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1. UNANEBN1IEIBINgY VBIlASINTSEaaN 2 (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. Moreover, this water quality information can be used as a
database for water resource managements in several aspects. Thus, our research group
proposes to develop an in situ water-quality measurement system that can collect dynamic
water quality information (pH and temperature and salinity or dissolved oxygen) and transfer
this data from sampling points to a user in real time through 3G internet network. Another
concept of our team in this research is to reduce a high cost of navigation sensors by fusing
signals from several low-cost GPS and IMU sensors together. Results from the sensor fusion
provide boat’s estimated position and orientation with similar accuracies as those of high-
cost sensors. Therefore, overall cost of autonomous boat is reduced so that public and
private organizations could afford to use this kayak boat for a wide range of real
applications. This research also vyields the navigation technology, developed within our
country, and reduces imports of expensive sensors from aboard in near future. The second

part of these research projects includes the following topics

1. Development of the navigation system for kayak boat by using the Extended
Kalman Filter technique to fuse the following information: Latitude and

Longitude coordinate from GPS and 3-axis acceleration from Accelerometer and
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3-axis angular rotation from Gyroscope such that estimated position and
orientation of kayak can be used to perform a kayak way-point tracking control. In
the first step, a comparison between a high-accuracy expensive Topcon GPS and
several low-accuracy inexpensive GPSs in terms of horizontal accuracy is
performed within a rectangular surveying area. A mean horizontal position from
several inexpensive GPSs is almost equivalent to the horizontal position from the
high-accuracy GPS, when horizontal-position outliers from some GPS are
excluded from the mean position calculation. In the second step, signals from
both Accelerometer and Gyroscope sensors are integrated with GPS position
using the Extended Kalman Filter such that three-dimensional positions, attitudes,
velocities along with their standard deviations. Results show that the vertical-
position accuracy is at least ten times smaller than the horizontal-position
accuracy.

2. Design and construction of a water quality measurement system that can
measure water quality (pH and temperature and salinity or dissolved oxygen) at
various depths up to the maximum depth of 5 meter according to specified
operator’s command transmitted through 3G internet routers, which are installed
on the boat as well as on the shore. Then the water quality information can be
reported to the user in real time through Web Server using the 3G internet
network with average delay of 6 second. The same 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 kayak boat driven by podded propulsion can be conveniently used in real
applications 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 navigation systems to reduce a construction
cost and to increase capabilities of the water quality measurement as well as the telemetry
system and control through internet using 3G internet network. All measured information
will be transmitted to Web Server, as a result other organizations can securely access these

information and put them to good use more easily and broadly.



