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ID60- CONTROL ARCHITECTURE OF A PROTOTYPE FOR THE REAL-TIME
VALIDATION OF EMERSION AND IMMERSION MANEUVERS OF UNDERWATER 
DEVICES FOR ENERGY HARNESSING 
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Abstract. - The exploitation of renewable marine energy sources requires devices 
which have been proven to be economically competitive with regard to other tra-
ditional energy sources. One of the current study aims is to reduce maintenance 
costs by successively automating more tasks. It is necessary to design and build 
laboratory prototypes in order to validate both the dynamic model and the control 
algorithms for the automatic emersion (depth to the sea surface) and immersion 
(from the sea surface to the depth of operation) maneuvers of devices with which to 
harness renewable energies. 
This paper presents the instrumentation and control architecture of a reduced scale 
prototype that was conceived for experimentation in a calm water basin. 
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I INTRODUCTION 
Automating emersion and immersion maneuvers for underwater devices that 
have been conceived with the purpose of harnessing marine renewable ener-
gies allows both time and economical costs to be reduced during maintenance 
and operation tasks. [1]-[4]. In this work we present the instrumentation and 
control architecture for a laboratory prototype that allows us to study the be-
havior of a device from the so-called second generation prototypes [5]-[7] for 
the exploitation of ocean currents. This device [8] is based on a central nacelle 
of an approximately cylindrical shape in which the Power Take Off (responsible 
for converting energy from ocean currents into electricity) is located. Three arms 

starting from the central cylinder, each of which has a symmetrical disposition 
of 120º, support three torpedoes which are aligned with the nacelle. These tor-
pedoes have two main functions: i) to align the device with the flow when it is in 
operation, and ii) to serve as ballast tanks with which to perform emersion and 
immersion maneuvers. This work presents a small scale prototype that was built 
to be tested in a calm water basin. It retains the original layout of the real scale 
device and requires a system of fully on board actuators, sensors and computer 
equipment to control both depth and attitude.
II.PROTOTYPE DESCRIPTCION
The initial specifications of the proposed laboratory prototype were:

• Its dimensions had to be appropriate for the calm water basin located at the
ETS I Navales at the Universidad Politécnica de Madrid.
• It would serve as a basis for the experimental study of the dynamics of sub-
merged and semi-submerged bodies with different shapes, and therefore had 
to be reconfigurable.
• It would serve as a basis for experimentation with various control algorithms
for depth and orientation, and therefore had to be easily programmed.
• It had to be possible to ship onboard owing to the need to reduce the presence 
of cables outside which would alter the dynamics of the whole prototype.

Fig. 1. Reduced scale 3D prototype
(left) CAD view of torpedoes and binding system 
(above) Final aspect at the laboratory
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III. CONTROL ARCHITECTURE
A set of actuators is coupled on each side of each cylinder. Each of these sets of 
actuators is composed of a DC motor controlled by means of a Maxon EPOS[9], a 
gear and a trapezoidal spindle/nut. Pressure sensors are used to measure depth 
while an inclinometer is used to measure three-dimensional attitude. A NIcRIO 
Real-Time Controller [10] is used as an embedded control computer. Two cRIO 
modules are used for I/O purposes: A NI-9853 module as a CANbus interface to 
connect six Maxon EPOS and a NI-9870 module as an RS-232 interface to con-
nect the inclinometer. A Personal Computer provided with Microsoft Windows 
and a NI Labview Development Environment is used as both the host and the 
development unit. It is connected to the cRIO computer via an Ethernet connec-
tion. Figure 2 shows a general scheme of the proposed architecture. 

IV. CONCLUSIONS
The instrumentation and control architecture of a prototype designed for the 
experimental validation of both dynamic models and control algorithms with 
which to maneuver the emersion and immersion of submerged devices for the 
harnessing of hydrokinetic marine energies has been described.
The proposed architecture is based on a host-PC in a Windows environment and 
a NI-RIO embedded computer which is responsible for acquiring measurements 
from sensors, processing control algorithms and computing the control signals 
to the actuators.  
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Fig. 2. Proposed Instrumentation and Control Architecture




