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As an apropos of a program held in Leuven, Belgium, has been suggested to build a watercraft that can be controlled 
from the riverbank. The show was a big belgian program, the celebration of the canonization of Father Damien. Father 
Damien was a roman catholic priest at the 19th century. He won recognition for his ministry to people with leprosy (also 
known as Hansen's disease), who had been placed under a government-sanctioned medical quarantine on the island 
of Molokai in the Kingdom of Hawaii. 
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Objectives, motivation 

As an apropos of a program held in Leuven, Belgium, 
has been suggested to build a watercraft that can be 
controlled from the riverbank, suitable to carry some 
spectacular decoration and has high-tech features like 
cameras, displays, etc. The wishlist was: the boat should 
be 
- reliably controlled on a river, 
- able to carry a 2*1 m sized decoration, 
- controlled from a computer (or laptop, PDA) from 

the riverbank through wireless. 
- The controller interface (software) should display 

the picture of the boats onboard camera and 
- switchable electric units (lights, LEDs, motors,etc) 

can be switched from the controller interface. 
 

The show was a big belgian program, the celebration 
of the canonization of Father Damien. Father Damien 
was a roman catholic priest at the 19th century. He won 
recognition for his ministry to people with leprosy (also 
known as Hansen's disease), who had been placed under 
a government-sanctioned medical quarantine on the island 
of Molokai in the Kingdom of Hawaii. The decorations 
of the 25 small boats shows moments of his life from 
Tremelo through Leuven to Molokai. 

The location of the river show is the Dijle river from 
Leuven to Tremelo (the birth town of Father Damien). 
Remote controlling the boats down the river requires 
sophisticated control system.  

Designing the structure and the electronics 

The first step was to design a reliable driving scheme. 
To achieve good manoeuvrability on river requires two 
independent motors. The rear mounted motor gives the 
throttle and break power, the crosswise mounted motor 
in the front of the boat gives the steering by switching 
he motor to rotate CW or CCW. We choose the Yamaha 
M-12 electric boat motor because it has enough power 
to move the boat and operates from 12V DC supply that 
can be a high capacity battery, and easy to switch with 
relays. On full throttle these motors consumes 30A 
current, so we need large batteries and energy-efficient 
control method to reach two to three hours of operation. 
Fig. 1 shows the 3D boat model i made. On the model I 
placed the two 100 Ah batteries to test the weight balance 
of the body.  

 

 
Figure 1: 3D model of the boat 
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Figure 2: Arrangement of the motors under the boat 

 
The design criteria of the electronic system was as 

follows: 
- the controller should be absolutely reliable, it is 

unadmittable to leave the boat without control, 
- to switch the high power of the motors requires 

robust, high power electronics, 
- modular design, in case of failure needs the ability to 

change or repair only the failed module, easy to 
improve and more stable. Each component does only 
one function and does that perfectly. 

 
The first step was the development of the switching 

electronics. This PCB is responsible for switching the 
motors (throttle with three speeds, break, steering) and 
the decoration’s lights, which are 24 pieces of 12 V DC 
output. 

A conventional PC or laptop has only few controllable 
output, so we need a suitable PCB for this role. After 
extensive research I’ve found the solution: the PCA9555N 
IC made by Philips Semiconductor. This clever circuit 
communicates over I2C bus and has 16 I/O general 
purpose pins. Each pin can be configured to act as input 
or output independently. The boatcontroller PCB has 32 
outputs (2*4 for the motors and 24 for the decoration), 
so can be implemented with 2 pieces of PCA9555N. 
Because of the outputs of the IC are connected with 
devices outside the boat (the “outer world”), it is crucial 
to provide sufficient protection for the sensitive circuit 
against overvoltage and transients. This protection consists 
of an optocoupler and a small relay on each ouptut pin. 
This means full galvanical detachment between the low 
current, low voltage circuit and the high current, high 
voltage (12 V DC) devices. The LEDs on the decoration 
are switched by those small relays, but the motors are 
attached through additional large, 40 amp relays. Fig. 3 
shows the first version of this PCB. 

However the switch circuit is only a small piece of 
the whole system. The project needs an onboard computer 
that serves the user interface by a java servlet and a 
controller computer able to communicate with buch of 
devices, an audio amplifier, wireless network appliances, 
camera for the remote control function, DC/AC inverter 
to power the displays. Fig. 4 shows the plan of the 
whole on-board system. 

 
Figure 3: First version of the switch circuit 

 
The next step is the selection of the onboard computer. 

To do this, let’s summarize it’s tasks: 
- serves the user interface (java servlet), 
- handles the camera over USB or WLAN, 
- plays videos, presentations, shows the cameras picture 

on the displays mounted on the front and back of the 
boat. 
 
The controller computers tasks: 

- control the switching electronics according to the 
commands given by the user interface, 

- handling the GPS receiver, determining the coordinates 
and speed of the boat. 

 
Based on those task lists, the chosen device for the 

role of the onboard computer is the Zotac IONITX-A-E 
miniITX, intel Atom N330 dualcore CPU based mainboard 
with integrated video, audio and network (wireless and 
wired) interface.  

This satisfy the our needs and the power consumption 
on full load is under 40 W. 

The controller computer also has to be energy 
efficient and has to be able to communicate over  
RS-232, I2C and ethernet. For this role the Verdex Pro 
XL6P embedded COM (Computer On Module, shown 
on Fig. 5) made by the Gumstix Co. (California, USA) 
is an adequate choice. This is a small device (only 
80*20mm) with lower than 2W power consumption, 
600 MHz Marvell PXA270 CPU, 128 MB of RAM and 
runs linux operatng system. The Verdex Pro XL6P has 
USB, I2C, SPI, GPIO and ethernet interfaces. 
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Figure 4: System plan 

 

 
Figure 5: Gumstix Verdex Pro XL6P COM 

 

 
Figure 6: Software components and hierarchy on the BoatController 
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Software development, implementation 

My primary task was the development of the software 
that runs on the controller computer hence I will explain 
this work hereafter. 

The scope of this software is to control the boat, 
handle the GPS module, collect the informations 
(coordinates, speed) and switch the motors and the 
decorations lights according to the commands given by 
the user interface. 

I’ve decided to design a multithreaded software in 
which the functions are running in separate threads 
independently. In this way the separate functions will 
not block each other e.g. if the GPS interpreter function 
can’t get any correct data other functions can work 
nevertheless they don’t have to wait for it. 

The separate threads are joined in the shared memory. 
This stores the informations from the UI and the GPS 
module respectively. 

The most important part is the one that communicates 
with the switching board. This piece of software is 
responsible for setting the outputs according to the 
information stored int he shared memory. If this function 
fails the boat gets uncontrollable. The data link between 
the control computer and the switching board is I2C with 
400 kHz clock speed. The I2C is a simple communication 
protocol, consists of three wires: data (SDA), clock (SCL) 
and ground (GND). Each data packet contains a 7 bit 
I2C address, 1 R/W bit and 16 output status bits. 

The ‘SET/GET’ type commands from the user 
interface comes over ethernet. The Process1 interprets 
this commands, in case of a ‘GET’ command it returns 
the desired data from the shared memory. In case of a 
‘SET’ command writes the given data to the appropriate 
cell of the shared memory. The Process3 sends commands 
to the switching circuit over I2C based on the changed 
shared memory cells. The function of the Process2 is to 
handle the GPS receiver connected to the serial port, 
interpret the datas and put them to the shared memory. 

Testing, observations 

The first tests of the boat were made on a lake, there the 
functions and the control systems reliability were 
examined under unperturbed conditions. On this first 
tests we encountered with some strange behaviours. At 
the moments when the relays switched and the motors 
started the control circuit locked up in 3 cases from 10. 
We have determined that the heavy voltage drop and 
transients affects the communication on the I2C bus that 
freezes hence the boat gets out of control. After 
correcting this problem the system worked reliable and 
robust under tough circumstances on rivers and waits to 
accomplish the demonstration. 
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