fallow 2.31 88.37 7.14 32.73   9.52 11.63 88.37 90.48 

Forest/Natural 0.00 10.85 91.27 33.51   10.85 8.73 91.27 89.15 

Total 100 100 100 100       
           

Accuracy Assessment LC80070472015045LGN00 | WRS-2 Path 7, Row 47 

Overall Accuracy 88.5714%         

Kappa Coefficient 0.8286         

 Urban Crop/Fallow Forest/Natural Total   Commission Omission Producer Acc.  User Acc.  

Urban 96.12 3.13 4.69 34.81   7.46 3.88 96.12 92.54 

Crop/Fallow 1.55 84.38 10.16 31.95   12.20 15.63 84.38 87.80 

Forest/Natural 2.33 12.50 85.16 33.25   14.84 14.84 85.16 85.16 

Total 100 100 100 100       
           

Accuracy Assessment LC80070472015077LGN00 | WRS-2 Path 7, Row 47 

Overall Accuracy 81.8182%         

Kappa Coefficient 0.7273         

 Urban Crop/Fallow Forest/Natural Total   Commission Omission Producer Acc.  User Acc. 

Urban 90.84 2.99 5.00 33.51   7.75 9.16 90.84 92.25 

Crop/Fallow 3.05 76.87 17.50 33.25   19.53 23.13 76.87 80.47 

Forest/Natural 6.11 20.15 77.50 33.25   27.34 22.50 77.50 72.66 

Total 100 100 100 100       
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4. RESULTS AND DISCUSSION

4.4. Mosaic of multiple image scenes
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• The approach shows a remarkable effectiveness particularly for large and
heterogeneous landscapes

• Because the methodology does not rely on the use of thermal information to mask
clouds, it can be plausibly implemented for other satellite data

• Nevertheless, the main assumption is that there is no significant change in object
space within the period of image acquisition.

• Depending on the objective of the investigation, land cover changes, at a coarse
operational scales, such as 1:100,000 for instance, may be not significant over a
relatively “short” time period. Indeed, if we analyze urban areas at a coarse
resolution, and along short time periods, changes supposedly may be not relevant
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• On the other hand, if the investigation requires frequent measurement for monitoring
vegetation along the year, for instance, other approaches should be implemented,
unless an appropriate number of images is available at higher temporal resolution

• We also report that the use of middle-range values gives rise to the possibility of
maintaining certain undesired values, more or less abundant, depending on the
goodness of the input information

• Moreover, the methodology is strongly related to the effectiveness of the masking
approach.

• In order to increase the suitability, a moving window approach could be explored to
minimize the variance in reflectance along the whole image.
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