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Abstract

This work focuses on the usage of robotics technology in the process of environmental data collection
for the purpose of environmental protection, water resource management, and flood protection. The Department
of Science Service (DSS) has designed and built a field mobile robot in the form of modified single seat “sit-inside”
touring kayak driven by a pod propulsion system. The kayak’s body can traverse a variety of water surfaces.
The pod propulsion system is suitable for a kayak since the drive system is compact and it gives the kayak
the agile movement. The use of rudder is replaced by the heading motor and trolling motor set which gives better
maneuvering and stall-free motion. The robot boat can be controlled in two modes- Manual control and
Autonomous waypoints tracking. In manual control mode users can control the robot remotely via 2.4 GHz radio
system at the distance less than 1km. The Autonomous control is realized by the Double PD loop control algorithm
which receives navigational data from a global positioning system (GPS) and an inertial measurement unit (IMU)
and send command signal to the pod propulsor. The robot boat can be mounted with a variety of scientific
instrument such as a multi-parameter head sensor, an echo sounder, and an automated water sampler system. The
users can inquire real-time data from any sensors on the boat via wireless communication network such as WLAN,
EDGE/GPRS, or 3G (subject to availability of the network). This research work was already put to work in real-world
application in the event of the 2011 Thailand’s great flooding. The robot boat equipped with a single beam echo
sounding system was used to acquire depth data of the canals to identify the clogging points. The data was use in

planning the drainage of flooded water in Bangkok Metropolitan area.
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Figure1 Canals around Bangkok Metropolitan are shallow, narrow and usually are crossed by low clearance
bridges. Therefore, small draft and low clearance are the two important specifications of the robot boat. Robot

in the kayak form has no problem getting through this environment.
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Figure 2 Small size reservoirs (< 10,000 m?) to medium size reservoirs (10,000 m* to 1 km?) are an ideal place
for the robot boat to perform autonomous data acquisition or environmental sampling. This figure shows the

robot boat performing a bathymetric operation in the ~90,000 m? reservoir.
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Figure 3 The boat driving mechanism or the pod propulsion system is composed of a heading motor mounted

vertically and a thruster (trolling) motor connected to the shaft extended from the heading motor.
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Figure 4 The DSS'’s robot boat is a modified kayak structure with motor. It is equipped with GPS and IMU for
position and heading control. The pod propulsion system is used to drive the boat. The deep cycle battery is

used to power the pod propulsion system, a computing unit, and a wireless data link unit.

Table 1 Robot boat’s key performance parameters

Parameter
Maximum speed 7 Km/hr. (2 m/sec)
Minimum turn angle 0 degree
Maximum angular speed 30 degree/sec
Battery life 1-1.5Hr.
Maximum payload 100 Kg.
Width x Length 3.85mx 68 cm
Head clearance 60 cm
Draft 50 cm
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Figure 5 Diagram shows the control system via remote radio control.
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Figure 6 The diagram shows the control system in autonomous waypoints tracking mode
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Figure 7 Two kinds of navigational sensors are used to control the robot in auto mode. RTK-GPS receiver from
TOPCON Model Hiper GA (left) and IMU from MicroStrain Model 3DM-GX2 (right). A GPS gives real-time loca-

tion of the robot boat. An IMU gives real-time heading angle information.
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Figure 8 Diagram showing the parameters that are used in the double PD loop waypoints tracking control. Note

that the IMU's frame of reference is always 180 degree different from the GPS’s frame of reference.
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Figure 9 Simulation shows the conversion from an initial point toward the goal point. At each instance (200

milliseconds), the two loops are servoing heading angle toward the goal set angle and the distance to zero.
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Table 2 Value of each Gain used in Double PD control loop

Gain Value

K 8
el

K 3.3
d

K 65000
p2

K 2000

Table 3 A set of four GPS waypoints in figure 10 that was used to test the navigational accuracy of the

autonomous waypoint tracking control algorithm

'egm'?"l ALUUS GPS
1 N 14 02.02961 E 100 43.54788
2 N 14 02.02981 E 100 43.52863
3 N 14 02.00563 E 100 43.52892
4 N 14 02.00504 E 100 43.54803
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Figure 10 The trajectory of the robot boat during the way point tracking control test. The robot boat can perform the

tracking of the four points well.
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Figure 11 Echo sounder head and its installation at the bow of the kayak boat. The left figure shows the head during the deployment.

The right figure shows the head in stowing position
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Figure 12 Auxiliary equipment can be installed on the robot boat such as the water auto-sampler, a high defini-

tion camera, and a multi-parameter head for water quality measurement.
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Figure 13 Another effective use of the robot boat is to survey the reservoir with the echo sounder in order to gain volumetric
information. The bathymetric process using robot boat is preferred over the old method of manual measurement at each point

because of the time saving and the great accuracy provided by the precise movement of the robot.

15AITHANIYITING NTHINENAIRAS LT V
Ui 1 a1iudi 1 ang1An - Agurzu 25551170



o = ¢ o
W NININYIATINRTUINIT

TuguRauAAIANTING AANEYW 2554 NINANEAansENIssanteiugudltRNsdaemaelsraugnnie
(Adn.) mﬂﬁm@ﬁ’ﬁmmﬁmz'ﬁwﬁuu??mi@”mmﬁzmﬂﬁﬂuﬁwﬁﬁLﬁmmmimﬁﬂ’émLLi\ﬁﬂﬁu"ﬁmiﬁ@Tmﬂﬁizuume
mﬂiuiaﬂﬁﬁﬁuuﬁymmm']uéqmﬁmwdﬁmmﬂummumﬂm?wmﬂﬁfm,lmmmwm ey mﬁwmmmm‘ﬁmﬂu
maqmvmumﬁmnmmmmmqﬂumqmwumummkuﬂﬂmmm 3Wummﬂmmwaﬂ (T 14) TunumdnAny
‘lumuﬂmﬂuawnnmLL@”mﬁ‘vmﬂm m@mmm@ﬂwimmmmmiﬂmLﬂﬂmﬂm@@ﬂmm@mm@mimwm@@mnmum
Lwaﬂn‘imiﬂumii:mﬁm@aﬂmnwummmﬂmqum

sruvaNnniudiayanuangndRuieaingiUnanl GPS wavszuulaung lhetnesanidausiugindiasnig
dfmmeauﬁfaﬁl%ma‘wﬁmem%@g@‘llmmu A AeAa iU Benanauuiduie furzresdninszunarin
NIUNNNUNUAT ﬁaﬂﬁu"ﬁmﬂwﬁmmmﬁﬂmmﬂmﬁwﬁ@ ﬁaﬁuﬂuﬁmmmuammmam%“iﬁmi (ﬁqm‘wﬁ' 15)

ARAIAIANIT
AaanaLaEuLay

fonmsysruan i@
AaaviuLiiu
3 i vinaniigu

nuidNaanasy

»

Figure 14 Example of the information giving out to the Army’s Armed Forces Development Command. It is
composed of GPS points and the depth information at each point plotted on Google Earth. As shown in the figure,

the area near the junction point of Klong Ladprao and Klong Sanseab has shallow patch which needs to be cleared

out for better drainage.
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Figure 15 We used the kayak boat in manual mode equipped with echo sounding system to survey Bangkok
Metropolitan’s canals during the 2011 Thailand’s great flooding. The system helped identifying the shallow spots.
Such information was useful for pin pointing the digging operation in order to clear the canals for effective drain-

age of the flood water.
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