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Abstract. The operating behavior of shipboard electrical consumers is represented using finite-state 

machines. For one group of consumers, the operating mode depends on the technological stage of the vessel’s 

operating cycle, whereas for another group it is independent of that stage and may vary with the time of day. 

Switching times, operating durations, pauses, and power levels are modeled as random variables with empirically 

determined distributions. The resulting network of automata is integrated into the vessel power plant model to 

simulate the operation of the principal electrical consumers. 

Keywords: finite-state machine, electricity consumers, vessel operating cycle, power demand 

 

Introduction. For each vessel type, characteristic operating modes can be identified that determine patterns of 

electricity consumption. Most of these modes follow cyclical time sequences whose stage durations are represented 

by random variables with statistically defined distributions. In addition, for most vessel types, groups of consumers 

can be distinguished whose operating times, pause durations, and power levels depend on the current stage of the 

cycle [1, 2]. For industrial vessels, for example, characteristic operating modes include port berthing, maneuvering, 

transit to fishing grounds, departure from fishing grounds, industrial operation, and emergency operation. 

Accurate modeling of shipboard electrical consumers is essential for assessing power demand under realistic 

operating conditions. Since the behavior of many consumers is stochastic and may depend on the vessel’s operating 

stage or time of day, as shown in [3], purely deterministic representations are often insufficient. The finite-state 

machine approach has proven effective for describing the behavior of shipboard automation systems, as 

demonstrated in [4, 5]. The same modeling paradigm can also be successfully extended to represent the operating 

logic and power consumption patterns of shipboard electrical consumers. A finite-state-machine-based approach 

therefore provides an effective means of describing consumer operation and the vessel’s daily operating cycle. In 

this approach, each consumer can be represented by discrete states, while transitions between states are determined 

by random time intervals generated from empirically identified distributions and their parameters. 

Consumer operation is simulated in the Stateflow environment of MATLAB. The resulting network of finite-

state machines is incorporated into the ship power plant model and executed at each simulation step, with one step 

corresponding to minutes of real time. 

The purpose of the work is to develop a finite-state-machine-based model for simulating the operation of 

shipboard electrical consumers under varying vessel operating conditions. This model is intended to represent the 

stochastic behavior of major consumers and to incorporate their power demand into the overall vessel power plant 

simulation. 

Figure 1 shows the flowchart of the AD1 automaton, which simulates the operation of the AD1 consumer 

depending on the stage of the vessel’s daily cycle. State AD1_0 corresponds to the off state of the unit, while state 

AD1_1 corresponds to the on state. This consumer operates intermittently, a mode typical of cargo-handling 

mechanisms, with a period of 1 min and an engine on-time of min. Therefore, state AD1_1 is divided into two 

nested substates: operation and pause (AD1_on and AD1_off, respectively). 

 

 
Figure 1 – Finite-state machines for electricity consumers by daily cycle stage 
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The consumer’s operating mode depends on the stage of the vessel’s technological cycle. At the mooring 

stage, the AD1 automaton remains in state AD1_0, meaning that the consumer is off. When automaton swithes to 

another state, corresponding to the vessel’s transition to longline equipment installation mode, a random number is 

generated to determine the waiting time until the consumer turns on. Once this generated time interval has elapsed, 

the AD1 circuit breaker transitions to state AD1_1. This transition is accompanied by the generation of both the 

duration of stay in this state and the power level consumed by the mechanism, expressed in relative units. 

Within state AD1_1, the automaton undergoes cyclic transitions between substates AD1_on and AD1_off 

with a two-cycle period, simulating the intermittent short-term operation of the mechanism. When the time spent 

by the circuit breaker in state AD1_1 coincides with the generated duration, the circuit breaker transitions back to 

state AD1_0, after which the described sequence is repeated. 

In the vessel’s “drift” and “longline hauling” modes, the operation of consumer AD1 is simulated in the 

same way; only the distribution types of power level, operating intervals, pauses, and their parameters differ. To 

reduce the complexity of the model, the generation of random variables is implemented as a graphical function f1 

(Fig. 2) with the following parameters: the transition direction (from AD1_0 to AD1_1 or vice versa) and the 

number of the vessel-cycle stage. 

 

 
Figure 2 – Function implementation used to generate random values 

 

The second group comprises consumers whose operating modes are independent of the technological stage 

of the vessel’s operating cycle. These include mechanisms supporting main engine operation and vessel propulsion, 

general ship systems, and cargo storage systems (Fig. 3, a). The operating modes of consumers in this group may, 

however, vary with the time of day (Fig. 3, b).  

 

 
a 

 
b 

Figure 3 – Finite-state machines for consumers independent of the vessel cycle stage 

 

In addition to the AD1, AD7, and AD9 automata, corresponding automata have been developed to simulate 

the operation of the most powerful shipboard electrical consumers that function periodically or episodically, 

whereas the power demand of the remaining devices is represented as a constant component. The set of parallel-

connected automata forms a Stateflow model of shipboard electrical consumer operation. The input event for the 

model is the rising edge of a clock signal, which initiates the evaluation of transition conditions and the state 

changes of the automata. The output signals are the power levels consumed by the devices, expressed as fractions 

of their rated powers. 

Conclusions. A finite-state-machine-based approach was developed to simulate the operation of major 

shipboard electrical consumers under different vessel operating conditions. The proposed model captures the 

stochastic nature of consumer behavior, including switching times, operating durations, pauses, and power demand, 

thereby improving the representation of onboard electrical loads. The results obtained can be used as part of the 
vessel power plant model for the analysis, prediction, and optimization of shipboard power consumption under 

realistic operating scenarios.  
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Анотація. Зростання потреби у відновлюваних джерелах енергії стимулює розвиток технологій 

використання енергії морів та океанів. Одним із перспективних напрямів є перетворення кінетичної енергії 

морських хвиль в електричну енергію. У статті розглянуто технологію Wave Line Magnet (WLM), 

розроблену британсько-кіпрською компанією Sea Wave Energy Limited (SWEL). Описано принцип роботи 

хвильового енергетичного перетворювача, його конструктивні особливості, потенційні сфери 

застосування, переваги та перспективи використання для виробництва електроенергії, опріснення води та 

отримання водню. 

Ключові слова: морські хвилі, хвильова енергетика, відновлювана енергетика, Wave Line Magnet, 

SWEL, перетворювач хвильової енергії, водень, опріснення води. 

 

Wave Line Magnet (WLM) – хвильовий енергетичний перетворювач, створений компанією Sea Wave 

Energy Limited (SWEL). Технологія розроблялася протягом майже двох десятиліть і пройшла кілька етапів 

удосконалення та випробувань у лабораторних умовах і відкритому морі. 

Мета ідеї WLM полягає в тому, щоб конструкція не просто протистояла хвилям, а рухалася разом із 

ними та безпосередньо використовувала їхню кінетичну енергію. Розробники порівнюють цей принцип із 

гальмуванням важкого потяга: система не створює енергію сама по собі, а відбирає частину енергії руху 

хвилі та перетворює її на корисну роботу. 

Конструкція WLM складається з чотирьох основних елементів: центрального гнучкого «хребта», 

платформ, важелів і насосів. Платформи розміщуються вздовж поверхні хвилі та повторюють її рух. Через 

систему важелів цей рух передається насосам. Насоси переміщують і стискають морську воду, створюючи 

умови для подальшого використання отриманої енергії. 

Особливістю технології є можливість використовувати отриману енергію не лише для виробництва 

електроенергії. Система потенційно може застосовуватися для опріснення морської води, а також для 

виробництва та зберігання водню. 

Важливою особливістю WLM, на яку звертають увагу розробники, є здатність системи збільшувати 

вихідну потужність зі збільшенням довжини та висоти хвиль. За їхніми оцінками, на відміну від деяких 

інших хвильових енергетичних систем, WLM може ефективніше працювати за умов довших хвиль [3]. 

mailto:valentyna.kants@nuos.edu.ua
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