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- ghattle Imaging Radar (SIR)-A image in the south of Tianjin acquired by the SIR-A in November 1981 was
terpretec] manually and with the aid of a computer system. The methods of processing involved density slicing with
tistical training, producing normalized false color composite images through coregistration of the SIR-A and Landsat
55 image data sets, and unsupervised clustering, The interpretation keys for the SIR-A image were established after
estigation in situy and analysis of soil dielectric and moisture properties. The interpretation accuracy for various
wes was determined by using a combination of color infrared aerial photography and land use maps acquired
ently. The research indicates that the SIR-A data can remedy some defects of Landsat MSS data due to the SIR-A"s
ter response to residential areas and linear features. The SIB-A/Landsat MSS normalized composite image

siiary 1986.

troduction

The first shuttle-based radar images
th high resolution were acquired by the
uttle Imaging Radar (SIR)-A which was
the Space Shuttle Columbia in
ovember 1981 (Elachi, et al, 1982).
her investigators have obtained some
portant results from the SIR-A images
i the past several years. For example,
¢y revealed previously unknown buried
illeys and other geologic structures un-
r the drift sand of the eastern Sahara
cCauley, et al., 1982). In November
83, the feasibility of using SIR-A images
r land use investigation were studied in
sombination with investigating the land

source of Tianjin areas. The test site
as selected at Tangguantun, county
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rporated the strong points of both. The interpretation accuracy, therefore was increased.

Jinghai, Tianjin. The original SIR-A image
in the south of Tianjin is shown in Fig. 1,
in which the test site is indicated by the
white frame which covers an area 20.5X
20.5 km. The test site is located in the
alluvial plain of the western part of the
Bohai Bay with smooth terrain and land-
form features of a typical agricultural area
in north China.

The Dependence of the SIR-A
Image Creyscale on the Soil Dielectric
Properties and Surface Characteristics

By in situ investigation, the investiga-
tors found that the distribution of crops -
and the condition of irrigation at the test
site were similar in recent years. The
same season, in which the SIR-A acquired
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the radar images around the world, was
chosen for the field investigation and
sampling. The complex dielectric con-
stant of soil samples and soil moisture
were measured, and the greyscale values
of the SIR-A image corresponding to the

of the SIR-A Image

FIGURE 1. The original SIR-A image in the south of Tianjn,
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areas sampled were also measured by a
reflective densitometer (the value of ref-
erence standard white plate is 5.90 and
the value of black plate is 4.28). The data
measured from six areas are listed in Ta-
ble 1; five to ten samples were taken in

TABLE 1 The Complex Dielectric Constant of Soil Samples, Soil Moisture and the Greyscale Values

COMPLEX DIELECTRIC
Tre NUMBER ConsTaNT SoiL
orF SoIL TerES OF MomstUrE GREYSCALE
SAMPLES LANDCOVER g £ . Ms (vor. %} Varve G
Tj-1 cropland covered
by winter wheat 4,30 0.155 153.35 528
Tj-2 harvested cropland 3.29 0.131 9.74 483
T3 harvested cropland 361 0.142 12.24 524
Ti-4 harvested cropland 3.45 0.139 10.83 5.02
Ti-5 cropland with
salinized soil 3.59 0.14% 11.52 5.i0
Tj-6 cropland covered .
by winter wheat 419 0.147 14.26 5.43
[—
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\gach area, and the data in Table 1 are on
” the average. Figure 9 shows some of the
* qampled areas.
The experiment demonstrated that
there exists an evident plus correlativity
petween the greyscale value of the SIR-A

image G and both the complex dielectric

ared by a
due of ref-
5 5.90 and
1. The data
sted in Ta-
re taken in
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constant of soil (real part ¢’ and imagn-
ary part ¢’) and soil moisture M the
corresponding regression equations are

G = 3.4446 + 0.4582¢, (1a)
G =2.4391+18.8474¢”,  (1b)
G = 4.0589 +8.8537M . (1c)

{0

FIGURE 2. Photographs taken in situ {Nov. 1983, Jinghai, Tianjin): {a) harvested cropland

543

(Tj-3); ¢b) cropland with salinized soil (Tj-5); (c) cropland covered by winter wheat {T§-6).
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acteristic. A rough surface is char-
acterized by bright tones, and a smooth
surface is characterized by dark tones.
According to the criterion of surface
roughness defined by Peake and Oliver
(1970), if the height of surface h is

A

hy < 25¢cos )’ (3a)
the surface is smooth; if
A

hy > 4.4cos8’ (3b)

the surface is rough. Here A = the wave-
length of radar and @ = the incident an-
gle of radar beam. For the SIR-A, A =
23 cm, 8 =50+3° so, h; =14 cm and
H,=80 cm. As a result, most of the
farmlands in the test site are moderately
rough; however, trees, canals, and roads
appear to be a fully rough (the Peake and
Oliver roughness criterion do not apply to
volume scattering objects such as trees).
The canal systems that had similar surface
roughnesses displayed different tones in
the 5IR-A image because the intersection
angles between the run of these canals
and the direction of the radar beam are
not alike. Particularly, when a canal’s

. slope becomes a surface facing the radar

head-on (the intersection angle is 90°),
cne can see a bright line on the SIR-A
image. The residential areas strongly
backscatter the radar signals either be-
cause the walls of buildings form corner
reflectors with the surface or because of
the abundance of metallic structures, or
both. Being very bright and irregular,
scattered all over like stars in the sky, the
residential areas on the image are one of
the obvious features in the SIR-A image.
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The SIR-A Image
Interpretation Key to Land Use Types

The nine typical types of land use at
the test site were classified and verified in
situ. The SIR-A image interpretation keys
for land use classification were estab-
lished as shown in Table 2.

The SIR-A Image
Processing by Computer

With the I®S 101 Image Processing
System and a density slicing program with
statistical training, the investigators
processed the SIR-A image. Figure 4 is
the SIR-A black and white image of the
test site after accurate geometric correc-
tion. Figure 5 is the SIR-A color density
slice image with five levels. After these,
coregistered SIR-A and Landsat MSS data
sets were studied extensively. A topo-
graphic map (scale is 1:100,000) was used
as a control base with a pixel size of 40 m.
Seven targets were selected as control
points in both images and the map, re-
spectively. These control points formed a
triangle control grid. The pixel position of
each control point was read respectively.
The control points of both images were
regarded as input pixels, respectively, the
control point of map was regarded as
output pixels, and finally, the accurate
geometric correction to the both images
were achieved through a warp program.
Then, the pixels of the both images were
made to correspond one by one on the
new coordinate grid, the coregistration of
the SIR-A image with Landsat MSS image
was accomplished. Several programs of
image processing within 512 % 512 pixels
were used further; e.g., Landsat MSS (4,
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TABLE 2 The SIR-A Image Interpretation Keys for Land Use Types in Tangguantun

TYres

Tue InTERPRETATION KEY

Expramarion

Dry land

Trrigated land

Vegetable plot

. Orchard

Pond

River and Canals

Highway

Railway and
fransmission
towers

Residential areas

appears as a stretch of dark tones with
large areas and uniform texture

appears as a medium tone on the dark
side image, in which there are large
numbers of white and thin lines

similar to the irrigated land and often
difficult to distinguish alone

appears as a rectangle bright white tone
image and the shapes are generally
regular; sometimes it may be confused
with residential areas

it appears as a deep dark tone spot with
uniform smooth texture; sometimes, it
is similar to a small dry plot

a bright line or a dark belt sandwiched
between the two of bright lines on the
image

a bright line on the image and may be
confused with canals, but it can be
distinguished on the basts of its refative
positions

brightest for the railway and a row of
bright dots keeping an equal distance
each other for the transmission towers

there are many bright and irregular
“sparkles” spots on the image

The dielectric constant of seil is lower due to
dryness and the surface roughness has no serious
effect on the image due to flatness and the
absence of crops cover

The dielectric constaat of soil is bigher than that of
dry and because of moist ol and a covering of
winter-wheat seedling. Many small gatters were
dispread over the irrigated lang

The soil is very damp. Many small gutters and the
ridges of vegetable bed are dispersed over the
vegetable plot

The surface roughness is very high due Lo fruit trees
and it produces strongly returned echo. Also,
being a volume scatterer, the orchard presents a
greater demsity of plant interfaces for reflecting
than does a simple rough surface

Low returns are received from water surfaces which
act as specular reflectors

The earth-filled dams or shelter belts which lie both
side of rivers and canals produce styong returned
echo. If water surface or flood land is wider than
the sensor resolution (40 m), the pattern, in which
a dark belt is sandwiched between the two of
bright lines, is formerd

The shelterbelt which lie on both sides of the
highway are so crowded together that they pro-
duce strong returned echo.

The metallic structures are excellent reflectors for

electromagnetic wave. The surface along the
raifway line is very rough

A particularly bright response results from a corney
reflector, in this case, adjacent smooth surfaces,
i.e., the wall and ground, cause a double reflec-
tion that vields a very high return. Otherwise,
there are many trees around the towns and
villages .

5, 7 bands) standard false color com-

posite, standard false color composite
using SIR-A image instead of MSS 5 band,
producing three new greyscale images
through a normalized processing to the
SIR-A image and MSS 4, 5, and 7 band
images, respectively, as expressed in Eq.
(4). Then, conducting the normalized false

color composite,

M,-S
_ 4
N =3 5T M, ST M, 5 (42)

N . MS'S
2= M, S+ M, S+ M, 8’

N = M,-S
3= M, S+ M-S+ M;S’

(4b)

(4c)
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FIGURE 8. SIR-A/Landsat MS3S 4, 5, 7 band normal-
ized color composite image {originally in color).

various images (see Figs. 7 and 9). The

results indicated that the normalized color .

composite image can classify six types
effectively, involving dry land (sky blue),
irrigated land (pink, yellow and blue, criss
crossed), vegetable plot (green), reed
marshes (pink, with large area), resi-
dential area (purplish red), and linear fea-
tures (purple and cyan line). This image
is in an advantageous position for both
classifications effect and resolution com-
pared with MSS false color composite
image and SIR-A color density slice image.

The Effects of Land Use Interpretation
and Accuracy Analysis for Various Images

On the basis of various images, the
land use interpretation map (1:100,000)
of a part of the test site, surrounding
Tangguantun town, had been done re-
spectively to compare their effects to land
use direct interpretation. The accuracy
analysis of three interpretation maps were
conducted according to 208 sampling

L. JIYUAN ET AL,

FIGURE 9. Cluster classification result of Fig. 8 (origi-
nally in color).

points selected evenly in the grid and
compared with large scale color IR aerial
photography (1:50,000) and land use maps
acquired recently. Figure 10 illustrates
the land use interpretation mapping. The
analysis results of three images are given
in Table 3.

Obviously, it is impossible or ditficult
to distinguish the orchards, ponds, and
residential areas on the Landsat MSS
standard false color composite image (Fig.
6), and the interpretation results for dry
land, vegetable plots, rivers, and canals
are not good. Especially, many small

branch canals cannot be seen due to poor”

spatial resolution. Similarly, it is also im-
possible or difficult to distinguish the
orchards, ponds, and vegetable plots on
the SIR-A density sliced false color image
(Fig. 5), and the classification accuracy of
residential area is not high because the
irregular spots of residential areas on the
radar image causes some mistaken inter-
pretation. On the SIR-A/ Landsat MSS
normalized composite image (Fig. 8),

1.AND USE
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however, the clagsification accuracy is
higher except for orchard and vegetable
plot. This normalized composite image
setains not only the spectral reflectance
characteristics in the bands of visible and
near infrared, but also the backscatter
~haracteristics in the microwave band. In
sddition, it has both higher resolution and
sidelighted features from the SIR-A image.
The information content of this image,
therefore, is increased considerably in
comparison with MSS and SIR-A images.
The classification accuracy is increased
from 73.6% and 74.0% to 81.7%.

Conclusions

In short, the SIR-A image has both
higher resolution and sidelighted fea-
tures, and it can remedy some defects of
Landsat MSS data, especially, showing
residential areas and linear features
clearly. The digital image processing
methods mentioned above, ie., the
coregistration of the Landsat MSS images
and the SIR-A images as well as the nor-
malized composite, provide a valuable
illustration about the feasibility of using
the SIE-A images for land use investiga-
tion.
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