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Cloud and shadow removal from Landsat TM data
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Abstract: Cloud removal is an important step in remote sensing image process. In this paper, the author proposed a new algo-
rithm for cloud removal using multi-temporal Landsat TM image data based on spectral characteristics analysis. Through the
spectral characteristics analysis of the thick cloud region and its shadow region, the thick cloud and its shadow identification
models were designed. Using image regression, unsupervised classification and pixel replacing techniques as well as these
models, the influence of thick clouds and its shadows can be eliminated or reduced in the Landsat TM images. The result shows
that the algorithm can eliminate or significantly reduce the cloud influence from Landsat TM image data.
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1 INTRODUCTION

The earth observing satellite Landsat TM/ETM+ remote
sensing image data, have been widely used as the main data
source for the study of spatial/ temporal land use/cover change
due to its enhanced spectral characteristics, short data acquisi-
tion cycle, wide survey field, data usability and other properties
(Li et al., 1997). It has been used as an ideal remote sensing
image data source for the research of regional-scale natural
resource and environment.

However, due to climate reasons, it is difficult to obtain
completely cloud free remote sensing image data. Most of the
remote sensing image data include, more or less, clouds and
their shadows projected on the ground. These give some trouble
to a number of users of remote sensing image data. It becomes
often the most important issue how to remove the influence of
clouds from the remote sensing image data (Song et al., 2006).
So, cloud removal is an essential step in the image pre-proces-
sing process (Song et al., 2003).

A great number of work has been carried out on the cloud
detection and removal research such as dynamic filtering
method (Zhao, 1996; Wu, 2003), multi-spectral synthesis
method, light temperature value difference method, the index
method (Song et al., 2003), cloud processing algorithms based
on remote sensing image classification results and the cloud
detection results (Song et al., 2006), image fusion method
based on neural network and wavelet transform (Tapasmini et
al., 2008), cloud detection method based on the texture analysis
and neural network (Song et al., 2004).
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The conventional cloud processing algorithms differ depen-
ding on the cloud status.

Dynamic filtering method is suitable for the case that there
exists relatively wide range of cloud in the image. Dynamic
filtering method, combining the frequency filtering and gray
value change, separates cloud and background features, and
finally removes the cloud influence from the remote sensing
image. Because this approach relates to the frequency filters
and needs the choice of cutoff frequency, the useful information
sometimes is lost in the filtering process. Moreover this app-
roach can not be used for the thick cloud.

For the local cloud distribution regions, the time average
method is generally used. This algorithm can only be used in
the region in which the surface feature change along the time is
very small. For the dense vegetation cover region, due to vege-
tation growth is closely related with time, vegetation indices of
different time are significantly different from each other. There-
fore, such a simple substitution algorithm can not be used in
this case.

To solve the above problem, in this paper, the author sug-
gests a new cloud removal method that uses the Landsat TM
image data of the same region at different time. It uses the TM
remote sensing image data of the same period, or nearly the
same season in different years. Based on each band’s relative
change of spectral characteristics, an enhancement model of
thick cloud and its shadow is designed. In conjunction with
these models and conventional unsupervised automatic classi-
fication method, image matching technique using linear regres-
sion analysis and pixel replacing operation, the cloud influence
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can be eliminated or reduced from the Landsat TM remote
sensing image data. The result shows that the algorithm can
eliminate or reduce the cloud influence from the Landsat TM
image data

2 STUDY AREAAND DATA SOURCE

2.1 Brief description of the study area

The study area is located in the central and western region of
Korean Peninsula ranging from 125° 00 'E to 126° 10'E and
from 38° 15 'N to 39° 30'N. The distance of a straight line bet-
ween eastern and western end is about 105.84km, the distance
of a straight line between north and south end is about
137.46km. The study area is about 14000km?. The region con-
tains a variety of terrains including mountains, plains, sea, and
S0 on. It contains a variety of land use/cover types including
woodland, grassland, paddy fields, dry fields, salt, urban and
industrial land, bare soil, reservoirs, lakes, canals, and tideland
and so on. The spatial distribution structure of the land use/
cover is very complex and the block is relatively small in the
region. This kind of region is helpful to the researchers who
study the effect of the cloud influence removal from Landsat
TM image data under the different terrain conditions and dif-
ferent land use/cover types.

2.2 Data source

Two Landsat TM images of the study area were taken in
August of 2006 and 2007 in Landsat 117-33 orbit. These Land-
sat TM image data were obtained through the network. The
remote sensing image data used in this paper were shown in
Table 1.

Table 1 List of used data

No. Satellite Date Sensor
1 Landsat 5 2006-08-19 ™
2 Landsat 5 2007-08-22 ™

Among the two remote sensing image data, the one in Au-
gust 2007 includes relatively large area of locally distributed
thick cloud and its shadow regions. Another one in August
2006 includes small area of cloud and its shadow regions. The
main purpose of this study is to remove the thick cloud and its
shadow. So we use the remote sensing image data in August
2007 as the main data, the remote sensing image data in august
2006 as the auxiliary data. The color composite image of the
Landsat TM remote sensing image data in the study area is
shown in Fig. 1.

3 METHOD

3.1 Data pre-processing

The data pre-processing procedure is shown in Fig 2. First,
using AutoSync module in ERDAS IMAGINE 9.2, image reg-
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Fig. 1 The color image of Landsat TM (red-band 5, green-band 4,
blue-band 3) on August 22, 2007
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Fig. 2 Data preprocessing diagram

istration was carried out between the two Landsat TM image
data (Dang et al., 2007).

Then for the two Landsat TM image data, image match was
performed between each corresponding bands. First, the naked
eye visual interpretation method is used to select the cloud free
region ROI in the two Landsat TM image data. In these regions,
for each corresponding bands of the two Landsat TM image
data, linear regression analysis was performed. Using linear
regression model, each band of the auxiliary data was matched
to the corresponding band of the main data.

The linear regression model is described as follow.
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Yi=aX;+ b Q) (3) In cloud shadow regions, the spectral reflectance value

where X;: the i band’s gray value of the auxiliary data; Y;: the i
band’s transformed gray value; i: the band number.

Table 2 shows that the correlation between each corre-
sponding bands of the two Landsat TM image data is very high.
In particular, the pairs of band 4 and band 5 have the maximum
value respectively.

Table 2 Linear regression results

Band a b R
1 0.86 7.75 0.90
2 0.86 3.53 0.87
3 0.82 351 0.87
4 0.92 0.52 0.96
5 0.94 0.02 0.96
7 0.86 1.70 0.93

3.2 Cloud and shadow enhancement model

3.2.1 Spectral characteristics of the thick cloud region

To extract the thick cloud and its shadow region, the com-
parison analysis of the spectral characteristics between cloud
free region and cloud region was performed in this paper. Fig. 3
is the 5, 4, 3 bands color composite image of the Landsat TM
image data on August 22, 2007 (a) and spatial profile curve (b).
In Fig. 3(a), the straight line lies across the region which inc-
ludes vegetation, water, thick cloud and its shadows.

In the color composite image, the white region is the thick
cloud region and the black part beside it is its shadow region.

From Fig. 3, the spectral characteristics of cloud and its
shadow region are as follows:

(1) In all bands, the spectral reflectance value in thick cloud
region is significantly higher than cloud free region (The dif-
ference is over 150).

(2) In water bodies and cloud shadow regions, the spectral
reflectance value of band 4, 5 and 7 is significantly reduced.
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Fig. 3 Spectral characteristics of cloud region

(a) Color image of band 5, 4, 3; (b) Profile curves of the interest region

of band 1, 2 and 3 is reduced a little. But in water bodies, the
spectral reflectance value of band 1, 2 and 3 is increased.

Although the variation amount of the spectral characteristics
is not the same with the difference of cloud thickness, but such
variation trend caused by thick cloud and its shadow is the
same.

3.2.2 Cloud enhancement model

Based on the analysis result above, we proposed the cloud
and its shadow region enhancement model.

The change content of the spectral characteristics between
two TM image data includes the change part caused by cloud
and the change part caused by land use/cover change. So, in
order to extract cloud and its shadow region, first of all, it is
necessary to distinguish between the change part of the spectral
characteristics caused by cloud and the one caused by land
use/cover change.

Firstly, the thick cloud enhancement model is designed in
this paper.

From Fig. 3, the differences between the change of the spec-
tral characteristics caused by thick cloud and the one caused by
the land use/cover change are as follows:

First: the change of the spectral characteristics caused by
thick cloud is very great. The variation of the spectral reflec-
tance values of each band is more than 150.

Second: the change trend of the spectral characteristics of
each band is the same, which is increased.

Based on the above two features, thick cloud enhancement
model is designed as follow.

CAEM = MDxXCDF @)
n
> |Brefi — Bauxil
MD= i ®)
n
n
CDF=Sign[ )" Sign(Bgrefi — Bauxi) —N+11 (4)

i=1
where Bgesi: the i band’s gray value of the main data; Bau: the i
band’s gray value of the auxiliary data

In this paper, the Landsat TM image data on August 22,
2007 was used as main data and the one at August 19, 2006
which was transformed by linear regression model was used as
auxiliary data.

CAEM: Cloud area enhancement model; MD: Mean abso-
lute difference; CDF: Cloud discriminate function; n: the num-
ber of bands.

If the gray value of all bands of the main TM data is greater
than the one of the auxiliary data, CDF = 1; otherwise, CDF<:0.

In the region in which there is a great change of the spectral
characteristics, MD value is high, but in the region in which
there is no change of the spectral characteristics, MD value is
low.

Among the region in which MD value is high, if CDF = 1,
this region is just the cloud region.

In order to reduce the influence of the variation of sun’s posi-
tion, different atmospheric conditions and a number of other
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reasons, the auxiliary data was matched to the main TM image
data. For each corresponding band of the two TM image data,
the linear regression analysis was performed in the cloud-free
region. Using this linear regression model, the auxiliary TM
image data was transformed.

Fig. 4 is the cloud region enhancement result calculated by
the above model. Fig. 4 shows that the difference between thick
cloud region and other region is very clear. Using a simple
threshold, we can distinguish thick cloud regions and other
regions; moreover the range of the usable thresholds is rela-
tively big.

Fig. 4 Enhancement result of cloud regions

In this paper, two threshold values of 30 and 50 were used to
compare the two result images and analyze the influence of
selection of different threshold value. The analysis result shows
that the change between two result images is less than 0.05% of
the entire image area.

Cloud shadow extraction method is more complex than the
thick cloud extraction method. Because the change of the spec-
tral characteristics caused by cloud shadow is very little, some-
times it is confused with the change caused by land use/cover
change. So this paper suggests the combined method of cloud
shadow enhancement model and conventional unsupervised
classification method to extract cloud shadows.

From Fig. 3, the differences between the changes of the
spectral characteristics caused by cloud shadows and the other
changes in the cloud free region are as follows:

First: the reflectance values of the band 4, 5 and 7 are sig-
nificantly reduced.

Second: In cloud shadow regions, the reflectance value of
the band 1 is reduced, but in water regions, the reflectance
value of the band 1, 2 and 3 is increased.

The spectral characteristics of water regions and cloud

shadow regions in Landsat TM image data are similar. So, in
order to extract cloud shadow regions, firstly water region must
be extracted. Based on the above change features of the spectral
characteristics, the cloud shadow enhancement model is de-
signed.

SAEM = SDFx[(Bauxs—Brets)+ (Bauxr—Brefr)1/2 (5)

3
SDF=Sign(1-Sign(Q_Sign(Bgefi ~ Bauxi) —2))  (6)
i1

where Bgesi: the i band’s gray value of the main data; Bay: the
i band’s gray value of the auxiliary data; SAEM: Shadow area
enhancement model; SDF: Shadow discriminate function;
Sign(): the sign function which extracts the sign of a real
number.

If the values of the band 1, 2 and 3 of the main TM data are
higher than the one of the auxiliary data, SDF = 0O (it is water
region); otherwise, SDF=1 (it is not water region).

Among the region in which the reflectance values of the
band 5 and band 7 of the main TM data are reduced, if it is not
water region (SDF=1), SAEM value would be high.

The cloud shadow enhancement image calculated using the
above model also contains the spectral characteristics change
region caused by land use/cover change. In Fig. 5, the pink
regions are thick cloud regions and the green regions are likely
cloud shadow regions.

In order to distinguish between cloud shadow regions and
the spectral characteristics change regions caused by land
use/cover change, this paper used unsupervised automatic clas-
sification method.

For the result image calculated using the SAEM model, the
threshold operation was performed and as a result, the likely

Fig. 5 Enhancement result of cloud and shadow region in
August 22, 2007
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cloud shadow regions were extracted. For these result regions,
unsupervised classification was performed using Landsat TM
original image data. Because each band’s spectral characteris-
tics in the cloud shadow regions are different from the one of
vegetation, bare soil and other types of land use/cover category,
the cloud shadow regions can be separated from the other land
use/cover change regions by using conventional unsupervised
classification method.

For different cloud thickness, different land use/cover types
and different atmospheric conditions, although the extent of
such change in spectral characteristics may not be the same, but
such change tendency always exists and in the images obtained
under better atmospheric conditions, such tendency is more
pronounced. Based on this principle, it is possible to obtain
cloud free or cloud influence minimized Landsat TM image
data using two or more Landsat TM image data of the same
period or the same season in different years.

3.3 Automatic cloud removal process

The overall process of cloud influence removal or reduction
is shown in Fig. 6.

For two Landsat TM image data of the same period or the
same season in different years, the image registration and image
matching operation is performed. In the cloud free regions, for
each pair of the corresponding bands of two Landsat TM image
data (one is a main data and another one is an auxiliary data),
linear regression analysis is performed and as a result, the new
auxiliary TM image data matched with main data is obtained. It
can reduce the influence caused by different sun position, dif-
ferent atmospheric conditions and some other conditions.

Using the above cloud enhancement model (CAEM) and
cloud shadow enhancement model (SAEM), using unsu-
per-vised classification method and using the Modeler module,
the programming Model Maker, in ERDAS IMAGINE 9.2, the
cloud and its shadow region enhancement image can be calcu-
lated from the original TM image data

Landsat TM data preprocess
¥
Extraction of the cloud region using CAEM

Extraction of the likely shadow region using SAEM

!

Extraction of the non-shadow region using
unsupervised classification

v

Pixel replacing in the extracted result region

v

Extraction of the cloud free Landsat TM data

Fig. 6 Diagram of automatic cloud removal

© 1994-2010 China Academic Journal Electronic Publishing House. All rights reserved.

And then using the newly calculated auxiliary TM image
data which is matched with the main TM image data and cloud
and its shadow region enhancement image, pixel replacing
process is performed in the cloud influence regions. As a result,
the new TM remote sensing image data in which the cloud in-
fluence is removed or reduced is obtained. This process is
shown in Fig. 6.

4 RESULTS AND ANALYSIS

Using the cloud influence enhancement model CAEM and
SAEM described in part 3.2, through the cloud removal process
described in part 3.3, the cloud free Landsat TM image data
was obtained from the August 22, 2007 Landsat TM image data.
Fig. 7 shows the band 5, 4 and 3 color composite image of the
result image data. The result shows that cloud and its shadow
was removed. Fig.8 is the entire reswlt of the study area.

(b)

Fig. 7 Cloud free TM image

(a) Cloud and shadow region; (b) Cloud free image

http://www.cnki.net
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The content of the non-shadow region among the shadow
enhancement image calculated using SAEM model is as fol-
lows: (1) paddy regions, specifically, in the 2006 year TM data
(auxiliary data), rice was already planted, but in the 2007 year
TM data (main data) rice was not planted yet in paddy fields. It
is similar to a paddy in water region. Such effect is rather good
for the automatic classification of paddy fields because its nature
is not water, just paddy; (2) tideland region and water bod-
ies; depending on the water elevation change, some regions
may be enhanced as shadow. Through unsupervised classifica-
tion, such regions can be distinguished with shadow regions.

Fig. 8 Entire cloud free TM image

5 CONCLUTIONS

Using two Landsat TM image data on August 22, 2007 and
August 19, 2006, the study on the removal method of the cloud
influence was performed in the central and western region of

the Korean Peninsula. The result shows that: The above method
can effectively remove or weaken the cloud influence and the
process is relatively simple. Moreover, in the process, it does
not need any strict threshold value adjustment. It needs only the
spectral characteristics of the Landsat TM image data. It does
not need any other information. So, for another regions, another
times Landsat TM image data, the above-mentioned process
can be automatically applied.

Although this study used only two Landsat TM image data
to remove cloud influence, but in order to obtain better result, it
can be used more than two Landsat TM image data.

Above-mentioned operation is performed in each pixel as a
unit, the requirement of an image registration is very strict and
in order to obtain better result, it needs high-precision topog-
raphic correction, atmospheric correction and image matching
operation.
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