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The application of very high resolution
satellite image in urban vegetation cover
investigation: a case study of Xiamen City

CHENG Chengqi, Li Bin, MA Ting
(Institute of Remote Sensing & GIS, Peking University, Beijing 100871, China)

Abstract: With the technological improvements of satellite sensors, we will acquire more information
about the earth so that we have reached a new application epoch of observation on earth
environmental change and cartography. But with the enhancement of spatial resolution, some
questions have arisen in the application of using traditional image processing and classification
methods. Aiming for such questions, we studied the application of IKONOS very high resolution
image (I m) in Xiamen City on Urban Vegetation Cover Investigation and discussed the difference
between the very high resolution image and traditional low spatial resolution image at classification,
information abstraction etc. It is an advantageous test for the large-scale application of very high
resolution data in the future.
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1 Introduction

Beginning with the launching of the first American earth resource observing satellite, through
30 more years' development, the capability and technical parameter have been greatly improved
for remote sensing satellite. As to the spatial resolution, it is enhanced from 30-60 m to
IKONOS 1 m in 1999; as to the time resolution, it is shortened from 15-18 days to 2-3 days;
as to the spatial resolution, it is developed from the original 4 bands of Multi-Spectral Scanner
to 192 continuous spectral bands of High Resolution Imaging Spectrometer (HIRIS). The kinds
of sensors are also increased from visible light and multi-spectra to radar which now can
provide data in all weathers and the basis is established to collect accurate data in all weathers
for the application of remote sensing in many practical fields. And that very high resolution
data demands new theories to process and acquire information for its particular characteristics
which are different from traditional remote sensing data (Ma, 2001; Pu and Gong, 2000).
Nowadays many countries have made their plans on high resolution remote sensing satellite for
the large latent market and application value.

In this paper we used IKONOS very high resolution satellite image. IKONOS satellite was
launched by Athena II Satellite of Lockheed Martin on September 24, 1999, and is managed by
Space Imaging. IKONOS satellite is hitherto the most complicated remote sensing satellite and
the first commercial remote sensing satellite of 1-m resolution. The main effectual load of
IKONOS satellite is digital image sensor. It can gather panorama image of 1-m resolution and
multi-spectrum image of 4 m resolution. Multi-spectrum image will reveal information that
cannot be seen by naked eye, such as the amount of chlorophyll, chemical substance,
infiltrating coefficient of ground water. By reason that the satellite sends digital image signal,
the images can be fast processed and be used in the applications with drastically restrictive time
limitation (LSA, 1999).

Received date: 2002-09-02 Accepted date: 2003-04-10

Foundation item: The Key Project of National 863 Program, No.2001AA136030

Author: Cheng Chenggi (1962-), Ph.D. and Professor, specialized in the applications of GIS and environmental remote
sensing. E-mail: ccq@pku.edu.cn



266 Cheng Chenggi, Li Bin, Ma Ting

2 Materials

Receiving the commission of the Environmental Protection Agency of Xiamen, the Landscape
Bureau of Xiamen and the Information Harbor of Xiamen, the Institute of Remote Sensing and
GIS in Peking University has undertaken the project to use IKONOS image to investigate and
analyze the current situation of urban vegetation cover of Xiamen. The purpose is to give
evaluation to the virescence structure by precisely computing area of virescence, virescence rate
and distribution of the city. In this project we considered the ecological function and
peculiarities of vegetation and classified the vegetation into 3 kinds. The first kind refers to the
sequential areas that are constituted by arbor, shrubbery and meadow. Such areas have the best
ecological stability and larger Leaf Area Index (LAI), and will cleanse atmosphere and provide
place for people to play and relax; the second kind refers to the areas that are constituted by
meadow and sparse arbor or meadow and shrubbery, which have comparatively
well-proportioned distribution; and the third kind refers to the areas that are constituted only by
meadow or sparse arbor. Such areas are presented in the remote sensing image as large
discontiguous fragmentary pea green areas and the ecological stability is frangible and
ecological function is the worst. This kind of areas should be paid more attention to its
virescence. In this paper we were mainly involved in the statistic research on the virescence
areas.

The data we used in this research are:

(1) IKONOS very high resolution image. The imaging time is September, 2000. But the
quality of these images is not very good mostly because there are large areas of cloud (Figure
1) and shadow of buildings caused by the imaging time and sun angle. It has brought
difficulties to image interpretation and we will discuss such difficulties in the following text.

(2) Vector map of Xiamen administration. It is used for the assistant to select training area
and correction of interpretation by naked eye, and obtains the administration ambit of Xiamen
to define research area.

(3) Other statistic data about virescence investigated on the spot, such as distributing
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Figure 1 Original IKONOS image in east Figure 2 Maximum likelihood classification
of Kaiyuan District and the mountain area in east of Kaiyuan District and the mountain
in Siming District of Xiamen area in Siming District of Xiamen
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situation of virescence rate and statistic data about virescence in residential area in the years
1995 and 2000.

3 Image processing

There are many researches on traditional remote sensing image in urban application (Hsu,
1976; Ju et al., 2002; Li and Han, 2001; Ogrosky, 1975; Qin et al., 2001; Wan and Xu, 2001),
but there are few researches on application of very high resolution remote sensing (Boekaerts et
al., 1999; Charalambos, 1999; Tuomas et al., 1999; Wang and Zhu, 2000; Zhang et al., 2000).
In this study we used the ERDAS IMAGINE and the traditional supervised classification
method of Maximum Likelihood. Because there is a lot of information about water, road etc.
which is similar to that of vegetation, some work must be done for data-preparation such as
deletion of water areas, rectification of image and vector data, image resampling and histogram
matching etc. In data-preparation we find that the coverage of cloud and the shadow of cloud
and high buildings influence classification and we cannot accurately compute the virescence
area. On the basis of the investigation data on the spot, we divide the influenced areas into
different styles and set different virescence coefficients to each style. The whole process is
shown in Figure 3.

According to the degree that the area is influenced and the data investigated on the spot, we
divide Xiamen into the following styles:

(1) Visual virescence area. It refers to the virescence area without cloud or shadow of high
buildings, such as public lawn, scholastic playground, aerodrome and mountainous region etc.
This style can be seen directly in the original image and be computed accurately in the
classification map. This style includes most of the lawn and mountainous region.

(2) Cloud area. It refers to the area that is shaded by cloud. This style can be further
divided into 3 parts. The
first part is the cloud over
urban area, the second is I
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area and buildings in this area are high and in order. It is very easy to distinguish between old
urban area and new urban area in the original image. High-class residential area refers to the
newly-built, reasonable programmed residential area, which is distributed on the skirts of the
city with high virescence rate, small area and scattered distributing.

(4) Road. It mainly refers to the main traffic roads with greenbelt, but it is difficult to
distinguish them in interpretation.

(5) Non-statistic area. The rest area except the areas mentioned previously, including water,
farmland and badlands.

We sketch vector layer to each area of different styles and build topology. According to the
investigation data on the spot, we set a coefficient to the area of each style and compute the
virescence area of each style. The coefficient and the final results are shown in Table 1.

4 Questions and discussion

4.1 Data preparation

As to the 1 m resolution panchromatic image, the spectral characteristic of water, road and
shadow of high buildings and cloud is similar to that of vegetation, especially between the
water and lawn. If we classify such image without data preparation, it cannot but result in
larger probability of erroneous classification. It is necessary to make data preparation, for
example, delete the water area in the image before classification. But as to the shadow of
buildings and cloud, we cannot simply delete it because we do not know where there are
virescence arecas under the shadow. And this problem cannot be slid over in application of very
high resolution satellite image in the future. In our study we set different coefficients to solve
this problem and it seems efficacious. We expect more appropriate method in future research.
4.2 Processing of large amounts of remote sensing data

Processing method of large amount of remote sensing data is one aspect of research on very
high resolution satellite image (Ma, 2001). The amount of traditional TM and MSS image is
only about 1/10 of that of very high resolution image. In our study the image we used is
aggregately 1GB. So large amounts of data demand higher standard for software to process. It
takes 30 more minutes to open the 1GB IKONOS image in ADOBE PHOTOSHOP. It only
takes few seconds to open the image in ERDAS IMAGINE, but a supervised classification costs
about 40 minutes. And some processing in MapInfo cannot be done for so large data, for
example, when overlay image with vector data and zoom out to a certain degree, the image
will disappear. So we must use some method such as dividing the image to small ones to solve
this problem before software

is materially improved.
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Table 1 Investigation data about vegetation cover in Xiamen

District Style of area Area Coefficient ~ Virescence  Virescence
(m?) area (mz) rate (%)

Visual virescence area 7885990 1 7885990
Urban cloud area 3703478 0.15 555522
Badlands cloud area 2771765 0.05 13888

Huli Old urban area 5558582 0.1 555858 0.193
New urban area 12288686 0.2 2457737
High-class residential 451502 0.3 135451
Road 2318232 0.05 115912
Non-statistic area 28302445 0 0
Visual virescence area 6079788 1 6079788
Utrban cloud area 2473420 Q.15 371013
Hilly cloud area 6494009 0.9 5844608
Badlands cloud area 327123 0.05 16356

Kaiyuan 0O1d urban area 2277201 0.1 227720 0.296
New urban area 13873666 0.2 2774733
High-class residential 902490 0.3 270747
Road 1689225 0.05 84461
Non-statistic area 18813494 0 0
Visual virescence area 6328131 1 6328131
Urban cloud area 814225 0.15 122133
Hilly cloud area 3387040 0.9 3048336

Siming Old urban area 2759467 0.1 2775946 0.546
New urban area 2770913 3.2 554182
Road 447635 0.05 22381
Non-statistic area 2454775 0 0
Old urban area 940275 0.1 94027

Gulangyu Island Visual virescence area 864965 1 864965 0.504
Non-statistic area 98881 0 0

Total 134583403 38699888 0.288

we think the very high resolution image detailedly describes the characteristic of landscape.
Compared with traditional data, the very high resolution data can compute information that
cannot be seen in traditional image, such as virescence area between buildings and along roads.
4.4 Prospect to the application of very high resolution image

The emergence of very high resolution remote sensing image represents the new development
stage of remote sensing satellite in the 21st century (Li, 2001). But very high resolution image
also demands new techniques for image processing. The traditional processing techniques will
not be practicable and all the problems cannot be resolved only by one kind of technique. We
must combine the machine vision image processing, fractal, multi-data fusion and large amount
of data processing; make the most support of GIS and GPS; unite the energy information
acquired from remote sensing and substance information not acquired from remote sensing to
resolve quantum problems in application (Ma, 2001; Liu et al., 1998; Zhang and You, 1998).
The very high resolution image has a spacious prospect in application on cartography,

meteorology, environmental protection, resource investigation and sporadic affairs management.
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