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Abstract: The implementation of a system for acquisition, transferring and processing data essential
for marine engine diagnostics is the basis of condition maintenance. Determining the most influential
operating parameters, their monitoring, analysis and action based on expert knowledge prevents
downtime due to possible malfunctions. Timely corrections and replacement of worn parts based on
condition diagnostics enable maintenance planning, which reduces the frequency of maintenance
and the accumulation of unnecessary spare parts in warehouses. For research purposes, a system for
remote data collection from electronically controlled marine engines was developed and applied. The
system was installed on a four-stroke high-speed propulsion engine from a ferry and the operating
parameters of the engine were monitored during regular sailing, in order to detect irregularities and
possible failures at an early stage. The measurement system monitors the parameters obtained
through the electronic engine control module via the J1939 protocol, and in this paper, the following
relevant engine parameters are analyzed: engine speed, boost pressure, fuel consumption and engine
load at the current speed. The analysis included the creation of trend diagrams to present the
distribution of minimum, median and maximum values of each parameter of all measurements
performed. This study also examines the simulation of faults of the high-speed four-stroke marine
engine model. By utilizing sensor data from critical system components, the research investigates
different scenarios. The analysis aims to elucidate the impact of these faults on engine performance.
Based on the analyses of the relevant operating parameters of the engine, diagnostics were carried
out.

Keywords: marine engine; diagnostic system; remote monitoring; simulation

1. Introduction

Maintenance costs can be reduced if measures are taken in good time before critical devices fail.
The Intelligent Predictive Decision Support System (IPDSS) applied to condition-based maintenance
improves reliability and efficiency of energy systems on ships. Equipment failures can be reduced by
early indication of failure, and based on condition diagnostics, repairs should be made and
maintenance planned. Timely re-placement of worn parts or systems on which possible malfunctions
have been detected enables the planning of service activities with the necessary replacement parts
and reduces the accumulation of unnecessary parts in warehouses [1], [2]. The diesel engine can be
monitored and controlled via the Internet of Things (IoT) platform. Physical presence is no longer
required for the operation of diesel generators. The data collection system based on the technology

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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that facilitates communication between devices and the cloud, as well as between the devices
themselves, aims to increase the flexibility and optimization of the system [3]. Remote monitoring of
energy systems in real time can avoid system breakdowns and downtime. To identify system
problems and malfunctions, expert diagnostic systems are developed based on heuristics and
priorities in decision making. Data from marine energy systems are sent via the Internet to experts
on land without disrupting maritime operations. Data access must be enabled through a secure
remote connection. By introducing automation, failures caused by the human factor were avoided. A
well-designed expert system for remote diagnostics and optimization ensures the reliability of the
ship's energy systems and extends their service life. Remote monitoring systems already exist and
their technical development is being promoted to diagnose and optimise existing and new ship
systems. The aim is to make it easier for the crew on board to monitor the parameters so that
specialists on land can see the condition of the ship's systems via the Internet and, in communication
with the crew, can easily take remedial action if necessary. This has the effect of reducing costs and
improving crew efficiency by freeing up crew time for other work on the ship and can potentially
lead to a reduction in the number of staff on board as a result of the drive towards autonomous ships.
The role of the shore-based experts would be to monitor the parameters and correct the maintenance
time according to the condition of the system elements, identify potential problems and fix them in
communication with the crew through suggestions and equipment optimization in an appropriate
manner [4].

The example of a remote diagnostic system described in [5] has improved the level of ship
monitoring and the working ability of engineers and increased the level of regulation of the maritime
company. This remote diagnosis system for an engine room was developed by comprehensively
utilizing the SQL server database, neural network, Inmarsat system, etc., and included data
acquisition, data storage, interface, and data transmission. The application results show that the
system is helpful for the engineer to know the condition of observed devices in the engine room, good
solution for companies for improving efficiency and enable good service.

Further development of remote diagnostics included the monitoring the engine condition using
the tribological information such as faults due to wearing of diesel engine components [6]. The system
proposed in this work consisted of an online signal acquisition and a diagnosis model in the service
center. Nine wear features were extracted to detect engine faults. In order to select the relatively best
feature for online fault detection, the method based on interaction information was used to determine
the appropriate indicator. The diagnosis results showed that the proposed system provided a
satisfactory online fault diagnosis capability.

Articles [7] and [8] present another approach for remote diagnosis of faults in the tribological
system of the engine. In [7], a remote diagnosis technology was developed that use online laboratory
analysis for tribological systems. A two-stage fault diagnosis model based on an organising map was
created with the oil data from the remote oil monitoring system and the laboratory data. In [8], the
system is improved by using a latest generation wireless communication system to connect the ship
and the test laboratory.

The Forcecontrol monitoring software is described in [9], where smart PLC collected the signals:
pressure, temperature, flow, velocity was analysed to control the opening or closing of the various
valves and motors. The system could realise video monitoring of devices in machinery room.

A distributed, networked expert system for fault prediction and diagnosis is de-scribed in [10]
and can be applied to various types of prime movers, including diesel engines and gas turbines. The
system consists of the on-site data acquisition, the condition monitoring, the communication and the
remote expert assistance. The system works with artificial neural networks to perform real-time fault
prediction.

In [11], a new type of remote monitoring and fault diagnosis system (CMFD) for detecting
combustion engine faults is presented. The signal of the instantaneous an-gular velocity (IAS) of the
engine was transmitted from the ship to a data centre on land. The detection of combustion faults
was achieved by a time-frequency spectrum analysis of the decompressed IAS data. The main
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advantage of the described CMFD remote monitoring system was that the IAS data was sampled at
low speed by compressed sensing, which significantly reduced the computational requirements of
data trans-mission.

In [12], an advanced remote monitoring and fleet management system is presented as a
technology platform that continuously collects data from remotely operating vessels. All operational
data about the ship and its onboard machinery can be uploaded to this shore-based system. The
collected data can be categorised into different groups, e.g. GPS-related ship movements, their
position, direction and speed; engine operating data: speed, lubricating oil pressure, fuel oil pressure,
scavenge air pressure, engine cylinder temperature and pressure, engine speed and exhaust gas
temperature. This operating and status data was transmitted in real time to the fleet monitoring
server system and then distributed to the logged-in users. This paper proposes a networked live
laboratory system that provides a well-defined interface for data access and distributes the live data
stream and operational history to researchers around the world who are conducting research in the
field of marine propulsion condition monitoring.

To optimise remote monitoring methods and diagnose early faults, a multi-kernel extreme
learning machine algorithm was proposed in [13]. The system can accurately and reliably detect the
potential failures.

To improve the current inadequate application of inherent testability for remote control and
monitoring systems (RCMS) of ship main engines, [14] proposes a method for developing RCMS
based on microcomputer control and controller area network (CAN) technology, considering the
perspective of inherent testability. In the work, the object-oriented hierarchy structure of the
framework was introduced, and three relatively interdependent subsystems were included: the
remote control subsystem (RCS), the safety protection subsystem (SPS), and the monitoring and
alarm subsystem (MAS). For each subsystem, a division of functional units and a module design was
carried out, i.e. Line Replace Unit (LRU) and Shop Replace Unit (SRU) designs were performed.

In [15], a fault detection and diagnosis method combining marine engine expertise and advanced
data analysis techniques was proposed. The regression models and dynamic thresholds determine
irregularity in engines behaviour.

A further improvement of real-time monitoring is presented in [16]. The methods for remote
detection of faults in piston rings are presented. Support Vector Machine, along with other methods
were tested and a good indication of the degradation of the system were concluded.

A particular area of remote monitoring is the monitoring of emission reduction. In the study
[17], a newly proposed system was developed that is able to calculate an engine efficiency, power,
vessel's engine speed, fuel consumption, and carbon dioxide emissions based on receiving simple
key data such as GPS, speed, fuel flow, thus avoiding obtaining the condition of the vessel with detail
data. The system transmits the data via a communication network.

The latest research is in the direction of simulating failures and developing diagnostic expert
systems [18], [19]. The model described representative engine behavior and was used for studies on
engine failure simulation. The presented engine model can be used for optimization and diagnostic
purposes.

In this study, an online monitoring system for the diagnosis of the propulsion engine with the
possibility of failure prediction is developed. The most important operating parameters of the engine
are determined and a system for monitoring the trends of the relevant engine parameters is
implemented. An innovative algorithm for detecting possible failures based on a remote monitoring
system is proposed. The results obtained by applying the proposed diagnostic system on an operating
vessel are presented.

2. Experimental method and setup
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For the experimental research, an expert system with remote monitoring possibility (Figure 1.)
has been developed and implemented on a ferry with four stroke marine diesel engines during their
voyages. The system provides online access to key ship parameters. The sensors on board are
connected to the monitoring system. The sensors are either wired or wireless and monitor various
systems (e.g. engine, battery charge level, fuel tank level, engine room temperatures, battery
temperatures, and more). An Internet connection with a secure and encrypted communication is used
for sending data to server located in laboratory for heat engines. Expert system installed on server
analyses the received data, in order to, for example, predict engine component failures or provide
insights into other features of the ship's navigation and exploitation. Engine and ship data are
available to the experts with a secured user account accessible via smartphone or computer. The user
can grant access to third parties such as maintenance companies to facilitate cooperation with their
service providers.

Sensor measurements,
ECU actuator positions

Cylinder model Diagnostic tool

Electronic control unit

ECU

Figure 1. Engine simulation in the Expert system for remote engine monitoring and diagnostic.

The following advantages and disadvantages of remote monitoring were established during this
research. Advantages are:

U Using the remote monitoring system, the expert monitors the operation and operating
parameters of the propulsion system and eliminates the possibility of problems.

U Knowing the location and cause of the fault, the service personnel who come to repair the
fault bring the necessary materials and equipment with them, which reduces the costs and time
required for the repair.

. By giving recommendations for plant optimization, the expert can reduce plant operating
costs.

. The expert plans maintenance based on the current state of the equipment.

U The ship owner has insight into the cause of the failure and receives information and

expert recommendations that can be implemented on other ships in the fleet.

. Registration companies, insurance companies and inspectors have an insight into how
the maintenance was carried out, which enables the assessment of their quality.

. It is possible to monitor exhaust gas emissions, and based on this, possible emissions
reduction solutions can be drawn.

Disadvantages of remote monitoring:

J The diversity of ship systems makes it difficult to apply a universal monitoring system.

. Complex implementation of determination, filtering and presentation of in-formation.


https://doi.org/10.20944/preprints202502.0076.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 February 2025 d0i:10.20944/preprints202502.0076.v1

5 of 15

Pumps

Offboard
D oar . Fans
=== | Monitoring Transmission Aux Systems

o PALEALRA)
o O 485

Y

Remote Engine Marine Marine
Interface Displays Vi:%n Power Monitoring
Module Control System
X A
A A
| Data Link |

Figure 2. Remote monitoring system.

The purpose of monitoring is based on insight into the current state of the device, performance
and efficiency of the system, workload, preventive and corrective maintenance, reduction of time for
detecting and resolving faults, and protection when parameters are changing significantly. This
enables a timely reaction due to observed changes in parameters, which prevents the occurrence of
malfunctions. Performing diagnostics ensures the technical correctness of the engine and its system.
By continuously recording certain important parameters, it is possible to adjust the correct operation
of the ship's propulsion system, and determine the optimal timing to perform the appropriate type
and scope of maintenance.

The engine manufacturer determines the most important engine parameters that must be
constantly monitored. The standard for collecting the mentioned parameters from the engine's
electronic control unit is CAN J1939.

The main monitored parameters are:

. Atmospheric pressure,

. Mean indicated pressure,

. Exhaust gas pressure,

. Scavenging air pressure,

J Back pressure of exhaust gases,

. Inlet air filter pressure difference,

. Engine rpm,

U Power,

d Exhaust gas temperature,

. Charge air temperature,

J Air temperature before the turbocharger,
J Cooling water temperature before and after intercooler,

J Turbocharger speed.

These parameters are monitored using CAN protocol with industrial standard J1939 for data
transfer. The sensors are for pressure, temperature and flow. There are also important speed/timing
sensors so important that there are two primary and secondary. All sensors send the measured signal
to the engine control unit (ECU). The boost pressure sensor is on the intake manifold. The fuel
pressure sensor is positioned along the fuel rail or line. The coolant temperature sensor is located
near the thermostat housing or in the engine block. The oil pressure sensor is positioned on the engine
block or near the oil filter housing. The exhaust gas temperature sensor is placed in the exhaust
manifold or pipe.
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3. Analyses of the propulsion engine parameters

By processing the collected engine operation data, state diagnostics are performed. An example
of diesel propulsion system diagnostics has been implemented on a ferry sailing on the daily Split-
Supetar route (distance 9 nautical miles).

Jupyterlab was used for the data processing and model development because it is open-source
software and has many libraries available for data processing and research. Also, some third-party
services are propulsion machinery is engaged, it is necessary to filter the data related to sailing. In
this paper, the data are divided into groups that correspond to one-way ferry sailing on a given route
between the mainland and the is-land. Only the filtered data was analyzed out by using the Python
Data Analysis Library (pandas). Each individual measurement is read as a pandas Data Frame from
a database for data processing, searching and filtering on data import. Data is checked for continuity
in timestamp and out of range values. A ferry that sails on the same route was analyzed. The
measurements themselves refer to more than 40 different parameters from various sensors, but some
values are calculated on data import like travelled distance from available GPS coordinates, brake
power from load percentage and also brake specific fuel consumption. Each measurement is then
stored in a faster search format or in a SQL database, For the purposes of the test, we used SQLite or
simplicity and for compatibility with SQL. Following data have been selected: engine speed, boost
pressure, volumetric fuel consumption, percentage of load at current speed.

The analysis included the creation of trend diagrams to present distribution of mini-mum,
median and maximum values of each parameter of all measurements. Also, measurements data are
compared with data obtained during sea trial test (load according to propeller curve). Boost pressure
in function of engine speed is shown in Figure 3.
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Figure 3. Boost pressure dependency on Engine speed.

From the diagram in Figure 3. and 4. it can be seen that during the manoeuvre in the port and
the acceleration of the ship, the engine works with a slight overload, while during the voyage under
full load, the engine works with load according the propeller curve.
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Figure 4. Brake power dependency on Engine speed. Dash-dotted curve represents fitted curve of

measurements combined. Solid line is fitted curve of engine test data on propeller curve.

The figure 4. shows brake power dependency on the engine speed. The data points in different
colours represent different set of measurements. Each trip has a characteristic speed that was
maintained during navigation, which probably depended to a significant extent on weather

conditions.
260
240 . 1 1 1 1 » &
. - -
% | va = .
:

220_ 7 P — e o  — — -

2023-05-01 07:41 Supetér -= Split -
2023-05-15 19:14 Split -> Supetar
« 2023-06-01 17:47 Split -> Supetar

2004 *

BSFC g/kWh

!

!

|

!

1
|

o 4

-

4
F
J4

180 + 2023-06-15 07:22 Split -> Supetar
2023-06-29 17:46 Split -> Supetar
160 1 —.- polynomial curve fit of prev. 5 measurements
—e— propeller curve
140 T T T T T T T
1300 1350 1400 1450 1500 1550 1600 1650 1700

Engine speed, rew/min

Figure 5. Brake specific fuel consumption dependency on engine speed.

The figure 5. shows brake specific fuel consumption (BSFC) dependency on the engine speed.
The BSFC is higher than recommended by the propeller curve, which indicates that it has the
potential to optimize engine performance and reduce fuel consumption.
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Figure 6. Brake specific fuel consumption on ferry route in one direction (1. Examp.).

The grey curve represents the current engine speed, the black curve represents BSFC for engine
driven at the propeller curve, and the red curve represent actual measured BSFC

Figure 6. shows brake-specific consumption during ferry navigation. The Savitz-ky-Golay filter
is applied to measurement data points to better visualize trends. The curve shows constant changes
in consumption because the engine does not work with a continuous load. The load on the engine is
constantly changing in order to maintain the direction of the ferry, especially in rough seas and bad
weather conditions.
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Figure 7. Brake specific fuel consumption on ferry route in one direction (2. Examp.).

There is another measurement presented in Figure 7. in which the engine speed is different. Data
points are more scattered than in previous measurement, and engine speed is lower. Larger changes
in fuel consumption are caused by changes in engine load due to bad weather conditions and rough
seas.
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Figure 8. Fuel consumption dependence on engine speed.

The figure 8. shows fuel consumption dependence on engine speed for all speed ranges where
brake power is produced. From the diagram of specific fuel consumption, it can be seen that the
engine works without load and the specific consumption is lower under standard sailing conditions
at cruising speed.

On the diagrams in Figure 9, it can be seen that the increase in ship speed is accompanied by the
current fuel consumption curve. This indicates that sudden changes in direction and an increase in
the number of revolutions of the engine significantly affect the economical driving of the boat.

2023-06-29 17:46 Split -= Supetar
92 1700

o
x
a
5) 2
[ w
= o
+ measurement | 1550 b
824 —— measurement (Savitzky-Golay filter)
— VFC = f(Engine speed) prop. curve | 1525
—— Engine speed
80 1500
18:15 18:30

Time, HH:MM

Figure 9. Volumetric fuel consumption on a ferry route in one direction.

4. Fault Simulation

During the research, models were developed and failures simulated on a marine engine [19]
Here, only an example of simulation of failures on the air and exhaust system will be given. The
simulation of faults in the air and exhaust gas systems of the four-stroke marine engine model is
examined. By utilizing sensor data from critical system components, the research investigates airflow
resistance and leakage scenarios. The results demonstrate characteristic changes in pressure and
temperature under varying fault conditions, providing a foundation for fault detection and
diagnostics. Modern electronically control marine engines, are equipped with advanced sensors to
monitor key operational parameters. This study focuses on simulating two primary fault types:
blockage in air filters and air coolers and leakages in the air and exhaust systems. The analysis aims
to elucidate the impact of these faults on engine performance.
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4.1. Simulation of Air Filter and Cooler Blockages

4.1.1 Methodology

Blockages were simulated by increasing the frictional resistance multiplier in air filter and cooler
components, leading to pressure drops as defined by the equation:
L pv?
Ap = F}r'("___'

z (1)
where:

Dhya

Fy,  pressure drop,

4 friction factor (function of Reynolds number),
L pipe length,
Dhyq pipe diameter,
p air density,
v kinematic viscosity.
= (1) + o () @
{t=4-(A+B-Re”¥/m) 3)

where B is the frictional resistance multiplier.

4.1.2 Results

Figure 10 illustrates intake manifold air pressure drop as a function of severe clogging. The red
curve represents air filter blockage, with values ranging from a clean filter (factor 0) to a fully blocked
filter (factor 1000). The blue curve shows the pressure drop due to air cooler blockage.

Air Cleaner Fault
ler Fault
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Figure 10. Influence of pollution factors on the pressure drop measured at the intake manifold.

For temperature, Figure 11 shows minimal variation during air filter blockage. In contrast, cooler
blockage significantly affects intake manifold temperature.
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Figure 11. Influence of pollution factors on the temperature measured at the intake manifold.
4.2. Simulation of Air and Exhaust System Leakages

4.2.1 Methodology

Leakages were simulated by introducing restrictions in the high speed four stroke engine model
to simulate fluid leakage (Figure 12). A restriction represents a narrowed pipe section, defined by its
cross-sectional area. The leakage factor ranges from 0 (no leakage) to 1 (maximum leakage).
Restrictions were placed at the following locations: Leak_AF: air filter; Leak_Com: compressor;
Leak_IM: intake manifold; Leak_EM: exhaust manifold; Leak_TU: turbine.
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Figure 12. Adding restrictions through which fluid leakage is simulated.

4.2.2 Results

Figures 13-14 display the effects of leakages on pressure and temperature at various points. For
instance, Figure 13 shows overlapping pressure values for compressor and intake manifold leakages,
while Figure 14. highlights temperature deviations.
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Figure 13. Effect of leakage on the pressure measured on the exhaust manifold.
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Figure 14. Influence of leakage on the temperature measured at the exhaust manifold.

Table 1 presents the example of diagnostic matrix, detailing parameter intervals for maximum
and minimum leakage factors. Green highlights indicate compliance with interval thresholds, while
red indicates non-compliance. The diagnostic matrix helps diagnose specific faults by matching
sensor patterns to characteristic sequences.
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The results underscore the importance of diverse sensors and measurement points in accurately
describing faults. By correlating fault progression with sensor data, the diagnostic matrix facilitates
rapid identification of leakage locations.

From the results presented and the analysis carried out of the remotely monitored parameters
of the electronically controlled marine engine in operation, it is clear that there is room for
improvement in diagnostics, efficiency, reduction of fuel consumption and emissions. Especially in
the ferries tested, which have a flat bottom to be able to dock in a port with shallow seas and need to
maintain the ship's direction in rough seas and bad weather. The only way to improve this is to install
a system for continuous remote monitoring of key engine parameters in real time while the vessel is
in operation. It is necessary to diagnose the condition of the engine in time, determine the parameters
that need to be corrected and react quickly to optimize the operation of the engine for these operating
conditions. To achieve this, appropriate measuring equipment (to obtain relevant data) and expertise
are required for quick conclusions and actions. The whole problem is further complicated by the fact
that on smaller ferries (such as the one studied) mostly four-stroke engines are installed, for which
we have less measurement parameters (compared to large two-stroke engines, where the pressures
in the cylinders are necessarily indicated and the exhaust emissions of individual cylinders are
measured), and conclusions must be drawn on the basis of the available measurement parameters. It
is necessary to have meteorological data and the conditions at sea and to put everything into context.
In this research, a self-developed measurement system was used for data acquisition, processing and
transmission. The next phase of our research is to install additional measurement instruments on the
observed energy system itself to gain a better insight into the current state, to create a digital twin of
the observed propulsion system and to include meteorological data and sea conditions in the
analyses.

5. Conclusions

A remote data acquisition system was implemented for the diagnosis of marine propulsion
engines on a ferry during normal voyages. When analyzing the data obtained with the system for
remote monitoring of ship's energy, an algorithm was developed that enables the monitoring of the
most influential parameters and indicates the possibility of malfunctions. Operating modes, data
transmission protocols and technical data are presented. Based on the monitoring of the relevant
engine operating parameters and comparison with the reference values obtained from the
manufacturer, diagnostics were carried out and possible causes of deviations were indicated. In case
of an irregularity, warnings and recommendations for eliminating the cause of the fault are issued.
During the research carried out on the ferry, which operated regularly on the same route over a
period of two months, fluctuations in loading and fuel consumption were detected, indicating the
significant influence of weather conditions on engine performance. Analysis of the data collected also
showed that more frequent load changes occurred on some trips, caused by a sudden change in
engine speed. This observed phenomenon leads to an increase in fuel consumption and its cause is
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to be investigated as part of further research An example of fault simulation on a model of a marine
engine and an example of a diagnostic matrix are also given. The research presented in this paper
will serve as a basis for future research, which will focus on the implementation of an expert system
for the diagnosis and optimization of the marine hybrid propulsion system.
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