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Abstract：This paper describes a study for the buoy which should be operated by a 

stand-alone power system. The field of this study is related to a power system operated 

by two batteries which depends on the load power. The fluctuation of the voltages makes 

the life cycle of the battery shorten. The control algorithm has been proposed for reducing 

the voltage pulsation of the battery by operation strategy according to using purpose such 

as main or sub power supply system. The power system with battery is separated two 

parts and this has been proved through a simulation and a sea experiment. In order for 

the experiment to use a wireless monitoring system has been installed in buoy. This 

paper shows an excellent test result of wireless monitoring system for buoy.
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1. Introduction
A buoy, which is a traffic facility for 

maritime safety, is operated to help ships 

to sail safely in the difficult condition to 

identify a sea sight, such as nighttime 

and foggy and therefore a stabilized power 

supply is required in rough sea condition. 

At present, most of the buoy is using the 

stand-alone power system employing the 

photovoltaic cells. However, the PV 

module system can cause the lack of the 

power because the power quantity from 

the photovoltaic cells can be lower in a 

rainy condition which is affected by a 

typhoon and a heavy rainy season as 

seasonal and climatic factors. To solve 

these problems the research on a hybrid 

generation system combined with the 

photovoltaic is in progress.

In case of a buoy, there are marine 

signal lights and communication systems 

as main loads and Anti-Fouling System 

(AFS) and dummy System as auxiliary 

loads. The quantity of power generation at 

sea depends on the weather condition. 

Therefore, in accordance with the quantity 

of power generation when over produced 

the power should be consumed by using 

the auxiliary load systems and when the 

lack of the power the power source of the 

battery should be protected with blocking 

the auxiliary power. The life cycle of the 

battery decreases depending on the 

number of charging or discharging and the 

variation of battery voltages getting 

bigger. In order to enhance this point, a 

charging control system with centering to 

the battery voltages is important. At 

present, in case of the buoy at sea, it is 

observed by going to the sea directly with 
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some intervals to identify the condition of 

the voltages and generated power of the 

battery. Mostly, on account of going out 

when the weather is benign the number of 

charging and discharging and voltage 

variation rate cannot be noticed[1-3].

This work proposes a hybrid generation 

power system that consists of the battery 

divided into two parts such as main and 

sub. In order to find out whether the 

control characteristics of the proposed 

system can reduce the pulsation of the 

battery voltages the fluctuation of the 

battery voltages has been observed by 

installing a wireless communication 

system which enables the buoy to be 

observed at sea.

2. Hybrid Power System for Buoy
The hybrid buoy in this study consists 

of the photovoltaic cells and wave energy. 

The wave energy generation for the buoy 

is designed by Oscillating Water Column 

(OWC) type. OWC is suitable for the buoy 

like the resonance dependant on the 

movement of the buoy. Figure 1 shows the 

hybrid buoy which is designed with solar 

and wave generation system.

The power generated by the PV module 

and wave generator is charged to a 

battery and that charged power is used 

for marine signal lights, AFS system and 

auxiliary loads. The photovoltaic and 

wave power generation have mutually 

complementary characteristics in the 

weather environment. When the weather 

is fine the photovoltaic generation 

produces a lot of power and when a wave 

height is high the wave generation 

produces a lot of power. In case of cloudy 

and rainy days, a wave height has the 

characteristic to be high for strong wind. 

The wave power is generated in 

accordance with the movement of water. 

This movement is affected by the 

resistance inside OWC and water flows 

into water column.

Figure 1: Hybrid buoy(Solar & Wave)

2.1 Power Control System

The structure of the hybrid buoy 

consists of battery, marine signal lights 

and auxiliary loads. Figure2 (a) shows the 

power control system for hybrid buoy. The 

battery is charged with a produced power 

and the charged power is supplied to 

marine signal lights and auxiliary loads. 

The battery voltage is changed with a 

weather condition, and the battery's life 

is decided by the cycle of charging and 

discharging in battery.
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To extend the battery's life in buoy, the 

power system is divided into two parts 

such as sub (65Ah) and main (150Ah) 

battery for power supply. The sub and 

main batteries can be charged 

respectively. 

(a) Original hybrid power control system  

(b) New hybrid power control system

Figure 2: Hybrid power control system

Figure3 shows a hybrid power system 

configuration which is operated with the 

battery charging and load conditions.

Figure 3: Hybrid power system

The hybrid power system can be 

charged the main and sub batteries, 

respectively, and the battery's power is 

supplied to the load according to power 

condition. This hybrid power system 

operates with a various control and 

switching algorithm such as reverse 

voltage blocking, multi-switching algorithm, 

etc.

2.2 Power Control Algorithm

Hybrid power controller is the most 

important to maintain a constant voltage 

of the battery because it was remodelled. 

Lead-acid batteries used in marine 

facilities, and is a 12V 200Ah capacity. 

The battery voltage has to keep about ± 

10% of the rated voltage. Battery 

discharge voltage can be calculated with 

Equation (1).

·
  ·


 (1)

Where,  is the rated battery voltage, 

 is 10% lower than the rated voltage, 

which is the discharged battery voltage,  

is the capacity degradation of lead acid 
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battery. [Ah] is the capacity,  is the 

charging current. [V/min] is the 

voltage variation of battery when battery 

is charged or discharged. The loss of 

battery's internal resistance is ignored in 

this equation.

The relationship between production 

power and consumption power is shown in 

Figure 2.  is total production power, 

 is photovoltaic generation power, 

 is wave generation power,  is 

power line loss of production power.  is 

charging power of main battery,  is the 

power consumption of marine signal 

lights.  is the sub battery charging 

power in 2-battery system and sub load 

discharge power in 1-battery system, 

respectively. The sub load power when the 

2-battery system discharged from the sub 

battery.

   
  

 (2)

The charge-discharge current with main 

battery charge-discharge power and 

battery voltage are unknown. The 

Equation (3) shows the relationship 

between charge power and charge- 

discharge current.  is power consumption 

of the system.  is battery voltage,  is 

unit time per minute.

 








             (3)

Buoy on sea has not enough power for 

operating equipments because it is 

operated by the stand-alone power 

system. However, the consumption power 

in buoy is a lower than production power 

when the buoy designed.  Figure 4 shows 

the power control algorithm of main and 

sub battery. The battery voltage is 

controlled according to battery voltage. 

Also, the switching strategy is operated 

with battery voltage and operation 

condition for load[4-7].

(a) Voltage of main battery

(b) Voltage of sub battery

Figure 4 Power control algorithm

The control algorithm for arbitrary 

generation power and consumption power 

in buoy was assumed for simulation. 

Figure 5 shows the simulation results by 

control algorithm. The simulation results 

show that the battery voltage is changed 

by weather condition and consumption 

power of operation equipment in 

buoy[8-10].
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Figure 5: Simulation results

3. Monitoring System for Buoy
Power system for buoy can be checked 

by monitoring system. Specially, the 

battery status always has to detect in real 

time for buoy's duty. For this purpose, 

the monitoring system for buoy is 

designed with a wireless communication 

system. The monitoring system is shown 

in Figure 6. 

Figure 6: Monitoring system for sea test

It is consisted of RF modem, repeater, 

monitoring PC, and program. The 

monitoring system for buoy can be 

operated with low-cost wireless modem, 

no communication charge because buoy 

has to operate for long time. This system 

installed two PV modules and one Wells 

turbine, the capacity is 80W and 30W, 

respectively.

4. Experiments and Analysis
The power system influences the 

operation efficiency of battery. In this 

paper, 1 or 2 battery type for power 

system in buoy is installed, and it is 

operated with the hybrid power generation 

system. Figure 7 shows the experiment 

buoy, repeater, and monitoring screen.

Figure 7: Experiment buoys(L), repeater(C) and 
monitoring screen(R)

Figure 8: Voltage regulation of 1-battery type

Figure 9: Voltage regulation of 2-battery type

In 1-battery type buoy, the battery 

voltage is changed in Figure 8. Figure 9 
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shows the battery voltage of 2 battery 

type in buoy. The voltage variation of 

2-battery type is lower than 1-battery 

type in power system. Also, the 

monitoring data can be achieved with the 

designed wireless communication system.

5. Conclusion
This paper is described the hybrid 

power system with battery in buoy. The 

power system of 2-battery type can be 

operated with reducing voltage variation 

of the battery. Specially, the hybrid power 

generation system for buoy extracts power 

from solar and wave according to weather 

condition for a whole day. The power 

system of 2-battery type is more efficiency 

in the hybrid power generation system. 

This system is expected to be operational 

and cost effectiveness. In addition, the 

monitoring system with RF modem is 

low-cost monitoring system which 

life-cycle research for battery is needed 

through various tests.
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