
1. Introduction

Many studies have analyzed beach litter amounts,
spatial distributions, components, and categories in
Korea using field monitoring (Park and Kang, 2005;
Lee et al., 2007; Jang et al., 2011a; Jang et al., 2012).
However, conventional field studies of beach litter
require substantial human resources and are expensive.

Therefore, most studies have focused on monitoring
locations with large volumes of beach litter and have
then applied the results to whole coastlines. Although
monitoring based on a field survey allows for precise
investigations of beach litter, it is difficult to address
the spatial distribution of litter over a whole beach and
the results may not be representative of the entire
coastline. To overcome the limitations of conventional
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monitoring, some studies have used remote sensing
techniques to monitor beach litter both in Korea and
elsewhere. Nakasima et al. (2011) and Kako et al.
(2012) used a balloon-based photography system and
an imaging processing technique to detect beach litter.
Jang et al. (2011b) extracted information on beach litter
from photographs taken by an unmanned aerial vehicle,
using an algorithm that included color and
morphological image processing. These studies used
remote sensing equipment and estimated the spatial
distribution of beach litter by image processing based
on differences in color. However, the analyses by
Nakasima et al. (2011) and Kako et al. (2012) may
have suffered from image noise and imperfect edge
detection as the color image processing technique was
applied only at the image processing stage. Jang et al.
(2011b) determined a threshold and a suitable value for
morphological image processing using a repetitive
technique for detecting beach litter. However, the
method requires users to input values in the program

and to repeat the modification. In all three studies, if a
user is not skilled at the image processing program, it
is difficult to acquire accurate image information.

This study first sought to develop a method of
acquiring images by using a micro-unmanned aerial
vehicle, to reduce costs and offer better mobility and
speed than conventional field survey approaches to
beach litter monitoring. A Graphical User Interface
(GUI) was then developed and applied to beach litter
detection software. The software removes the user
drawbacks mentioned above and enhances the
effectiveness and convenience of beach litter detection.

2. Data and methods

1) Study area
The northeast coast of Geoje Island in the South Sea

of Korea receives litter released with the opening of a
floodgate near the Nakdong estuary. Approximately
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Fig. 1.  Locations of the beaches(A, B, C) in Geoje Island.



3,810 tons of litter per a year is estimated to flow into
the sea in the Nakdong River area (Hong, 2007). Of
this, an estimated 2,000 tons per year reaches the
northeastern coast of Geoje Island (Kim, 2003). Illegal
disposal of trash by tourists and fishermen also
damages the beaches of Geoje Island. This study
selected Heungnam beach (a sand beach) and Sogye
beach (a pebble beach) located on the coast of Geoje
Island as experimental locations to develop the beach
litter detection software. Heungnam sand beach and
Doomo beach (a pebble beach), which are proved to
have lots of beach litter generation based on field
survey, are selected for actual application for the
developed software and detection (Fig. 1).

2) Field survey and classification of beach
litter
The conventional field surveys were conducted on

Heungnam sand beach and Doomo pebble beach to
understand the generation of beach litter and compare
the survey results with the results of the new beach litter
detection method. The surveys were conducted on two
days (Oct. 31 and Nov. 1, 2012). After photographs
were taken using an unmanned aerial vehicle, beach
litter (excluding naturally generated plants and trees
such as seaweeds, reeds, and tree branches) was
collected. The collected litter was classified into the

type of material, and the weight and volume were
measured (Fig. 2).

3) Aerial photography from an unmanned
aerial vehicle

(1) Unmanned aerial vehicle
Aerial images of marine environments are being

increasingly used for tasks such as the detection of
changes in coastlines, surveillance of marine pollution,
and observation of environmental changes. However,
conventionally, high costs are required for the use of
aerial vehicles and equipment and skilled technicians
are needed for image analysis. Furthermore, it can be
difficult to schedule imaging at the time required and,
unless images are available for a desired location and
time, it is very difficult to acquire the necessary
information. Conducting aerial photography from
Unmanned Aerial Vehicles (UAVs) reduces costs and
overcomes the mobility and speed limitations of using
manned aerial vehicles. The UAV used in this study
was a quadcopter, GUAI 500X (Weight: 670 g, Flying
duration: 7~20 minutes, Fig. 3a) that falls into the
micro-UAV category. Small UAVs (i.e., micro and
mini) have the benefits of low cost and high mobility
and can be equipped with various sensors (Veenstra
and Churnside, 2012). In order to take pictures for
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Fig. 2.  Abundance and composition of beach litter collected in field surveys of (a) Heungnam sand beach and (b) Doomo pebble
beach.



beach, these UAVs transfer current location
information to the ground by combining GPS with On-
Screen Display module and AutoPilot system in main
controller. Also, digital camera with gimbal mount was
installed below the body of the UAV (Fig. 3b).

(2) Image acquisition for the detection of beach litter
To confirm whether objects could be detected in the

images taken using the UAV, aerial photographs of a
sand beach and a pebble beach were taken and
processed using the litter-detection software. The aerial
photography experiment was conducted by installing
the same nine markers (horizontal line 50 cm x vertical
line 50 cm) at a certain interval on Heungnam sand
beach and Sogye pebble beach on May 8, 2012, and
then recording video pictures (Fig. 4). Each marker was

regarded as a litter item for the purpose of this
experiment. The markers differed in terms of size and
color, thus making it difficult to process the images for
litter detection and to configure the software. This study
checked the detection for each marker through software
application for actual images and then conducted
photographing for whole areas of Heungnam sand
beach and Doomo pebble beach on Oct 31 and Nov
1, 2012 to detect actual beach litters. The beach
photography was conducted by moving from narrow
areas of the beach to wider areas (Fig. 5). The
altitude of the photography was determined within
approximately 10 m by checking the photographed
areas and the size of beach litters through color
monitors.

Korean Journal of Remote Sensing, Vol.30, No.3, 2014

–354–

Fig. 3.  Micro-UAV equipped with digital camera in gimbal mount for aerial photography, (a) shows the Quadcopter and Receiver, and
(b) is the Gimbal mount and Cameras.

Fig. 4.  Arbitrary images taken by the unmanned aerial vehicle: (a) Heungnam sand beach and (b) Sogye pebble beach.



4) Image processing techniques

(1) Image preprocessing
Image processing to extract beach litter from

suspended images consists of pre-processing,
morphological image processing and image
recognition (Fig. 6).

Image pre-processing first transformed the red-
green-blue (RGB) color space, in images acquired by
the digital camera, into hue, saturation, and intensity
(HSI) (Fig. 7b). The HSI model allows

for the development of an ideal image processing
algorithm as it separates colors, saturation, and
brightness and describes natural and objective colors
(Dhandra et al., 2006). The second step was to apply a
dynamic binarization to the converted HSI color image
and grayscale image (Fig. 7c and d). A dynamic binary
process can be used to separate objects from a
background by considering the surrounding pixel
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Fig. 5.  The direction of aerial photography at (a) Doomo pebble beach and (b) Heungnam sand beach.

Fig. 6.  Flow chart of image processing for the detection of
beach litter.



values of a binary pixel (Kim, 2008). Binary processes,
including dynamic binarization, have been applied to
grayscale images in previous studies. However, this
study applied the binary process not only to grayscale
images containing only brightness information but also
to color images, in which the color contained various
pieces of information. The dynamic binary process was
used instead of an additional complicated background
subtraction procedure because it is effective even when
much noise is included. Dynamic binary image has
been converted to grayscale images for the application
of the morphology techniques.

(2) Morphological image processing
An image with its background removed through pre-

processing still contains noise and edge effects that are
not completely removed from the beach litter (Fig. 8a).
If noise is not completely removed before the image
recognition phase, that noise can be erroneously
recognized as beach litter, which may result in over-

detection of litter. In addition, if an imperfect edge is
not corrected, two objects might be combined into a
single object, which could result in an under-detection
of litter. Over-detection may also occur if a single
object is divided into two images. Therefore, it is
necessary to clarify the internal structure of objects in
binary images to enhance the accuracy of detecting
beach litter. Mathematical morphology is a useful tool
for solving problems that occur in various methods of
image processing and has primarily been applied to
images used in medical, materials, and computer
engineering applications (Pesaresi and Benediktsson,
2001; Mukhopadhyay and Chanda, 2002). Basically,
mathematical morphology involves erosion and
dilation operations on structural elements (Chen et
al., 2007). In this study, as much noise as possible
and the imperfect edges of images were removed
by repeatedly applying the erosion and dilation
operations (Fig. 8b and c).
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Fig. 7.  First step in image processing for the detection of beach litter: (a) Original test image and (b) RGB to HSI conversion image,
(c) and (d) show the results of applying the dynamic binary procedure to the HSI color and grayscale images.



(3) Image recognition
The image recognition phase for extracting beach

litter involves labeling and extracting the border to
detect the range of beach litter and its ultimate
extraction. This study applied the glassFire algorithm
using iteration. The glassFire algorithm is a labeling
method that inspects the pixels of concern and their
neighbors in binary images one by one using a

recursive call until all neighboring elements are labeled
(Fig. 9a). The last phase extracts the central points and
boundary of the labeled data and then assigns a number
to them, allowing them to be counted (Fig. 9b).

5) Configuration of the beach litter detection
software
Where litter is detected from image information at a
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Fig. 8.  Morphological processing: (a) binary image included noise of background, (b) the image after applying the erosion operation
to (a), and (c) the result of a dilation operation to (b).

Fig. 9.  Image recognition for the determination of beach litter: (a) labeling image and (b) border extraction image.



specific beach and location, color values can be used
as a suitable threshold value if the color values are
identified repeatedly during image processing.
However, if a user needs to detect litter on several
beaches, the same values cannot necessarily be applied
to all the beach conditions. Therefore, users have to
repeat the complicated image processing stage to
determine suitable values for each beach. This study
aimed to develop Beach litter detecting software to
improve the effectiveness and convenience of detecting
beach litter in images taken by UAVs. The software
was designed to extract beach litter in a graphic
environment that included dialogue and a slide bar. In
addition, a class library (Microsoft Foundation Class)
was useful for writing an application program for
Windows and the FFMPEG library (http://www.
ffmpeg.org/) to process the video. The software
primarily consists of image acquisition and image
processing components (Fig. 10).

3. Results and Discussion

1) Generation and composition of beach litter
Beach litter collected from Heungnam sand beach

and Doomo pebble beach was classified into nine
categories and summarized by the measured amount,
weight, and volume. To compare and analyze the
results of the image processing technique, the total
amount of litter was divided by the amount of litter
larger than 50 cm (Table 1). The total amount of litter
on Doomo pebble beach (350 EA) was approximately
three times greater than on Heungnam sand beach (120
EA). However, Heungnam sand beach, where lots of
litter is generated, is proved to be cleaned up one time
through a network camera installed at the beach on Oct
23, 2012, a week before field survey is conducted.
Plastic waste was the most common litter item collected
from the two beaches. Metal was the second most
common item at Doomo pebble beach. There were nine
objects larger than 50 cm in diameter (7.5% of total
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Fig. 10.  Components of the software for detection of beach litter including Optional features: (a) - (d) shows main components of the
software. (e) and (f) show pre-processing and morphology image processing functions.



items) at Heungnam sand beach and 84 objects larger
than 50 cm in diameter (24% of total items) on Doomo
pebble beach. Heungnam sand beach contained five
Styrofoam items among the total of nine items larger

than 50 cm in diameter, but only one of these large
items (a rope) was plastic, even though most objects
(97 EA) were classified as plastic at this location (Fig.
2a). Doomo pebble beach contained the largest amount
of metal objects larger than 50 cm in diameter (45 EA),
which were typically circular fish traps including a net
(Fig. 2b). The second most abundant litter item larger
than 50 cm in diameter was plastic (30 EA), with rope
(20 EA) being the most commonly observed object.

2) Detection of beach litter by the software

(1) Field experiment
Figure 11 shows the software results for a marker 50

cm in horizontal length and 50 cm in vertical length at
Heungnam sand beach and at Sogye pebble beach. In
the experiment, all surrounding objects were removed
to allow the detection of markers by the binary erosion
function in the morphology conversion. A total of nine
markers were identified on the sand and pebble beaches
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Fig. 11.  Extraction of targets on the beaches: (a) Heungnam sand beach and (b) Doomo pebble beach.

Table 1.  Results of the field survey and litter classification
(Unit: EA)

Heungnam sand
beach Doomo pebble beach

Total Items larger than
50 cm diameter Total Items larger than

50 cm diameter
Plastic 97 1 227 30
Paper 9 0 10 0

Styrofoam 8 5 12 4
Wood 1 1 16 2
Metal 3 0 56 45

Clothing &
Cloth 0 0 10 3

Glass 0 0 16 0
Rubber 0 0 2 0
Other 2 2 1 0
Total 120 9 350 84



using the sequential horizontal detection.

(2) Actual application for beach litter

To detect actual litter on the two studied beaches,
this study used images processed by the litter detection
software and still images captured from the video. Five

still images were obtained for Heungnam sand beach
(Fig. 12), in which a total of 12 beach litter items
including Styrofoam buoys (7 EA) were identified.
Among the items smaller than 50 cm, four objects,
including pieces of Styrofoam were detected (Fig. 13).
Eight still images were obtained for Doomo pebble
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Fig. 12.  Still images acquired from the Movie Player for detection of beach litter at Heungnam sand beach: panel (a) shows Styrofoam,
(b) and (c) show wooden objects, (d) and (e) show mixed litter (Styrofoam, refrigerator and wooden items).



beach (Fig. 14), in which 73 objects including metal,
plastic, and circular fish traps were identified. Fifteen
objects smaller than 50 cm such as pieces of plastic and
vinyl were detected. In addition, six objects were
incorrectly identified, including cases in which multiple
objects were considered to be a single object and

objects larger than 50 cm were not detected. Among
the 52 objects detected (excluding incorrectly identified
and undetected objects), circular fish traps were the
most common (42 EA) (Fig. 15).

The numbers of beach litter items larger than 50 cm
in diameter determined by the field survey in section
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Fig. 13.  Software detection of beach litter, assessed based on the actual litter shown in still images of Heungnam sand beach (blue
circle - false detection or undetected, red circle - items less than 50 cm in diameter).
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Fig. 14.  Still images acquired from the Movie Player for the detection of beach litter at Doomo pebble beach. The beach areas consist
of (a) pure pebble; (b) - (e) mixtures of pebbles and sand; and (f) - (h) sand.
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Fig. 15.  Software detection of beach litter, assessed based on the actual litter shown in still images of Doomo pebble beach (blue
circle - false detection or undetected, red circle - items less than 50 cm in diameter).



3.1 were compared with the number detected by the
software (Table 2). Eight (89%) of the nine objects
collected in the field survey (excluding the plastic rope)
were detected at Heungnam sand beach where less
beach litter was generated. At Doomo pebble beach, 52
(62%) of 84 objects larger than 50 cm in diameter
collected by the field survey were detected by the
software. The largest detection rate was achieved for
metal objects (42 EA, 93% of the total). The most
distinctive difference between the two results was for
plastic items. Among 30 plastic objects, only three
items (a basket, a buoy, and a tangled rope) were
detected. Among the plastic objects larger than 50 cm
in diameter collected by the field survey, 20 objects
were ropes but most of them were not detected by the
software because of the pixel size of the images;
detection was possible if ropes were long or tangled
and thus occupied a larger area.

4. Conclusions

This study developed a technique for monitoring
beach litter, using remote sensing equipment and
detection software to overcome the time, spatial, and
economic limitations of conventional field survey
approaches. Images were subjected to pre-processing,

morphological image processing, and image
recognition processes. This study also applied dynamic
binarization to color images, in contrast to previous
studies which applied dynamic binarization to only
grayscale images. The results showed that this
approach effectively removed noise and background
effects when a color image was converted into a
grayscale image. The software results were compared
with survey results and showed that the proposed
approach consistently detected beach litter items larger
than 50 cm in diameter at both a sand beach and a
pebble beach. At Heungnam sand beach, eight of nine
objects larger than 50 cm in diameter that were
collected by the field survey were detected by the
software. At Doomo pebble beach, 42 of 45 circular
fish traps larger than 50 cm in diameter were detected.
However, at both beaches, it was difficult to detect
ropes larger than 50 cm in diameter unless they were
tangled. These small-size items tended to be removed
by the processing along with the background and noise.
Field surveys have the advantage of precisely detecting
small objects, such as plastic bottles and pieces of
Styrofoam, although it is difficult to identify the spatial
distribution of litter across an entire beach. The method
proposed in this study is effective for spatially assessing
beach conditions and the spatial distribution of beach
litter, although small objects may not be detected. The
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Table 2.  Comparison between the field survey and software results (items larger than 50 cm in diameter, (Unit: EA)
Heungnam sand beach Doomo pebble beach

Items larger than 50 cm
in diameter

Software detection
results

Items larger than 50 cm
in diameter

Software detection
results

Plastic 1 0 30 3
Paper 0 0 0 0

Styrofoam 5 5 4 3
Wood 1 1 2 2
Metal 0 0 45 42

Clothing & Cloth 0 0 3 2
Glass 0 0 0 0
Rubber 0 0 0 0
Other 2 2 0 0
Total 9 8 84 52



method can also provide useful information to
stakeholders by enhancing the effectiveness and
convenience of beach litter detection. The proposed
method is thus expected to improve the accuracy of
beach litter predictions, when used in combination with
existing monitoring methods based on field surveys.
The method can also aid in the estimation of beach litter
generation in locations where monitoring is difficult to
undertake.
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