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1. unARgaNI¥IdINge (Abstract)

Measurement -of water pollution is one of the most significant factors in evaluating
pollution condition in various important water resources, like drainage water from
communities, from industrial and agricultural areas. The objective of water quality
measurement is to quickly and frequently monitor water quality state and to quickly resolve
environmental problem in time. However, one of the existing problems is insufficient
knowledgeable personnel to help monitoring water quality. Thus, our research group
proposes to develop a kayak boat driven by podded propulsion that can be operated in
both fresh- and salt-water, especially along the costal lines. In additions, we developed an
in situ water-quality measurement system that can collect dynamic water quality
information and transfer this data from sampling points to a user in real time through 3G
internet network. As a result, this system can help reducing the risk as well as increasing
flexibility in field operations. This research project includes the following topics:

1. Developed podded propulsion system is capable to operate in both fresh- and salt-

water. New podded propulsion provides maximum thrust of 356 N, as a result the kayak



boat can overcome stronger flow current. This new design for timing-belt steering and
controlling speed of podded propulsion can be folded parallel to the boat such that it
can avoid obstacle in water and it is convenient for transporting. In field operation, both
propeller speed as well as propeller thrust direction can be controlled through
computer, which is useful for the autonomous way-point tracking integration.

. Cooling and water-tight system can prevent electrical and electronics equipment for all
control systems from over-heating in long and continuous operation and from fresh-
water and sea-water corrosion. This electronics compartment is designed to protect
water splash and to circulate internal air flow with inlet- and outlet-fans, to absorb
internal moisture with silica gel. From testing, boat equipment can be operated more
than 2 hour without any accumulated heat.

. Buoy system helps increasing boat stabilizing when the boat encounters strong wind or
wave in field operation. This buoy system, built from cylindrical foams, can extend
outward along boat side to increase side-span water-contact area. As a result, rolling
stability for roll angle < 30° and wave height < 50 cm can be achieved with this buoy
system, thus the boat can operate in mild sea or along shore line. Moreover, the second
buoy system can be folded along boat side for avoiding obstacle and for transporting.

. Automatic way-point tracking system for the kayak driven by podded propulsion
combines a full-state feedback with an observer. First, the way-point tracking controller
is constructed, tested, and improved using a mathematical model of kayak boat driven
by podded propulsion. Second, this controller is then applied to use with the actual
kayak boat to guarantee control system stability and to increase way-point tracking
accuracy.

. Navigation system for the kayak boat can fuse Latitude and Longitude coordinate from
GPS with 3-axis acceleration and angular rotation from Accelerometer and Gyroscope,
respectively, using the Extended Kalman Filter (EKF) technique. As a result, estimated
position and orientation of kayak can be used for a kayak way-point tracking control. In
the first step, a high-accuracy expensive GPS is compared against several low-accuracy
inexpensive GPSs in terms of horizontal accuracy within a rectangular surveying area. A
mean horizontal position from several inexpensive GPSs, excluding GPS outliers, is
almost equivalent to the horizontal position from the high-accuracy GPS. In the second
step, signals from both Accelerometer and Gyroscope sensors are integrated with GPS
position using EKF such that 3-dimensional positions, attitudes, velocities along with their

deviations are obtained.



6. Water-quality measurement system can measure water quality (temperature, pH, salinity
and dissolved oxygen) at various depths upto the maximum depth of 5 meter according
to operator’s command. The command is transmitted through 3G internet routers,
installed on the boat and on the shore. Then, the water-quality information can be
reported to the operators in real time through Web Server using the 3G internet network
with an average delay of 6 second. This delay time exists in both transmitting water-
quality information from the measurement system to operator and transmitting depth
command from operator to the measurement system.

This developed kayak boat driven by podded propulsion can be conveniently used for
water-quality measurement at desired points such that the operating time and users’ risk to
expose to contamination in the field can be reduced. This research emphasizes on
developing and improving of all systems to increase efficiency and to lessen overall cost,
particularly expensive sensors. At the same time, the performance of water-quality
monitoring and measurement is enhanced with 3G internet network. Moreover, this kayak
boat, equippéd with an echo sounder, has been deployed to survey canals’ depth in
Bangkok and Pathumthani provinces by Hydro and Agro Informatics Institute cooperation.
The canals’ and rivers’ depth information will be used in water management and updated

Thailand water resource database as well.
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