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Application of MADC system in spatial distribution information
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Abstract: In recent years, the green tide caused by enteromorpha prolifera bloom with fast growth rates became one of the
ecological disasters. In the monitoring of Qingdao enteromorpha prolifera bloom disaster using remote sensing technology, the
Multi-mode Airborne Digital Camera (MADC) system played an important role in the algae reducing planning. It provided the
data source for the quick extraction of enteromorpha prolifera information. The enteromorpha prolifera monitoring results, such
as the distribution, area and density, were provided to the government in time for decision. In this paper, the components and
characters of MADC system are introduced, and the quick extraction technology and work flow are set up based on the analysis
of the spectral and image features. The key technologies in the data process and information extraction are studied and the final
remote sensing monitoring results are introduced. The feasibility of prospect application in marine disaster monitoring such as
the red ride monitoring of MADC system and advices for the improvement of MADC are introduced at last. The information ex-
traction method will play an important role in the marine environment monitoring especially in the contingency environment
disaster monitoring.
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1 INTRODUCTION

In recent years, the frequent breakout of red tides has be-
come a common marine coastal disaster. It has great influence
on coastal economy, the local residents, and our ecological
system (Tang et al., 2004; Wang et al., 2006). The green tide
proliferated by ulvaceae algae has also become one of the

world’s common ecological phenomena (Merceron et al., 2007).

We can also see abnormal proliferation and accumulation of
macroalgae occur in China (Liang et al., 2008). The develop-
ment of remote sensing techniques makes quick dynamic
monitoring of marine coastal disasters possible, especially
aerial remote sensing. Aerial remote sensing has a lot of advan-
tages: flexibility, vast coverage, high spatial resolution, which
makes it very suitable for monitoring coastal waters. It is an
important platform for monitoring marine environment and
coastal disasters (Ma et al., 2002; Fan et al., 2003).

Since May 2008, a lot of floating enteromorpha prolifera
appeared in the middle Yellow Sea, and they were gathering
towards Qingdao coast. On June 12" there was about 8 km? of
enteromorpha prolifera along Qingdao coast. On Junel5™,
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enteromorpha prolifera invaded the coastal area ranging from
Laoshan island to Xuejiadao. The follow-up remote sensing
monitoring showed that a large amount of Enteromorpha pro-
lifera was invading Qingdao in strips (Qiao et al., 2008). The
outbreak of enteromorpha prolifera bloom invaded the coastal
areas in Qingdao and its surrounded waters, which severely
affected the athletes’ training and posed a threat to Olympic
sailing regatta. MADC system was deployed to monitor the
dynamic change of algae from July 2. MADC system is a novel
airborne digital camera developed by Institute of Remote Sens-
ing Applications of Chinese Academy of Sciences. We took
MADC system and other remote sensing equipment to Qingdao,
participated in aerial remote sensing monitoring and controlling
of enteromorpha prolifera in Olympic sailing venue.

2 MADC SYSTEM

MADC system was developed by Institute of Remote Sens-
ing Applications of Chinese Academy of Sciences since 2003.
Several airborne experiments have been done with different
modes and aviation parameters to test the stability of MADC
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(Fang, 2003). MADC can choose different modes for different
application purposes to capture images of remote sensing and
other assistant data (Fang, 2005; Wei, 2005). The main parts of
MADC are four large array CCD cameras, and the system could
capture wide field, multi-spectral and stereo images through
different mechanical interface. The single CCD pixel size is
9um, analog-to-digital conversion takes up 12 bits, and the
shutter speed is 1/4000—32s. The main technical parameters
are listed in Table 1.

Table 1 Main technical parameters of MADC

Wilde . Stereo
field Multlm—cs)gzctral imaging
mode mode
Field of view / (°) 26x75 26x26 26x26
Swath@9Km altitude / (km?) 4x12 4x4 4x4
Spatial resolution@9Km 1 1 1
altitude / m
G?alog-to-dlgltal conver sion/ 12 12 12

In this monitoring process, the multi-spectral mode was used
to capture images especially with IR band because of the obvi-
ously characters of enteromorpha prolifera in IR band. In order
to capture the color images, an additional color digital camera
with 24mm lens was also mounted with the IR digital camera. A
POS (Position and Orientation System) was used to provide the
flight parameters and altitude. In this paper, we analyze the
spectrum of enteromorpha prolifera and MADC images, and
set up a quick workflow to automatically extract enteromorpha
prolifera. The extracted information of enteromorpha prolifera
was for decision-making of controlling algae outbreak. Our
workflow was also employed in two cases: red tide monitoring
in late August, and spilled oil monitoring in middle September.
All these cases prove that MADC system and our information
extraction techniques have great application potential in marine
environment monitoring.

3 SPECTRUM, IMAGE CHARACTERISTICS, AND
EXTRACTION MODEL

3.1 Spectrum of enteromorpha prolifera

Enteromorpha belongs to one genus of ulvaceae family,
chlorophyta phylum. Its frond stands upright. It has hollow
tubular frond, or at least the handle and the edge of its frond is
hollow. The tube consists of single-layer cells. Normally it is a
single frond or its frond has branches. Its shape can be cylin-
drical, sometimes flat. It often grows in the inter-tidal rock
marsh or mud on the beach of gravel, and sometimes can also
be epiphytic algae in a large frond (Lin, 2007). Enteromorpha is
not poisonous, but the large scale outbreak of enteromorpha
prolifera would severely destroy the landscape and make it
inconvenient to do exercises above water. People now call the
outbreak of macroalgae “green tide”, consider it as one of ma-
rine disasters (Pedro et al., 2008). Since mid-June, vast areas of
floating entermorpha prolifera appeared in the middle of Yel-
low Sea, and they were gathering towards Qingdao coast. It’s

an unusual entermorpha natural disaster. In this paper, we study
the spectral characteristics of entermorpha prolifera and
MADC images, which provide the basis for building a model to
identify and extract enteromorpha prolifera.

The reflectance spectra of enteromorpha prolifera and sea
water along Qingdao coast are shown in Fig.1. The reflectance
spectrum of enteromorpha prolifera is very similar to that of
vegetation, while it’s very different from the spectrum of sea
water, especially in the IR band. Within VIS bands, the spec-
trum of fluctuates greatly, while that of sea water is relatively
flat. Our model identification and extraction is based on these
spectral characteristics within VIS-IR bands. Therefore, the
color images and IR images of MADC are very useful for ex-
tracting enteromorpha prolifera information.

The Reflectance spectra of the Enteromorpha prolifera and sea water
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Fig. 1 Reflectance spectra of enteromorpha prolifera and sea water

3.2 Image characteristics

The infrared image of MADC (band range: 750—850nm)
and color image (blue, green, and red, contrast enhanced) ac-
quired in good weather conditions are shown in Fig. 2. In both
IR image and color image, we can obviously see that entero-
morpha prolifera differs from sea water in color. However,
because of specular reflection by the sea, hot spots, the edge of
distortion, image noise and other factors, threshold segmentaion
method would not be suitable for precisely extracting entero-
morpha prolifera. In addition, visual interpretation is too slow
to get a quick monitoring result. However, in the color images
acquired when sea fog existed, the difference between entero-
morpha prolifera and seawater is not obvious, then the infrared
data can be used as a useful supplement.

(b)

Fig. 2 Example of IR image (a) and color image (b)

We can see that enteromorpha prolifera and seawater have a
lot of difference in the spectrum, so differences surely exist in
the three visible bands of MADC, which can be used to set up a
model to identify and extract enteromorpha prolifera, thereby
promoting automatic and semi-automatic information extrac-
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tion technique. The image spectra of enteromorpha prolifera,
sea water, and other main features in the color images are
shown in Fig. 3.

[ Image Spectra of Enteromorpha prolifera,
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5: Spectra of seaer water at the locations of lens distortion in aerial
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Fig. 3 Image spectra of enteromorpha prolifera and sea water

3.3 Information identification and extraction model
based on color images

In remote sensing, we often build a model to identify and
extract surface objects according to their spectral characteristics
and image features. Because the registration technique is lim-
ited, the color images and IR images cannot be used simulta-
neously to extract entermorpha prolifera information. In this
paper, we mainly introduce our extraction model based on the
color images of MADC.

By analyzing the spectral characteristics and differences of
enteromorpha prolifera, sea water, and sea wave mirror in Fig.
3, we can build a model to identify and extract these surface
features. Integrating all these characteristics together by a deci-
sion tree, the hot spots, specular reflection and the effects of
lens distortion can be removed and enteromorpha prolifera
information can be accurately identified and extracted.

(1) Set up indices based on spectral characteristics to iden-
tify entermorpha prolifera

B—G<a, a is the threshold, its empirical value is 24. It

can differentiate entermorpha prolifera from sea water.
(B-G)/(B+G)<a, make normalized, a is the threshold,

its empirical value is 0.09, it can be used to identify entermor-
pha prolifera.
(2xG)—(R+B)>a, a is the threshold, its empirical value is 0,

it can be used to distinguish entermorpha prolifera from sea water.

(2) Generally speaking, the locations of hot spots and sea
waves have bigger grey values. In the blue band, the difference
between entermorpha prolifera and sea water is more obvious.
Therefore, we can perform threshold segmentation method in
the blue band to identify hot spots and specular reflectance: B>a,
a is the threshold, its empirical value is 160.

(3) The edges of the lens distortion are the marginal zones of
aerial images, their grey values are relatively small. We can
employ the threshold segmentation method in red band:R<a, a
is the threshold, its empirical value is 90.

R, G, B in the above descriptions represent the grey values in
red band, green band, and blue band respectively, a is the thresh-
old, which can be modified according to the actual situation.

4 EXTRACTION WORKFLOW AND KEY
TECHNIQUES

4.1 Extraction workflow

Aerial remote sensing monitoring of entermorpha prolifera
means deploying boarded MADC to obtain spatial distribution
area and density information of entermorpha prolifera quickly,
for the purpose of providing data support for decision making
and controlling. In this paper, we propose two workflows based
on IR images and color images respectively. Firstly, we deter-
mine whether the quality of MADC data is good or not. If the
quality of color images is not satisfying, for example, severe
sea fog effect, obscure color images, then we use the IR data.
The workflow based on IR data includes data preprocessing,
visual interpretation, and thematic mapping, among which the
efficiency of visual interpretation is too low. However, if the
quality of color images is satisfying, then we can employ the
model mentioned in Section 3.3 to implement automatic and
semi-automatic information extraction; this workflow based on
color images is shown in Fig. 4. It consists of four major parts:
data acquisition, data preprocessing, algae information extrac-
tion, and thematic mapping. Data acquisition is carried out in
any feasible day by MADC with POS on the Ocean surveil-
lance plane #3843 platform. Data preprocessing mainly in-
cludes POS extraction, data format converting, or-
tho-rectification and ortho-image mosaic. The key work in the
data preprocessing is ortho-image map making (Wei, 2005).
Information extraction based on ortho-images has these steps:
de-noising, constructing indices, building a decision tree, ex-
tracting information, convert classified map to vector file, etc.
Firstly, we remove the salt-and-pepper noise (CCD effect),
wave (mirror reflection) and imaging mode (dark edge); and
then perform decision tree method to produce a classified map,
enteromorpha prolifera is one of the classes. Finally, we con-
vert this raster classified map to a vector file. This workflow
realized the quick automatic and semi-automatic extraction of
enteromorpha prolifera, and won a lot of valuable time for
emergent monitoring.

4.2 Key techniques and strategies

In the workflow mentioned above, the key techniques are
constructing indices, giving an appropriate threshold for each
index, and establishing a decision tree based on these indices.
Decision tree (DT) classification method is a hierarchical clas-
sification method that compares each pixel value to the thresh-
old in each hierarchy; the threshold value is set according to the
actual data and target-related knowledge. This method can per-
form classification task in a very short period of time (Tong et
al., 2006). Our DT tree is shown in Fig. 5.

Some optimized strategies were taken in data processing and
information extraction workflow in order to achieve fast and
accurate monitoring results of enteromorpha prolifera. One
strategy is data parallel processing: divide the data into blocks
according to flight lines, allocate these data blocks to a few
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Fig. 4 Work flow of enteromorpha prolifera information extraction based on color images

computers to perform data preprocessing and information ex-
traction simultaneously, then import the enteromorpha prolifera
vector file into ArcGIS software to compute statistics and make
mornitoring maps. Another strategy is the de-noise of the mo-
saic image by using median filter method Moreover, before
vectori- zation, we removed the little spots so as to speed up
vectorization. All these strategies saved a lot of time and im-
proved the processing efficiency.

5 RESULT AND DISCUSSION

Thematic maps and statistical reports of enteromorpha prolifera
information were done by employing our information extraction
method and strategies. Some monitoring results are shown in
Table 2, including the monitoring water area (aerial photo cov-
erage), enteromorpha prolifera area in monitoring waters and in
alert water zone (Olympic sailing competition venue), and density.

e -.“""-\.
“hﬁwr?l?flgmm:’ -4:“_:_?:,3 water o
Qe e

Fig. 5 Decision tree of enteromorpha prolifera information extraction

The thematic map of algae in July 6, 2008 is shown in Fig. 6.
Compared to the monitoring result on July 4", we can see that
the density on July 6™ is smaller, especially after artificial sal-
vage, the number of enteromorpha prolifera significantly re-
duced. Based on these results, we proposed that we should not
only perform more artificial salvage, but also speed up the con-
struction of oil containment along the periphery of the alert
water zone; meanwhile the spatial distribution information pro-
vides a basis for salvage. Fig. 6 shows that enteromorpha pro-
lifera mainly gathered at the southeast and southwest direction
of the alert water zone. Northern Sea Forecast Center utilized
information about ocean currents and wind direction to forecast
the drift dynamics. Our monitoring results on July 13th showed
that all enteromorpha prolifera within the alert water zone have
been salvaged clearly. Our MADC-based enteromorpha prolif-
era information extraction workflow were successfully applied
to aerial remote sensing monitoring of marine red tide and oil
spill at sea. It proves that the MADC system is fit for the moni-
toring of the marine environment and disaster emergency re-
sponse, because MADC is multi-modal, multi-spectral, flexible
and easy to install.

However, as a prototype system, MADC still needs some
improvements when it is applied to disaster monitoring: first,
improve accurate registration technique among different cam-
eras of MADC to make best use of its multi-mode cameras in
order to establish a more effective information extraction model;
second, develop MADC image processing system to perform
ortho-rectification, mosaic, lens distortion correction, de-nois-
ing, information extraction, and other functions, in order to
realize fast response.

6 CONCLUSION

The practice has proved that aerial remote sensing is an im-
portant tool for monitoring red tide, green tide, and other marine
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Fig. 6 Thematic Map of Algae on July 6, 2008

Table 2 Monitoring result of enteromorpha prolifera

Monitoring water area Area in monitoring

Density in monitoring

Area in alert water zone Density in alert water

Monitoring time km? waters / km? waters /% km? zone / %
Jul 4“1, 2008 306.5 13.2 4.31 1.12 2.26
Jul 6“1, 2008 479 10.7 2.23 0.679 1.37
Jul 13" 2008 480 25 0.52 0.0075 0.015

environmental disasters. In the monitoring of enteromorpha
prolifera in Qingdao, our aerial MADC remote sensing system
provides area, density and other monitoring information to the
headquarters. The MADC system has great application potential
in marine environment monitoring. Furthermore, the fast and
accurate information extraction method based on spectral and
image characteristics of enteromorpha prolifera were also suc-
cessfully applied to the monitoring of red tide and oil spills.
Given that MADC system is multi-mode, multi-spectral, flexible
and easy to install, it should be assimilated into national disaster
response system, so that remote sensing can play a significant
role after disaster. Admittedly, as a prototype, MADC and its
image processing software need to be further improved.
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