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The turbo-generator module consists of a turbine 
and an induction generator [6]. Its function is to 
transform the oscillatory pressure drop into 
electrical power. For this purpose, diverse control 
strategies can be applied [7-18].  
 
 

3 System Modelling 
Different approaches have been used in the 
literature [19-26].  
 

According by Airy linear theory, a wind wave 
can be described as an ideal sinusoidal wave [27]. 
From the wave equation, and taking into account the 
capture chamber geometry, it can be obtained the 
air-flow speed needed to determine (1):  
 

ሻݐ௧ሺݒ ൌ
଼௪

గమ
 sin గ

்
cos ଶగ

்
 (2)                    ݐ

Accordingly, the rotational speed representing 
the other variable needed to compute the 
aforementioned dp, may be obtained by considering 
the mechanical equation of the turbo-generator: 

ܪ ሶ߱ ௧  ௧߱ܨ  ܶ ൌ ௧ܶ                                      (3) 
 
 In this way, an expression for the pressure drop, 
that composes the main variable to take into account 
when simulating control schemes over MOWC 
devices, may be obtained by considering the above 
equations jointly with the characteristic curves of 
the turbine at hand represented by f (·):  
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4 Conclusion 
This paper has dealt with the modeling of OWC on-
shore wave power plants. The results have been are 
particularized for the case of the Mutriku’s MOWC 
power plant. Future research work will include the 
model for the wave, chamber and turbo-generator 
module implementation using a Characteristic 
Curve Tracking Control and its validation by means 
of experimental data. 
 
 
Acknowledgment 
This work was supported in part by the Basque 
Government through project IT1207-19 and by 

the MCIU through the Research Project 
RTI2018-094902-B-C22 (MCIU/AEI/FEDER,  
 
 
References: 
[1] Y. Torre-Enciso, I. Ortubia, L. I. López de 

Aguileta and J. Marqués, “Mutriku wave power 
plant: From the thinking out the reality”, in 
Proc. 8th Eur. Wave Tidal Energy Conf., 2009, 
pp. 319-329. 

[2]  Garrido, A.J., Garrido, I., Alberdi, M., 
Amundarain, M., Barambones, O., Romero, 
J.A. “Robust control of oscillating water 
column (OWC) devices: Power generation 
improvement”. OCEANS 2013 MTS/IEEE - 
San Diego: An Ocean in Common, art. no. 
6740982. 2013. 

[3] A. J. Garrido, I. Garrido, M. Amundarain, M. 
Alberdi and M. De la Sen, “Sliding-Mode 
Control of Wave Power Generation Plants” in 
IEEE Transactions on Industry Applications, 
vol. 48, no. 6, pp. 2372-2381, Nov. 2012. DOI: 
10.1109/TIA.2012.2227096. 

[4]  L.Gato and V. Warfield, “Performance of a 
high-solidity Wells turbine for an OWC wave 
power plant”, in Proc.Euro Wave Energy 
Symp., 1994, pp. 181-190. 

[5] Lekube, J., Garrido, A.J., Garrido, I., Otaola, 
E., Maseda, J. “Flow control in wells turbines 
for harnessing maximum wave power” (2018) 
Sensors (Switzerland), 18 (2), art. no. 535, 
DOI: 10.3390/s18020535. 

 [6] Marjani, A. El, F. Castro, M. A. Rodriguez and 
M. T. Parra, “Numerical modelling in wave 
energy conversion systems”, Energy, vol. 34, 
no. 8, pp. 1246-1253, 2008. 

[7]  Garrido, I., Garrido, A.J., Romero, J.A., 
Carrascal, E., Sevillano-Berasategui, G., 
Barambones, O. “Low effort LI nuclear fusion 
plasma control using model predictive control 
laws” in  Mathematical Problems in 
Engineering, art. no. 527420, 2015. DOI: 
10.1155/2015/527420. 

[8]  Garrido, I., Garrido, A.J., Sevillano, M.G., 
Romero, J.A. “Robust sliding mode control for 
tokamaks” in Mathematical Problems in 
Engineering, art. no. 341405, 2012. DOI: 
10.1155/2012/341405. 

[9]  Garrido, A.J., De La Sen, M., Soto, J.C., 
Barambones, O., Garrido, I. “Suboptimal 
regulation of a class of bilinear interconnected 

WSEAS TRANSACTIONS on SYSTEMS and CONTROL
Aitor J. Garrido, Izaskun Garrido, 

Amparo Villasante, Manuel de la Sen

E-ISSN: 2224-2856 221 Volume 14, 2019



systems with finite-time sliding planning 
horizons” in Mathematical Problems in 
Engineering, art. no. 817063, 2008. DOI: 
10.1155/2008/817063. 

[10] Jerzy Klamka, Adam Czornik, Michał 
Niezabitowski, Artur Babiarz “Controllability 
and minimum energy control of linear 
fractional discrete-time infinite-dimensional 
systems”, Proceedings of the 11th IEEE 
International Conference on Control & 
Automation, 18-20.06.2014 r., Taichung, 
Taiwan, pp. 1210-1214. 

[11] M. De la Sen, “Adaptive sampling for 
improving the adaptation transients in hybrid 
adaptive control”. International Journal of 
Control, 41 (5), pp. 1189-1205, 1985. DOI: 
10.1080/0020718508961191. 

[12] Artur Babiarz, Adam Czornik, Jerzy, Klamka, 
Michał Niezabitowski, “Controllability of 
discrete-time linear switched systems with 
constrains on switching signal”, Proceedings of 
the 7th Asian Conference on Intelligent 
Information and Database Systems (ACIIDS 
2015), 23-25.03.2015 r., Indonesia, Part I, 
Lecture Notes in Artificial Intelligence, 9011, 
304-312 (2015). 

[13] Jerzy, Klamka, Adam Czornik, Michał 
Niezabitowski, Artur Babiarz, “Trajectory 
controllability of semilinear systems with 
delay”, Proceedings of the 7th Asian 
Conference on Intelligent Information and 
Database Systems (ACIIDS 2015), 23-
25.03.2015 r., Bali, Indonesia, Part I, Lecture 
Notes in Artificial Intelligence, 9011, 313-323 
(2015). 

[14] Barambones, O., Garrido, A.J., “An adaptive 
variable structure control law for sensorless 
induction motors” European Journal of Control, 
13 (4), pp. 382-392. 2007. DOI: 
10.3166/ejc.13.382-392. 

[15] Goretti Sevillano, M., Garrido, I., Garrido, A.J., 
“Sliding-mode loop voltage control using 
ASTRA-Matlab integration in Tokamak 
reactors” (2012) International Journal of 
Innovative Computing, Information and 
Control, 8 (9), pp. 6473-6489. 

[16] Garrido, I., Romero, J.A., Garrido, A.J., 
Lucchin, D., Carrascal, E., Sevillano-
Berasategui, G. “Internal inductance predictive 
control for Tokamaks” (2014) World 
Automation Congress Proceedings, art. no. 
6936072, pp. 628-633. DOI: 
10.1109/WAC.2014.6936072 

[17] Lekube, J., Garrido, A.J., Garrido, I. 
“Rotational Speed Optimization in Oscillating 

Water Column Wave Power Plants Based on 
Maximum Power Point Tracking” (2017) IEEE 
Transactions on Automation Science and 
Engineering, 14 (2), art. no. 7552497. DOI: 
10.1109/TASE.2016.2596579 

[18] Alkorta, P., Barambones, O., Garrido, A.J., 
Garrido, I. “SVPWM variable structure control 
of induction motor drives”. IEEE International 
Symposium on Industrial Electronics, art. no. 
4374768, pp. 1195-1200. 2007. DOI: 
10.1109/ISIE.2007.4374768. 

[19] Garrido, A.J., Garrido, I., Barambones, O., 
Alkorta, P., Maseda, F.J. “Simple linear models 
for plasma control in Tokamak Reactors” 2008 
International Conference on Control, 
Automation and Systems, ICCAS 2008, art. no. 
4694261, pp. 2429-2432. 2008. DOI: 
10.1109/ICCAS.2008.4694261. 

[20] Artur Babiarz, Jerzy Klamka, Radosław 
Zawiski, Michał Niezabitowski, “An Approach 
to Observability Analysis and Estimation of 
Human Arm Model”, Proceedings of the 11th 
IEEE International Conference on Control & 
Automation, Taichung, Taiwan, pp. 947-952 
(2014). 

[21] Adam Czornik, Michał Niezabitowski, 
“Alternative formulae for lower general 
exponent of discrete linear time-varying 
systems”, Journal of the Franklin Institute, 352, 
399-419 (2015). 

[22] De la Sen , M., “On the robust adaptive 
stabilization of a class of nominally first-order 
hybrid systems”, IEEE Transactions on 
Automatic Control, Vol. 44, No. 3, pp.  597-
602, 1999. 

[23] Aitor J. Garrido, Izaskun Garrido, Odysseas 
Chalatsakos, Ander Viñas, Ainhoa Villaverde, 
Vicente Queral and Jesús A. Romero, 
“Modelling and control of the UPV/EHU 
Stellarator”, Proceedings of the IEEE 23rd 
Mediterranean Conference on Control and 
Automation (MED), June 16-19, 2015. 
Torremolinos, Spain (2015). DOI: 
10.1109/MED.2015.7158785  

[24] Garrido, I., Lee, B., Fladmark, G.E., Espedal, 
M.S., “Convergent iterative schemes for time 
parallelization” (2006),  Mathematics of 
Computation, 75 (255), pp. 1403-1428. DOI: 
10.1090/S0025-5718-06-01832-1 

[25] Nistal, R., De La Sen, M., Alonso-Quesada, S., 
Ibeas, A., Garrido, A.J., “On the stability and 
equilibrium points of multistaged SI (n) R 
epidemic models” (2015), Discrete Dynamics 

WSEAS TRANSACTIONS on SYSTEMS and CONTROL
Aitor J. Garrido, Izaskun Garrido, 

Amparo Villasante, Manuel de la Sen

E-ISSN: 2224-2856 222 Volume 14, 2019



in Nature and Society, 2015, art. no. 379576. 
DOI: 10.1155/2015/379576 

[26] Sevillano, M.G., Garrido, I., Garrido, A.J., 
“Control-oriented Automatic System for 
Transport Analysis (ASTRA)-Matlab 
integration for Tokamaks” (2011) Energy, 36 
(5), pp. 2812-2819. DOI: 
10.1016/j.energy.2011.02.022. 

[27] De la Sen, M., Bárcena, R., Garrido, A.J. “On 
the intrinsic limiting zeros as the sampling 
period tends to zero” IEEE Transactions on 
Circuits and Systems I: Fundamental Theory 
and Applications 48(7), pp. 898-900. 2001. 
DOI: 10.1109/81.933332. 

 [28] I. Garrido, A. J. Garrido, M. Alberdi, M. 
Amundarain and O. Barambones “Performance 
of an Ocean Energy Conversion System with 
DFIG Sensorless Control” in  Mathematical 
Problems in Engineering, vol. 2013, no. 1, pp. 
14, 2013. DOI: 10.1155/2013/260514.–– 

WSEAS TRANSACTIONS on SYSTEMS and CONTROL
Aitor J. Garrido, Izaskun Garrido, 

Amparo Villasante, Manuel de la Sen

E-ISSN: 2224-2856 223 Volume 14, 2019




