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Development of a Robust
and Sustainable Malaysian

Integrated Ocean
Observation System

INTRODUCTION

An integrated ocean observation system which ufilises
multiple platforms that will enable vast discoveries of the
complexities of ocean interactions wil accelerate the
information speed for the forecasting and anahysis process.
The aim of this research is to develop 2 reliable and robust
ocean obsenvation systermn apthy named as the Malaysian
Inteqrated COcean Observation Systern (RMIOOS]. MO OS will
be the future tackbone of realtirme and continuous ocean
data measurement system in Malaysia. The availabilty of 2
fleet of mobile underwater robotic platforms, together withthe
fiwed [stationany] systemn will expectantly rmeet the multtude
of ocean-based measurement and monitoring requirernents
and, thus, provide a more flexible and robust MIOOS.
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THE NEED FOR AN ADVANCED OCEAN
OBSERVATION SYSTEM

Technological advances and  pressing  management
problems have coerced thedeveloprment of 2 new mode of
ocean observation. Many of the benefits derived from the
earth’s eco-systems rely on the knowledge of the current
condition of the said eco-systerns, the understanding of the
controls exercized on those systerns and the identification
of stressors that might lead to their deterioration in the
future. Continuous, realime information on multiple
variables is essential and iz increasingly feasible with
new instrurnentation and comrmunication. This information
is essential in measuring the environmental response to
unpredicted eventsinthe natural and anthropogenic sy stem.
Aquatic systems (including saltwater and freshwater)
are currently threatened on a global scale By a variety of
contaminants, |2 multitude of water management practices
and destructive uses of land.

The behaviour of contarminants inan aguatic eco-system
iz complex and can invoke precipitation, solubilisation,
biological uptake, absorption-desorption, excretion and
sedimentation and then re-suspension. Apant from the
natural processes that affect water quality, therearealso a
rultitude of anthropogenic immpacts, such a5 man-induced
point and diffuse sources, ateration of water quality due to
water use and river engineering projects, and also various
land uses that detrimentally affect water quality at a micro
and rmacro level in the catchment. The degradation of water
sources has increased the need to determine the baseline
quality status of aguatic regions so that an indication of
changes can be provided, which will subsequently indicate
induced anthropogenic activities.

Thus, water quality monitaring refers to the acquistion
of represertative and quantitative information on the
chemical, physical and biological characteristics of a water
body in time and space, most preferably in realtime mode.
In order to understand the process’ dynamics of aguatic
Zones, 4 well-designed water quality monitoring  system
needs to be implemented. In the establishment of @ water
rnonitoring prograrmme, an integqrated approach is necessary
and the nature of the Zones as well as the objectives and
fundtions of the system rmust be considered. If monitoring
is not performed correctly or errors are contained within the
rnonitoring prograrmme, sampleanalysiswill notrepresent the
gctual situation and will resultin an indiscriminate wastage of



finances, manpower and time. Therefore, an efficient aquatic
or ocean montoring programme which yields reliable and
representative results is certainby very crucial.

WHAT IS AN OCEAN OBSERVATION SYSTEM?
An ocean observation systern can be defined as an
infrastructure which consists of @ sst of independent
instrurnents that interact to gather data for the purpose of
observing the ocean. Several observation systermns have
been developed around the world in the past years, such
as the U.3. Integrated Ocean Observing Systern (1003),
the European Seafloor Observatory Metwork (ESORET),
the Australian Integrated Marine Observing System [IMO3),
and the Indie Mational Centre for Ocsan Information
Services (IMCOIS).

Basically, the physical systermns of the
observation are highly spectalised in & specific oceanic
phenomenon that can be dwided into tivo events, namehy
the low bardwidth events such as obseneations of slow
biogenchemical phenormena, and high bancwidth swvents
such as ultrasonic biological The physical
platforms for the observation systern can range from
networks of autonomous underwater wvehicles, remotehy
operated wehicles, wertical profiers, surface vessels,
unrranned aetial vehicles and buoys. These platforms can
provide offine and online data. The data are collected by
the data acquisition systern and will then be processed in
order to prepare the data for digital transmission.

Enormous benefts can be acquired through the
implernentation of the ocean observation systemn as this
system will support and enhance the efforts in;

i. improving the health of the oceans;

ii. protecting hurman lives and lwelhoods from marine
hazards;

ii. supporting defence and security systems;

iv. measuring and predicting environmental changes;

v providing for the sustaineble use, protection and
enjoyment of oocean resources;

vi. providing & sdcientific basis for implementation and
refinernent of ecosysterm-based management;
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vii. tracking and understanding clmate change and the
ozean's rolein it; and

viil. supplying  important  information to ocean-related
businesses.
MIOODS AIMS

The in-situ data when combined with satellite data enable
a more holistic condition of the aquatic or oceanic zones
to be modeled and determined. Sustaining the project will
allow identification and management of dirate change
in the coastal marine environment. 1t will also provide the
observations necessarly for better understanding and
forecasting of the fundamental connection between the
coastal biological processes and the regional or oceanic
phenomena that influence biodiversity. The observation
systerm presented here represents a new way for integrated
observations of the targeted zones, MICOS aims to enable
and execute @ number of basic and applied ocean-related
soientfic studies. Armongst others, MIOODS serves to gather
data for.

i. Episodic large scale events

ii. Episodic small spatial and termporal scale events

iii. Large noise that signal variables

iv. Filling gaps

v. Legacy science information.

MIOOS ARCHITECTURE

The availability of @ flest of undernater robotic platforms,
together with the fmed system (buoy), makes MIOOS
flexible and robust enough for @ multitude of ocean-based
reasurernent and monitoring requirements. This fleet of
undernwater robotic platforms consists of

i. Inteligent Hybrid Underwater Wehicle(IHLUW

i Underwater Glider Platform

i Mini Remotehy-Operated Vehicle (ROW)

v, Autonomous Surface Vessel (A5

v. Drosobots (Micro-83Ws with multi-agent applications)
wi. Blimp [(Communication Hub).

The research and developrnent efforts for all the underwater
robotic platforms were conducted in the Underwater
Robotics Research Group [URRG) lab in Universiti Sains
Maleysia (USMY MIOOS will also make use of the existing
sensor development capability for much better sensing
rmodules and instrumentation suited to the Malaysian
rnaritirme eco-systerns,. The realtime data acquisition will be
further enhanced by a built-in inteligent syster, whereby a
nurnber of data pre-processing and analysis can be done
prior to the final decision-raking process. The processed
data can also provide a better insight on the current oceanic
or coastal conditions.

Imvestigations on the sustainabilty of the marine eco-
syster will be enhanced by the installation of MIOOS with
its associated capabilities. MIOOS will also be utilised for
a number of specific eco-systemn based studies, and these
will be utilised a@s & proof of concept for its wiability and
feasibility owver a wider usage.
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IMNPLEMENTATION PROGRANME

The research challenges consist of hardware, softnare and
integration issues. The tasks of dewveloping these platforms
arein line with the government's fort for national capacity
building, self-reliance, knowledage creation and also highhy
potential wealth generation goals. Figures 3and 4 show the
complete setup of MICOS,

The proposed project is divided into three stages. Stage
1 consists of three major components involving platform
improvermnent for existing mobile platformms, the desian
and dewveloprment of stationary observation nodes and
the devdopment of land-based monitoring and database.
The first two components will be tested rigoroushy through
controlled lake and ses tests. The tests conducted will
enable detailed performance oriteria to be determined. The
irforration will be used to improve and upgrade all the
available sub-modules.

In Stage 2, all three components in Stage 1 will be
integrated to form an observation systern prototype. The
rajor key in this integrated observation system is the
wireless comrunication between sub-rnodules within each
component, data acquistion from the mobile platform to
stationary nodes, and the pre-processed data transmission
frorn multiple stationany nodes to land-based monitoring and
database. At this stage, dedicated eco-system studies will
be conducted and matched to the most sutable platform or
group of platforms. A series of tests and further refinement
of the dedicated platform will be conducted. The system
criteria will be fited into field applications. Relevant sensor
rnodules will also be tested and further optimised. The land-
based rmonitoring and database centre will be tested for
realtirne data acquisition, analsis and wvisualisation. Most
research activities occour at this stage of the research.
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Finally in Stage 3. the optimised integrated ocean
observation system will be ready for actual industrial
application and market identification.



FUTURE PLANS AND FURTHER DEVELOPMENT

Starting from early 2012, the testing period will be used to evaluate the
rIOOE setup in a dedicated eco-systemn where several studies will bedone
and matched to the most suitable platformn or group of platforms. & series
of tests and further refinement of the dedicated platform will be conducted.
Subsequently, the system criteria will be fited into field applications.
Meanwhile, the relevant sensor modules will also be tested and further
optimised. The main control and cormmand centre will be tested for realtime
data acquistion, analysis and visualisation. B
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