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APPLICATION OF STATEFLOW STATE DIAGRAMS
FOR MODELING SHIPBOARD ELECTRICAL LOADS

Ushkarenko O.O.,
Doctor of Engineering Sciences, Professor at the Department
of Programmable Electronics, Electrical Engineering and Telecommunications
Admiral Makarov National University of Shipbuilding, Mykolaiv, Ukraine
oleksandr.ushkarenko@nuos.edu.ua

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).

2 ADA

[fc_st==0){c_st==47]

Iy [t_rm==0HF1(0)}
[t==t_m1]

AD1 0 o

entry; ad1=0; ! man=ty

[{t==t_m1)l{c_st==4)}F1{0%} during: t1++;

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 ADI1 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.

function T10x)

3d=02}
[==00t_m1=gen_t{kt ct)t

Pl Jt_rm1=gen_tik t);
pT=f_nimdj}

p1=f n(0.8,0.2)}

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).

e N ST

: l ; f [(t==t_m7)&({t=2186]]

| (AD9_0 [t==_m9]_(ADY_1 | | (AD7_0 ADT_1

; ‘entrv: add=0; [t==t_mo] |entry. ad9=1; E o | entry: ad7=0; entry ad7=1;

b |t_m9=12"gen_e(1.5)+ = t_m9=gen_t(3, 1)+t ; | tmT=gen_n{48,24)+t = = t_m7=gen_n(12 24+,

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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WAVE LINE MAGNET SIK IHHOBAIIVMHA TEXHOJIOI'ISI HIEPETBOPEHHSI EHEPTTI
MOPCBKHUX XBHJIb

Kann B.B.,
BUKNA0AY
Ilepsomaiicokutl HABYATLHO-HAYKOBULL IHCUMYI
Hayionanvrozco ynisepcumemy kopabaeoyoyeanns imeni aomipara Maxaposa, m. Ilepsomaiicvk, Yrpaina
valentyna.kants@nuos.edu.ua

AHoTanist. 3pocTaHHs MOTPeOH Y BITHOBIIOBAHHX JDKEPENaX CHEPril CTUMYIIOE PO3BUTOK TEXHOJIOTIH
BUKOPHUCTAHHS CHEprii MOpiB Ta okeaHiB. OJJHUM 13 IEPCIIEKTUBHUX HAINPSIMIB € IIEPETBOPEHHS KIHETUYHOT eHeprii
MOPCBHKHX XBHIIb B CJIEKTPUYHY CHEprifo. Y cTaTTi po3miHyTo TexHonorito Wave Line Magnet (WLM),
po3pobIIeHy OpHUTaHCHKO-KIMIPpChKor0 koMmmaHiero Sea Wave Energy Limited (SWEL). Onmrcano mpuaInm poooTH
XBWJILOBOT'O ~€HEPreTUYHOTO IEpPETBOPIOBada, HOro KOHCTPYKTHUBHI OCOOJNMBOCTI, MOTEHLIHHI cdepu
3aCTOCYBaHHSI, IIEpPEeBard Ta NEPCIEKTUBU BUKOPHUCTAHHS IS BUPOOHUIITBA €JIEKTPOCHEPTii, ONPiCHEHHS BOIU Ta
OTpPUMaHHS BOJHIO.

KrouoBi ciioBa: MOpChKi XBWIII, XBUJIbOBA €HEPreTHKA, BiTHOBIIOBaHA eHepreTrka, Wave Line Magnet,
SWEL, nepeTBoproBay XBHILOBOI €HEPTii, BOACHB, ONPiICHEHHS BOJIH.

Wave Line Magnet (WLM) — xBuiboBuii eHepreTHYHUN NEpeTBOPIOBaY, CTBOPeHUT koMmaHieo Sea Wave
Energy Limited (SWEL). TexHosorist po3po0sisiiacsi MPOTATOM MakKe JBOX JSCATHIITh 1 MPOUIIIIa KiJIbKa eTariB
YAOCKOHAJICHHS Ta BUMPOOYBaHb y Ja00pAaTOPHUX YMOBAX 1 BIIKPUTOMY MOPI.

Mera inei WLM mnossirae B TOMy, 1100 KOHCTPYKIIiS HE MPOCTO MPOTHUCTOSIIA XBHIISIM, & pyXayacs pa3oM i3
HUMH Ta Oe3MocepeIHh0 BUKOPUCTOBYBAJA IXHIO KIHETHUYHY €Heprito. Po3poOHUKY MOPIBHIOIOTH IIEH MPUHIMI i3
raJbMyBaHHSAM Ba)KKOTO TOTATA: CHCTEMa He CTBOPIOE €HEprifo cama 1o coli, a BiIOMpae 4acTHHY €Heprii pyxy
XBUJII Ta MIEPETBOPIOE ii HAa KOPHCHY POOOTY.

Konctpykmist WLM cki1agaeTsCst 3 YOTUPHOX OCHOBHHX €JIEMEHTIB: IIEHTPAIBHOTO THYYKOTO «XpeOTay,
iaTopM, BaxemiB i HacociB. [ImaThopmu po3MiLTyIOThCS B3OBXK MOBEPXHI XBUIII Ta MOBTOPIOIOTH 11 pyX. Uepes
CHCTEMY BaXKeJiB Iel pyX mepenaeTscs HacocaM. Hacoc nepeMiyoTh i CTHCKAIoTh MOPCHKY BOY, CTBOPIOIOYH
YMOBH IS TIOAAJIBIIOT0 BUKOPUCTAHHS OTPUMaHOI €Heprii.

OCO0IHMBICTIO TEXHOJIOTI] € MOIIMBICTh BUKOPHCTOBYBATH OTPUMAaHy €HEPriio He JIUIIE I BUPOOHUIITBA
enexTpoereprii. CucreMa MOTEHLIHO MOXKE 3aCTOCOBYBATHCS JUIS ONPICHEHHS MOPCHKOi BOAM, a TaKOX JUI
BHUPOOHUIITBA Ta 30€piraHHs BOIHIO.

Baxxnusoto ocobnuBictio WLM, Ha sIKy 3BepTalOTh yBary po3poOHUKH, € 31aTHICTh CHCTEMH 301IbITyBaTH
BUXIJIHY MOTY>KHICTb 31 301IbIICHHSAM JIOBKHHH T4 BUCOTH XBWJIb. 32 iXHIMH OLIIHKAMH, Ha BIMIHY BiJ JCSKHX
IHIINX XBIJIBOBHUX CHEPreTHIHNX cucteM, WLM Moxe eeKTHBHIIIE PpaoBaTH 32 YMOB JOBIIUX XBUIb [3].
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