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CompressiorMethod for High Dynamic Range
Intensity to Improve SAR Image Visiblility
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Abstract—It is possible to interpret the shape of buildings methods tailored to multiplicative speckle and the presence of
based on synthetic aperture radar (SAR) images acquired using high peaks with small spatial extensions. An edge-preserving
airborne SAR systems. However, the pixe| values of SAR images fijiar has also been investigated for use in displaying images

have high dynamic range intensity, and SAR images are not _ . - - ° .
displayable without dynamic range intensity compression. We with high dynamic range intensity[7]. However, the edge-

therefore have developed a dynamic range intensity compression Preserving filter smoothes out areas without edges, and it is
method suitable for SAR image features. Using our method, the therefore not suitable for SAR images in which the edges

visibility of SARs images has been improved. are not clear.
Index Terms—synthetic aperture radar, visualization, dy- Therefore, we have developed a dynamic range intensity
namic range intensity compression. compression method that is suitable for SAR image features.

The main aspect of our method is that it adopts a different
level compression for each area. Using our method, the

_ _ visibility of SAR images has been improved.
Since synthetic aperture radar (SAR) works under all

weather conditions, SAR images are used to observe the II. SAR IMAGE
shape of ground structures after a disaster for damage as-

sessment. The intensities of backscattered microwave puI§ Sé:ig' 1 shows an example of a SAR image. The left side of
: * i i ial ph h tak h hical
which are reflected from the ground, are expressed in S igure is an aerial photograph taken by the Geographica

) : . urvey Institute of Japan in 2007. The right side of the figure
images as pixel values. Pixel values lower over flat ground. graph illustrating the pixel values of the SAR image in

In some instances, however, pixel values increase dueﬁ : ; ;
; ' . N the z axis. According to the aerial photogra h, the upper part
backscattering from metal objects. This indicates that the g P grap PRerp

pixel values of SAR images have a high dynamic range. The
conventional method used to display SAR images contains
a drawback: without compression of intensity with dynamic
range, SAR images cannot be displayed with adequate con-
trast. Furthermore, the pixel values of SAR images contain
speckle noise. This means that the intensity of SAR images
partially changes at random. Although studies have looked
into both multi look methods and backscattering estimation
methods as a means to address this issue, there seems to b
no established method to erase speckle noise[1], [2].

If we regard an SAR image as a high dynamic range
image (HDRI), we investigated studies to improve visibility
of HDRI. A study on a HDRI display system was conducted  reafres of Observed Surface 3D Graph of SAR Image
by Seetzen[3]. The study was also used to investigate the (Usingan Aerial Photograph Taken by
distinctive threshold of the human visual system; It was ©ecgraphical Survey Institute in 2007)
found that 1,200 is the maximum number of distinguishable, , Example of SAR Image
steps in brightness that humans can perceive on a display[4?,

[5]. It follows from this restriction that the dynamic range off this SAR image seems to show the flat roof of a building.
intensity has to be compressed to within 1,200 steps, while gditionally, there are four square metal regions and a metal
the same time maintaining a sufficient difference in intensitipe on the roof. One-third of the SAR image seems to show
for artificial objects to remain interpretable. Lambers et %Iants on the ground. There are also two sections with metal
applied several intensity compression methods designed fRjterials. The A and C arrows in Fig. 1 show the intensities
optical images toward the evaluation of SAR images[6}t these metal materials. Fig. 1 indicates that the intensity
Their evaluation results demonstrated the need to deve@,@lph of square region is expressed as a mountain shape with
Manuscript received December 28, 2010. a high peak in SAR image. The D arrow in Fig. 1 shows the
S. Hisanaga is with Electric Systems Group, Mitsubishi Electric Corpdntensity of a metal fence. The intensity is not flat along the

ration, Tokyo 100-8310, Japan, and is a student at the Graduate Schodigfice. In addition, there are a few differences in the intensity
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Fukuoka 812-0395, Japan. of the pipe (Arrow B) and flat roof. _ _ _
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Electric Corporation, Kanagawa 247-8501, Japan. compression, gamma intensity compression, and equalized
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812-0395, Japan. ods. Fig. 2 shows the results of dynamic range intensity
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compressiomsing general methods. In Fig. 2, the left image [—&] SAR Image
is the result of using the linear compression method, while []
the middle figure is the result from the gamma compressior v
method. As can be seen, these images are unclear. Howewv Clustering
the right figure, which is the result from using the histogram _ + : l ! b
equalization method, is clear. Formula 1 details the linear ‘ ‘ ' s ‘_
compression method. Imax is the maximum intensity of an a

; oo . ; ; ; 7 1 _ 7 1 1
SAR image and Imin is the minimum intensity. Tmax is the ¥ ' _ : :

i . R . R Intensity Intensity Intensity Intensity Intensity
number of intensity steps used to obtain an intensity cOmM-|compression| |Compression| |Compression| |Compression| [Compression
pressed image. Formula 2 illustrates the gamma compressic ! :
method. In the equalized intensity compression method, thi —.‘ .
numbers of pixels belonging to each histogram bin become - Display Image

g
equal. :

Fig. 3. Fllow of Intensity Compression Method

Seed Pixel Region

Pixel Value Comparison  Pixel Value Comparison

Fig. 4. Region Growing Method

Based on these problems, there is a difference in the
intensities of artificial objects and neighborhoods without a
clear edge. Because the intensities of artificial objects are
unclear, applying a clustering method using a threshold level
is not suitable.

I—1Inin We adopted an approach to cluster pixels together that

Linear Intensity Gamma Intensity qua |i ItnS| ¥
Compression Result Compression Result Compression Result

Fig. 2. Intensity Compression Results by General Methods

(1) = Tmawilmaz I (1) show little difference in their intensities. Fig. 4 shows a
7 region growing method. Using this method, the system
T(I) = Thaz( ) (2) clusters artificial objects within an area.

Tnax Fig. 5 shows the clustering method. First, in order to
In Fig. 2, the square objects can be interpreted using tredluce a small gap in the pixel values, the system pro-
results from the equalized compression method. Howeveesses summit levels operating in an SAR image. Formula
other objects cannot be distinguished from image noisg.illustrates this summit levels operation. In formula, | is
Since the results obtained using the gamma compressihe intensity, and N is the neighborhood. The summit level
method are unclear due to a high peak, the A arrow in Figperation replaces the small gap in pixel values with the
1 and B arrow in Fig. 2 are also not clearly displayed. = maximum intensity of the neighborhood. Fig. 6 shows an
example of the summit level operation. The left section of

I1l. INTENSITY COMPRESSIONMETHOD Fig. 6 is a SAR image. In the image, there are gaps in the

We focused on the fact that large changes in pixel valulseensity of the pixel values bece_luse the_ pixels .alternately
gather around regions with artificial materials. Howevef2ke large and small values. The right section of Fig. 6 shows
pixel values representing artificial materials are not simildhe results of a summit level operation in which there are
to speckles and high peaks. For this reason, we used h9aps in intensity in order to prevent the occurrence of
approach to cluster the changing pixel values by area fgHStering.
the purpose of detecting areas with artificial materials . We j(x v) = Maz{I(X',Y)|(X',Y') € N(X,Y)} (3)
also applied a intensity compression method at different level o )
for each area (See Fig. 3). Next, the system operates a Laplacian filter for the image

in order to detect large changes in pixel value. To choose

. the position of an artificial material on a SAR image, the

A. Clustering Method system clusters gather into areas with high pixel values due
The problems inherent in the use of clustering for SAR Laplacian processing and k-means clustering[8]. The k-

images are as follows. means method is used due to its effectiveness in clustering

o Speckle noise appears on SAR images. discrete points. The system determines the area of an artificial
« High peak noise appears on SAR images. material on a SAR image using the region growing method
« The intensity of artificial objects is uncertain. (See Fig. 7).
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Fig. 10. Histogram of Region

Since the operation for stopping a growing region at a

threshold of intensity is not fixed, we attempted to fix th@" estimation method for image noise levels and a linear
threshold of intensity using the number of the pixels in thift€nsity compression method. In this way, we assume image

cluster. Fig. 8 shows the relationship between the numddise as a small region with high peak intensity. Fig. 10
of pixels in a cluster and the threshold of intensity. ThENOWS & histogram of the artificial metal area shown in Fig.
number of pixels in a cluster increases with a decrease 9n T"€ System determines a pixel value as the threshold of
the threshold level. We considered that an increase of pix8@iseé, where the incline of the histogram for the pixel level
in a cluster results from a connection of areas with artifici@ecomes more than the determined value. In the example
metal with other areas. In Fig. 8, the area with artificial metgoWn in Fig. 10, the threshold becomes 1,935 pixels. The

is fixed using threshold B. For threshold A, the number System compresses the intensity in the area of the artificial
pixels is not sufficient. On the contrary, for threshold C, th@etal using the equalization method with an intensity of less

cluster includes unnecessary pixels (See Fig. 9). than 1,935 pixels. _ _ _
Fig. 11 shows the effects of using a low-pass filter. Differ-

_ _ ences in intensity less than the threshold become visible. Fig.

B. Intensity Compression Method 12 shows the results of intensity compression. The left-side
For a SAR image, the general intensity compressiaf Fig. 12 shows the results of histogram equalization in an
method for electro-optical images is not suitable. We usethtire image for comparison. The center of the image is the
two approaches for SAR image intensity compression. result of histogram equalization in an artificial metal area.
The first approach is a histogram equalization methdche right image in the figure shows the results of intensity-
for increasing contrast. The second approach uses bbithited linear equalization. Histogram equalization results in
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noise throughout the entire image. Both the results fromery clear due to the noise on the SAR image. However, the
histogram equalization and intensity-limited linear equalizdecation of the metal objects did become clear as the intensity
tion are clearer than the results achieved using histograrithe area without metal objects was reduced. For b1-b4, the
equalization. Moreover, the results from intensity-limitedhoise decreased. However, the contrast did not sufficiently

linear equalization are the clearest. increase. For this reason, at a low contrast, the intensity of
the metal objects does not have a high value compared with
Pixel Value Pixel Value the neighboring areas around bl-b4. The system equalized

‘ intensity of the area without detected artificial metal.
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Fig. 12. Intensity Compression Results V. CONCLUSION

We developed a dynamic range intensity compression
method suitable for SAR image features. The main aspect
IV. EXPERIMENT RESULT of our method is that the system adopts a different level
The left-side images of Fig. 13 show detected artificimompression ratio for each area. Using our method, the
material area. The experimental results are as follows: @gibility of SAR images has been improved. However,
the eleven artificial material clusters detected on the SAt®Ro0 problems remain when using a clustering method: over
image, two clusters ((a6) and (b1) in Fig. 13) were largetetection and under detection. For future work, more research
than the size of the artificial materials, and one cluster ((i9 required on the clustering of artificial metal objects on
in Fig. 13) was smaller. The area in a6 of Fig. 13 grew t8BAR images to further improve visibility.
a large size because the region growing method did not stop
due to the small differences in intensity around the objects. REEERENCES
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