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ABSTRACT:
Mapping benthic cover in deep waters comprises a very small proportion of studies in the field of research. Majority of benthic cover
mapping makes use of satellite images and usually, classification is carried out only for shallow waters. To map the seafloor in
optically deep waters, underwater videos and photos are needed. Some researchers have applied this method on underwater photos,
but made use of different classification methods such as: Neural Networks, and rapid classification via down sampling. In this study,
accurate bathymetric data obtained using a multi-beam echo sounder (MBES) was attempted to be used as complementary data with
the underwater photographs. Due to the absence of a motion reference unit (MRU), which applies correction to the data gathered by
the MBES, accuracy of the said depth data was compromised. Nevertheless, even with the absence of accurate bathymetric data,
object-based image analysis (OBIA), which used rule sets based on information such as shape, size, area, relative distance, and
spectral information, was still applied. Compared to pixel-based classifications, OBIA was able to classify more specific benthic
cover types other than coral and sand, such as rubble and fish. Through the use of rule sets on area, less than or equal to 700 pixels
for fish and between 700 to 10,000 pixels for rubble, as well as standard deviation values to distinguish texture, fish and rubble were
identified. OBIA produced benthic cover maps that had higher overall accuracy, 93.78±0.85%, as compared to pixel-based methods
that had an average accuracy of only 87.30±6.11% (p-value = 0.0001, α = 0.05).

1.

(Bour, et al., 1996 as stated in [18]) such as the use objectbased image analysis (OBIA). This method initially groups
pixels into objects (also called segmentation) based on certain
similarities (spectral information or external variable – such as
height) (Addink & Coillie, 2010). Rules are then developed in
order to automatically classify the image objects produced after
segmentation. With the use of OBIA, the tedious task of
digitizing and manually classifying benthic cover in the
acquired videos and photographs may be eliminated.

INTRODUCTION

1.1 Background of the study
Monitoring of coral reefs is the gathering of data and
information on ecosystems or on those who use these resources
(Hill & Wilkinson, 2004). The general process of monitoring is
identifying the population of benthic components in a reef such
as rock, rubble, algae and sand, dead or living coral
(Kenchington & Hudson, 1984 as cited in Marcos, et al., 2008).
Determining the benthic population is greatly dependent on the
scale required for assessment (Marcos, et al., 2008). For areas
of reef that need a resolution of not less than 25m2, the
typically-used monitoring methods are multi-spectral satellite
imagery and aerial remote sensing (Mumby, et al., 2004).
However, such methods require ground-truthing and acquiring
such remotely-sensed images would require monetary costs.
Also, reef monitoring in many countries cover a small and
unrepresentative proportion, such that available data are
insufficient for a quantitative assessment [18]. General visual
monitoring methods are able to get information from broad to
fine scale with the advantage of using inexpensive equipment,
but these methods take a lot of time (Hill & Wilkinson, 2004).
An alternative for monitoring is the use of digital equipment,
which can greatly shorten the time in the field and reduce field
expenses, since less time is required underwater as compared to
visual methods (Hill & Wilkinson, 2004). The major drawback
of using digital equipment is that data processing, such as
digitizing, is very time consuming and equipment used are
expensive (Hill & Wilkinson, 2004). Also, accurately and
automatically mapping live benthic cover has remained
extremely difficult to produce from multi-spectral images such
as satellite images and aerial photographs, thus alternative
methods of producing these maps still need to be investigated

1.2 Objectives and significance
Objectives. This research aims to develop an improved method
of extracting benthic cover through OBIA with the use of
underwater videos and photographs with corresponding
bathymetric data. Applying the same theory used in a previous
research (Levick & Rogers, 2006) to this study, the height
component from the bathymetric data will aid in producing a
benthic cover map with better accuracy as compared to pixelbased classification methods. The specific objectives of this
research are as follows:
 To investigate ways of georeferencing and mosaicking
snapshots of the underwater videos, as well as means of
rectifying the underwater video snapshots to the
bathymetric data, given some constraints on data
availability and quality;
 To develop the OBIA rule sets for accurately and
automatically classifying benthic cover;
 To evaluate the performance of OBIA against commonly
used pixel-based image classification algorithms.
Significance. Through this automated classification system,
fast and frequent data acquisition of benthic cover such as
living and non-living is possible to support reef studies that
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require such information (Marcos, et al., 2008). Since precise
data will be readily available, reef processes can be more
realistically studied as well as serve as a quick aid in
developing improved management strategies (Scopélitis, et al.,
2010). Established Marine Protected Areas (MPAs) increase the
importance of acquiring data from monitoring to determine if
they are able to achieve their management goals (Hill &
Wilkinson, 2004). MPAs in the Philippines will then be able to
develop better management schemes, especially during these
times of climate change when marine habitats are very
vulnerable.
1.3 Scope and limitations
The main scope and focus of this research is to use object-based
classification on underwater photos to extract cover
information. Hence, the study mainly investigates the
performance of OBIA vis-à-vis typical pixel-based spectral
classifiers. It deals with the creation of rule sets necessary to
obtain high classification accuracy using the OBIA approach.
The chosen 50-meter transect was approximately 10 meters
deep and the video used for producing the benthic cover map
was taken at a 6-m depth, about 3-4 meters from the reef
surface. Due to this distance of the camera from the reef and the
absence of rocks, sea grass and other benthos, only a general
classification was produced – coral, sand and rubble. Since a
MRU nor a small bubble level were not available to ensure the
vertical orientation of the underwater camera used during the
fieldwork, georeferencing from one video snapshot to another
lead to high root mean square error (RMSE), thus an
uncontrolled mosaic (i.e. snapshots that were subjectively
stitched together using Adobe Photoshop) was used as an
alternative to create a panorama of the transect. An external
motion sensor input for the MBES is the most important add-on
because it compensates for roll, pitch and heave of the beams in
real time but it was not available during the data gathering.
Since corrections were not available and applied, the accuracy
of the bathymetric data (vertical measurements) was not
reliable enough for the underwater video snapshots to be
georeferenced to it. Due to this, classification between elevated
and non-elevated features could not be accurately performed.
With the available MBES data, the uncontrolled mosaic was
given only an approximate correction for scale and rotation, but
its geographic location (horizontal measurements), through
georeferencing to the relative depth of the MBES data, is
accurate up to the centimeter level. A water level logger, which
would record the rise and fall of tide, was also not available
during the data gathering, thus a tide predictor program
(WXTide) was used to supply tide information during the
fieldwork. The data supplied by the program was used to
generate corrections for the bathymetric data gathered by the
MBES.
1.4 References
Acquisition and classification of underwater videos and
photographs. Many studies have used video surveys and
photographs to capture images of coral reefs, which were then
used for classification. A study evaluated the different survey
techniques used to validate maps derived from remotely sensed
images and was able to conclude that among all survey
techniques they evaluated, the best choice, if resources were
unlimited and expertise was available, was the photographic
transect, which was processed using the 1024 point analysis
(Roelfsema, et al., 2006). Based on another study of these
remotely sensed images, they said that manual delineation with

field validation resulted to the highest accuracy (Scopélitis, et
al., 2010)

