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Abstract. A new method about the extraction of cirrus cloud and its shadow from
multispectral imageries was proposed in this paper, which based on the reflection
characteristics, shape and position relationships of cirrus cloud and its shadow.
First, analyzed their reflection characteristics, and then used two thresholds to
attain the general regions. Second, based on their shape and position
relationships, used the dilation operator and image shift method in turn to attain
their accurate regions. The new method was tested with the imagery of HJ-1A/B
in Fuling Chongqing, and compared with the traditional methods was the best.

Keywords: Extraction of Cloud and Shadow, Imagery Processing,
Environmental I Satellite Imagery.

1 Introduction

Usually in optical remote sensing imageries, the cirrus cloud (thick cloud as well) and
its shadow form cloaks on the ground, which makes bad influence on the extraction of
land surface information. The bad influence reflects in two aspects. Firstly, they make
absolute photography blank under the cirrus cloud [1], so that reduce the amount of
information in the imagery. Secondly, the color and grey-scale of the features in the
imagery that surrounded by the cloud or its shadow would be affected, it makes their
pixel characteristic different from the similar features’. China had launched
Environment I Satellite (HJ-1A/B) in September, 2008, which load the CCD camera
with four bands (blue, green, red and near infrared). The resolution of the satellite is 30
meters, and the capacities of widely imaging and four-day revisit make the imageries
widely used in various field, such as environment protection, agriculture, land and
water resources [2]. So it’s necessary to remove the cirrus cloud and its shadow in the
imagery for use in practice.

2 Methods

2.1 Image Characteristic of Cirrus Cloud and Its Shadow

Based on principles of remote sensing imaging, we can analysis the reflection
characteristic and geometric characteristic of cirrus cloud and its shadow in the image.
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The cirrus cloud and its shadow differs a lot from other features in the aspect of
reflection characteristic, their grey-scales in the imagery are very different. The cirrus
cloud has so strong reflection that it shows very high brightness in every band image,
and the shadow is completely opposite. Other features like water, plant, bare ground
and constructions, they all show different brightness in each band image. One of cirrus
cloud and its shadow’s geometric characteristic is that they both can be described with
big area, the ‘big’ means they may covers dozens of pixel in the image with resolution
of 30 meters. Another important geometric characteristic is that the cirrus cloud and its
shadow appear parallel in the image and have similar shapes, as the shadow is formed
from the cirrus cloud [3].

2.2 Traditional Methods

We commonly set thresholds to extract the cirrus cloud and its shadow based on their
reflection characteristic. After repeated test on satellite images of SPOT, IKONOS and
Landsat, an empirical formula have been commonly used to get the thresholds 7, and
T hadow as follow [4]:

T(‘loud=m+u (1 )

T, =m-u 2)

shadow

In the formula, m represents the mean value of the gray scale image, and u represents its
standard deviation value. An improved method upon the threshold method is decision
tree method, which set different thresholds in different bands to attain the accurate
region step by step [5]. The shortage of threshold method is that its extracted region
relies on the threshold so much that it always results in oversize or undersize. Another
method takes the geometric characteristic into consideration, based on the thresholds
extraction result and the assumption that cirrus cloud and its shadow can be described
with a closed irregular curve, and then uses the dilation operator in mathematical
morphology and contour tracking to extract the region [6]. This method is short for the
detection of noise of other features in the origin extracted region of cirrus cloud and
shadow, which may results in an inaccurate answer. To detect the noise, for the area of
cirrus cloud is usually quite big, so someone thinks part of the extracted region that is
composed with few pixel should be seen as noise and to be removed [7]. This detection
method is good in that it can remove some construction and small water body features,
but in the contrast, it may remove some cloud pixels from the cloud boundary.

2.3  New Methods

In this paper, an improved method about the extraction of cirrus cloud and its shadow is
proposed, which based on the reflection characteristics, shape and position
relationships of cirrus cloud and its shadow. First, analyze their reflection
characteristics, and then use two thresholds to attain their binary images of the general
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regions. Second, use the dilation operator and image shift method with the extracted
cloud based on their shape and position relationships. Then, get the accurate shadow
from the intersection of the origin extracted shadow and the shifted cloud to get rid of
other features. Last, use the dilation operator and reverse shift with the accurate
shadow, and get the accurate cloud from the intersection of shadow and origin cloud.

3 Materials and Result

In this paper, the improved method is tested with the experimental data of a satellite
imagery of HJ-1A on August 28, 2011. After layer stacking and radiometric correction
process, the imagery in Fuling Chongqing is cropped. This image contains water body,
city with constructions, mountain with plant and bare ground, and also contains two
pieces of complete cirrus cloud and its shadow, which are on the lower right of the
image, that probably makes the image suit for verifying the precision of extraction by
improved method.

Fig. 1. Imagery of HJ-1A Fig. 2. Imagery in Fuling

Table 1. The Grey-scales of Features in Four Bands

Band Cloud Shadow Water  Constructions  Plant  Bares
Bandl blue 4 1 2-3 3 1-2 3
Band2 green 4 1 2-3 2-3 1-2 3
Band3 red 4 1 3 2-3 1 3
Band4 near infrared 4 1 1 1 3 3
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If the grey-scale is divided into four levels, 1 represents the darkest and 4
represents the brightest, the gray-scales of features in four bands are various as listed
in Table 1. From the table we can see the grey-scales of features are similar in visible
spectrums (blue, green, red), but are very different from the near infrared spectrum.
In this paper, we multiply the 1, 2, 4 band to enlarge the grey-scale difference
between features. In the new image, the gray-scales of features have changed as
listed Table 2.

DN(b1b2b4)=DN(Band1)*DN(Band2)*DN(Band4) 3)

Table 2. The Grey-scales of Features in Multiple Band

Band Cloud Shadow Water Constructions Plant Bares

B1*B2*B4 4 1 2-3 2-3 2-3 3

T.oua can be used to extract the rough region of cirrus cloud which is calculated with
Formula 1. Because the mean value is less than the deviation value, we get the T;.40.
with Formula 2 from the image in which the rough cloud region has been removed. The
extracted results are listed in Fig 3 and Fig 4. The result shows that the cirrus cloud is
well extracted, but it still contains a little construction region as in Fig 5. And in the
case of shadow, there is too much extra region of water or plant in the extracted result as
in Fig 6.

Fig. 3. The Extracted Result with T4 Fig. 4. The Extracted Result with Tgad0w
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Fig. 5. Constructions in Cloud Fig. 6. Plant and Water in Shadow

For the extraction of cloud boundary usually is not complete, the next step is to use
the dilation operator with 8-adjacent connection for six times. As the shadow is formed
from cloud, the extracted cloud image is to be shifted to match the shadow image, and
make the intersection of shifted cloud and shadow to attain the accurate shadow region
as Fig 7. Then, dilate the shadow and shift it back to match the origin cloud to make the
intersection and attain the accurate cloud region as Fig 8.

Fig 9 is the layer stacking result of cloud’s binary image, shadow’s binary image and
band?2. The result shows that the noise from other features has been removed from the
extracted region.

Fig. 7. Accurate Shadow Fig. 8. Accurate Cloud
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Fig. 9. RGB(Shadow,Cloud,Band3)

4 Conclusion

The cirrus cloud and its shadow make bad influence on the extraction of land surface
information from optical remote sensing imagery. The traditional method to extract
cloud and shadow takes only their reflection characteristic into consideration so that the
result may contains many other features. The improve method also considers their
geometric characteristic based on the traditional method. It effectively has the noise
from other features removed from the extracted region so that greatly improve
extraction accuracy of the cirrus cloud and its shadow information.
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