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Tone Mappingand Blending Method to Improve
SAR Image Visibility

Satoshi Hisanaga, Koji Wakimoto and Koji Okamura

Abstract—It is possible to interpret the shape of buildings high peaks with small spatial extensions. An edge-preserving
based on synthetic aperture radar (SAR) images acquired using filter has also been investigated for use in displaying images
airborne SAR systems. However, the pixel values of SAR images yith high dynamic range intensity[7]. However, the edge-
have a high dynamic range intensity, and SAR images cannot be . f . ! ..
displayed without dynamic range intensity compression. Thus, preserving fllter'smoothes OUI.areaS V\,”thou.t edges, and it is
we have developed a tone mapping method and a blending therefore not suitable for SAR images in which the edges are

method. Using our method, the tone of SAR images becomesnot clear. We had developed the method adopts a different

seamless with no intensity gap. compression level for each area[8]. However, the method
Index Terms—synthetic aperture radar, visualization, dy- has the drawback that gaps occur in the border areas with
namic range intensity compression. different tone mapping. We developed a blending method
capable of displaying seamless SAR images without intensity
I. INTRODUCTION 9aps.
SAR images are used to observe the shape of ground Il. SAR IMAGE

structures during damage assessment after a disaster. T 1. 1 shows an example of a SAR image. The left side of
intensities of backscattered microwave pulses are reflecﬁa1 g P ge.

. ; figure is an aerial photograph taken by the Geographical
from the _ground and expressed in SAR images as p'@frvey Institute of Japan in 2007. The right side of the figure
values. Pixel values are lower over flat ground. However

S a graph illustrating the pixel values of the SAR image in

. . ) |
pixel values increase in some cases due to backscatter; . . .
from metal objects. This indicates that the pixel values ha\tllgg z axis. According to the aerial photograph, the upper

a high dynamic range. The conventional method used *-

display SAR images contains a drawback: without compre ~ mage Cocrdinate Axis
sion of intensity with dynamic range, SAR images cannc
be displayed with adequate contrast. Furthermore, the pi:
values of SAR images contain speckle noise. This means t
the intensity of SAR images partially changes at randor
Although studies have looked into both multi look method
and backscattering estimation methods as a means to add
this issue, there seems to be no established method to el
speckle noise[1], [2].

Thus, we treated an SAR image as a high dynamic ran
image (HDRI) and conducted studies to improve the visibilit
of an HDRI. A previous study on an HDRI display systen
was conducted by Seetzen[3]. The study also investigal  § Tietal
the distinctive threshold of the human visual system. It we Features of Observed Surface 3D Graph of SAR Image
found that 1,200 is the maximum number of distinguishab {Using an Aerial Photograph Taken by
. . . . Geographical Survey Institute in 2007)
steps in brightness that humans can perceive on a display,—,
[5]. This restriction implies that the dynamic range of inten,gig. 1
sity has to be compressed to within 1,200 steps, while at the

allows ertificial obje_cts to_remain interpretable. Lamber_s 8lLilding. Additionally, there are four square metal regions
al. applled_several intensity compression methods designgeh a metal pipe on the roof. One-third of the SAR image
Their evaluation results demonstrated the need to develgixtions containing metal materials. Arrows A and C in Fig.
methods tailored to multiplicative speckle and the presence pkhow the intensities of these metal materials. Fig. 1 shows
Manuscript received , 2011. the intensity graph of the square region, which is expressed
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. . . \
of intensity compression. \
Fig. 2 shows the results of dynamic range intensity com- \
pression using general methods. In Fig. 2, the left image is \
the result of using the gamma compression method. These ' \
images are unclear. The results obtained using the gamma

compression method are unclear because of a high peak,

while arrow A in Fig. 1 and high peaks in Fig. 2 are  pixel Value Comparison

also not clearly displayed. The middle figure is the result

of using the histogram equalization method. In Fig. 2, theg. 4. Reion Growing Method

square objects can be interpreted using the results obtained

from the histogram equalized compression method. However,

other objects cannot be distinguished from image noise. Thrclear, applying a clustering method using a threshold level

right figure, which shows the result of using the bilateras not suitable.

filter, is also unclear, although the square objects can bewe adopted an approach to cluster pixels together that

distinguished. However, other objects have low intensity. show little difference in their intensities. Fig. 4 shows a
region growing method. Using this method, the system

I1l. INTENSITY COMPRESSIONMETHOD clusters artificial objects within an area.

We focused on the fact that large changes in pixel vaIuesF'g' 5 shows the clustering method. First, in order io

occur around regions containing artificial materials. HoweverFduce a sz.i” gap in the _p|xgl values, the system pro-
fssses summit levels operating in an SAR image. Formula

Pixel Value Comparison

the pixel values representing artificial materials are not simj-". . . : .
lar to speckles and high peaks. Thus, we used an approach Olljgstrate_)s this S““_‘m" Ieve_Is operation. In formula_l, s

clustering the changing pixel values by area with the purpogbe |nt_en5|ty, and N is the ne|ghbor_hoo_d. The summ!t level
of detecting areas containing artificial materials. We als%oer.atlon r_eplacgs the small_gap in_pixel yalues with the
applied an intensity compression method at different levfidximum intensity of.the ne|ghborhood. Fig. 6 ShO\.NS an
in each area. The system also blends the intensity of clust @mp!e of the ;ummn level o_peratmn. The left secthn of
to display SAR images without a difference-of-intensity ga, '9. 6.IS a SAR 'mage. In the image, there are gaps in the
(See Fig. 3). We begin by describing the clustering meth nfensity of the pixel values because the pixels alternately

and the compression method we developed d[8]. We tht € Iargﬁ an? small Val_??s‘ 'I;he rlgh;c_sec_tlon ﬁf E'Q{'h(; shows
describe the blending method. e results of a summit level operation in which there are

no gaps in intensity in order to prevent the occurrence of

clustering.
A. Clustering Method

The problems inherent in the use of clustering for SAR
images are as follows.

I(X,Y) = Maz{I(X',Y")|(X",Y') e N(X,Y)} (1)

Next, the system operates a Laplacian filter for the image

« Speckle noise appears on SAR images. in order to detect large changes in pixel value. To choose
« High peak noise appears on SAR images. the position of an artificial material on a SAR image, the
« The intensity of artificial objects is uncertain. system clusters gather into areas with high pixel values due

Based on these problems, there is a difference in ttee Laplacian processing and k-means clustering[9]. The k-
intensities of artificial objects and neighborhoods without means method is used due to its effectiveness in clustering
clear edge. Because the intensities of artificial objects atiscrete points. The system determines the area of an artificial

(Advance online publication: 24 August 2011)
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B. Intensity Compression Method

For a SAR image, the general intensity compression
material on a SAR image using the region growing methagethod for electro-optical images is not suitable. We used
(See Fig. 7). two approaches for SAR image intensity compression.

Since the operation for stopping a growing region at a The first approach is a histogram equalization method
threshold of intensity is not fixed, we attempted to fix théor increasing contrast. The second approach uses both
threshold of intensity using the number of the pixels in then estimation method for image noise levels and a linear
cluster. Fig. 8 shows the relationship between the numbatensity compression method. In this way, we assume image
of pixels in a cluster and the threshold of intensity. Thaoise as a small region with high peak intensity. Because, it
number of pixels in a cluster increases with a decreaseiassumed that the number of higher intensity pixels which
the threshold level. We considered that an increase of pixélslong to noise is less than the number of high intensity
in a cluster results from a connection of areas with artificiglixels which belong to metal objects. The detection rate of
metal with other areas. In Fig. 8, the area with artificial met#he metal object can be improved by this assumption, though
is fixed using threshold B. For threshold A, the number dhe possibility of underdetecting the noise increases. Fig. 10
pixels is not sufficient. On the contrary, for threshold C, thehows a histogram of the artificial metal area shown in Fig.
cluster includes unnecessary pixels (See Fig. 9). 9. The system determines a pixel value as the threshold of
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noise, where théncline of the histogram for the pixel level shows the conversion result. The right of the figure shows the
becomes more than the determined value. In the exampmge, which was transformed by our method. The border of
shown in Fig. 10, the threshold becomes 1,935 pixels. Tdéferent ranges was smoothed. As a result, the gap between
system compresses the intensity in the area of the artificihk areas became seamless, as shown in the left of the figure.
metal using the equalization method with an intensity of less

than 1,935 pixels.

Fig. 11 shows the effects of using a low-pass filter. Diffei
ences in intensity less than the threshold become visible. F
12 shows the results of intensity compression. The left-sii
of Fig. 12 shows the results of histogram equalization in ¢
entire image for comparison. The center of the image is tl
result of histogram equalization in an artificial metal are:
The right image in the figure shows the results of intensit
limited linear equalization. Histogram equalization results i
noise throughout the entire image. Both the results fro
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IV. EXPERIMENT RESULT
) i The tone mapping result is shown first. The images on the
Redont 4, RN left of Fig. 15 show the area where the artificial material is
&um' detected.
Histograim Equalization| Histodram Equalization | Intensity limited The experimental results are as follows: of the eleven

in lmage in Region Linear Equation . N .
# artificial material clusters detected on the SAR image, two

clusters ((a6) and (bl) in Fig. 15) were larger than the
artificial materials, while one cluster ((c) in Fig. 15) was
smaller. The area a6 in Fig. 15 became large because the
i [ g region-growing method did not end due to small differences
Histogram Equalization| Histogram Equalization | Intensity linted N intensity around the objects. With cluster b1, the minimum
in Image in Region Linear Equation — hounding rectangle became large because both the height
and width of the area were high. In contrast, cluster ¢ had a
high peak pixel as the starting pixel of the region of growth;
therefore, ¢ stopped at the high pixel value. A small region
) containing artificial material was not detected ((d1), (d2),
C. Blending Method and (d3) in Fig. 15) because the areas of high intensity were
The intensity gap at the border of clusters that are segmall and well separated in location.
arately compressed is very prominent because the range ofhe right figure shows the results of high dynamic range
intensity is different (Fig.13). We focused on the Alfa blendintensity compression. The edges of the artificial material
ing method, which is used to synthesize images. Howevare displayed more clearly than in the case in which the
it is aimed at synthesizing different images. In our methoéhtensity compression image (shown in Fig. 2) is obtained
the same image was the object of the synthesis, although tisng general methods.
range of intensity was different. We assumed that the method~or clusters al-a6 in Fig. 15, the amount of noise de-
to synthesize the pixel values was linear, but the method eeased and the contrast increased. In particular, the edge of
conversion gradually increased the range of intensity. Fig.iHe artificial metal objects became clearer around a4 and a6.

Region2

Fig. 12. IntensityCompression Results
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' Clustering Result

For clusters al, a2, a3, and a5, the edges of the artificzs0=s
metal objects were not very clear due to noise on the S#
image. However, the location of the metal objects becar
clearer as the intensity of the area without metal objects w
reduced. The noise decreased with clusters b1-b4. Howe\:ome«
the contrast did not increase sufficiently. Thus, at a lo
contrast, the intensity of the metal objects did not have
high value compared with the neighboring areas around t 84
b4. The system compressed the intensity of the area witht
detecting artificial metal using linear method.

Fig. 16 shows the pixel value of the area where the mefa$- 18- RangeConversion Resuit by Our Method
was not detected. At the center of the image, there is an
area where a high peak is seen. This pixel has the possibility

2.000e+3

1500e+3

of indicating metal. Other pixels did not have a high value. The blending result is shown next. Fig. 17 shows differ-
During tone mapping, the noise level was estimated from tie@ces of the dynamic range in the tone mapping results. The
histogram for this area. largest area did not require tone mapping. The largest area
was assumed to be a standard range. The range of some
Intensity areas was wider than that of the standard, while the range

High Peaks . . .
Fig. 19 is less than that on the left of the figure.

V. CONCLUSION

. of other areas was narrower than that of the standard. The
range was converted by our method, as shown in Fig. 18.
This indicates that the range difference in the borders of the
area was gradually changed. Intensity gap on the right of

We developed a dynamic range intensity compression
method suitable for SAR image features. The main feature
of our method is that the system applies a different level
compression ratio to each area. The visibility of SAR images
was improved using our method. However, there was a
problem of under-detection using the clustering method. The

gap does not disappear completely because the shape of the
area does not correspond to the metal shape. In future work,
Fig. 16. Intensityof Area Without Metal more research is required on the clustering of artificial metal

objects in SAR images to further improve visibility.
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Fig. 19. Tone Mapping and Blending Result
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