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In this paper we describe how a distributed real-time underwater video observational system, developed and
operated in southern Taiwan, can be used for visual environmental monitoring of a coral reef ecosystem. The
methodmakes use of an innovativefish recognition and identification technique for real-world automatic under-
water observation. Our research demonstrated that advanced fish recognition and identification techniques can
be used to study fish populations and to identify species of fish that appear for the first time in particular areas of
interest. The observational system subsequently accumulates massive tera-scale video data that can be used for
long-term studies on coral reef fish. The system has the capacity for efficient and accurate recognition of fishes
from the video dataset, which is recorded in a setting of biological abundance in a coral reef ecosystem. A simple
and effective preprocess for fish detection from the video data has been developed, inwhichmultiple bounding–
surrounding boxes are introduced to discriminate between swimming fish and other moving objects, such as
moving sea anemones and drifting water plants. Additional data, including images of various features from a
number of fish species, taken at various angles and illumination conditions, can form the basis for a fish-
category database. A maximum probability, partial ranking method, based on sparse representation-based
classification (SRC-MP), is proposed for real-world fish recognition and identification. Eigenfaces and Fisherfaces
are used to extract feature data, by means of the fish-category database. Two parameters — feature space
dimension and partial ranking value — are used to optimize the solutions, in which the recognition and
identification rates can respectively achieve 81.8% and 96%. Experimental results show that the proposed
approach is robust and highly accurate for the use of fish recognition and identification of real-world underwater
observational video data.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

Direct observation of plants and animals in their natural environ-
ment can be an important aspect of marine ecosystem research. Under-
water environments constantly change and long term data sets are
often required to delineate the complex processes of ecological succes-
sion. It is, however, difficult to sustain long term real time observation,
mostly because of the inaccessibility of the marine environment
(Edgington et al., 2007). Collection of long term data relies mainly on
well-designed monitoring plans. Fish observations traditionally involve
scuba diving for a period of time, to record videos and to collect physical,
chemical and biological data. When using such methods, the collection

of sufficient data for statistical analysis often requires a long-term,
labor-intensive effort. Recent advances in information and communica-
tion technology have enabled the development of a distributed real-
time underwater video observation system that can be used for long
term observation of coral reef ecosystems. In the present study we
made use of such techniques for underwater observations along the
southern tropical coast of Taiwan (Shiau et al., 2010). We were able to
broadcast the video data in real-time via the Internet. The data collec-
tionwas archived to form a resource base for further analyzing. The sys-
tem thatwe developed also has the capacity for continuous collection of
tera-scale video data. Since the task of accessing and employing such
large amounts of video data is challenging — particularly when having
to cope with heavy-duty production cycles — we developed a high-
end tera-scale data storage system,making use of a cluster of computers
that served as a computational node and a gateway for accessing back-
end supercomputers. The computerswere further virtualized, forming a
group of virtualmachines (VM), to allow for the flexible use of computer
resources (Smith and Nair, 2005). A VM is a software implementation of
a machine that executes programs, in a similar way to a physical
machine. A customized web-based interface is then developed as a
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common portal, to access all computational resources. This system en-
ables researchers to efficiently use these massive video datasets.

Considerable research has recently been focused on the analysis of
video images obtained from video monitoring systems. Detecting and
retrieving moving objects are necessary processes for applications
based on monitoring video images. Numerous algorithms for land
objec have been proposed (Javed and Shah, 2002). Background subtrac-
tion is a popular approach that can be used to efficiently capture the
complete shapes of detected objects (Mahadevan and Vasconcelos,
2008). A real-time algorithm that combines temporal differencing
with temporal filtered optical flow enables the detection of salient mo-
tion, moving in a consistent direction in complex environments (Tian
and Hampapur, 2005a). Nevertheless, in uncontrolled conditions — for
example, in real-life underwater monitoring systems — the system

remains a challenge (Tian and Hampapur, 2005b). The real-world envi-
ronment is usually unconstrained. For example, in our study, the coral
reef ecosystem consists of a complicated reef environment as back-
ground and an abundance of bio-activities, such as fishes swimming
and/or hiding, algae growing, sea anemones moving, and water plants
drifting. This variety ofmovement complicates the recording of such ac-
tivities. The accurate detection of fish and the effective discrimination of
moving fish from other moving objects (as described above) therefore
become a daunting challenge. Our underwater observation system,
which has been developed and continuously operated for many years,
produces tera-scale video data. This presents a problem, as the system
has become too large to be processed and is, therefore, no longer suit-
able for scientific research. To improve the accuracy and performance
during pre-processing, we have developed a simple system that
makes use of multiple bounding–surrounding boxes which can inte-
grate several existing state-of-the-art tracking algorithms, to efficiently
remove irrelevant information (non-fish objects) from our tera-scale
video data. The system has the capacity for a rapid detection of
multiple-species fish images with variable viewing angles, shapes, and
illumination. The acquired fish images are subsequently used to
construct a fish-category database.

The implementation of the fish detection method leads to the con-
struction of a fish category database, based on the tera-scale underwater
video dataset, which forms the basis of our real-world fish recognition
and identification system. Object recognition is a popular topic in com-
puter vision applications. Many publications have reported on various
object recognition methods, in which the research focused primarily
on projection-based methods, such as Principal Component Analysis
(PCA) (Turk and Pentland, 1991) and Linear Discriminant Analysis
(LDA) (Chen et al., 2008; Mika et al., 1999). These projection-based
methods have been used and evaluated, for the purpose of fish recogni-
tion (Matai et al., 2012). These methods have the capacity to rapidly re-
construct object images aswell as simultaneously extract image features.
Nevertheless, there are some problems associated with the linear di-
mensionality reduction algorithm, in that the projections are a linear
combination of all the original features, while all weighting coefficients
in the linear combination, known as loadings, are typically non-zero.
Fortunately, a proven compressive sensing theorem (Candes and
Wakin, 2008), representing a novel sampling technique to find sparse
solutions of underdetermined linear systems, can overcome this

Fig. 1. The video streams and location of our underwater observational site.

Fig. 2. The architecture of the underwater real-time video observational system.
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