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Abstract 

A sea-going vessel has many different systems that operate to fulfil the objective. To ensure un-hindered 

function and best performance, many types of surveillance technologies are being used with different new 

advanced data processing techniques. The purpose of surveillance on-board Marine Vessels is to detect 

deterioration, especially wear and tear, of Machinery /hull components or parts of them. To achieve that, 

significant parameters are to be collected with the aid of adequate measurement instruments. The collected 

parameters shall be able to indicate the trend of the monitored deterioration over certain time. The purpose 

of this paper is to conduct an up-to-date review of the surveillance technologies used on board vessels and 

establish the fault detection and diagnostic methods used in this context. In this respect, this paper also 

presents the surveillance Capabilities for Enhanced Ship Safety which aims to bring an innovative solution 

to the ship inspection regime through the introduction of enhanced inspection of ship structures, by 

integrating robotic-automated platforms for on-line or on-demand ship inspection activities and selecting the 

software and hardware tools that can implement or facilitating specific inspection tasks, to provide input to 

the Decision Support System (DSS). 

Keywords: Infrared Thermography (IRT); Condition Monitoring (CM); Vibration; Remotely Operated 

Vehicles (ROV); Hull Condition Assessment (HCA). 

 

1. Introduction 

 Failures of machinery in the day-to-day ship operations lead to major accidents, endangering crew 

and passengers on board, posing a threat to the environment, damaging the ship itself and having a great 

impact in terms of business losses. For eliminating the hazards posed by high-risk and sub-standard ships 

and to obtain the optimum inspection results, for a large number of new ships the monitoring and inspection 

from both regulatory bodies and Classification Societies have become more and more difficult. So the 

budget gain perspective is switched over to investment for continuous, safe and reliable asset service. This is 

seen as the transition of maintenance through time from a reactive manner to a more proactive approach. 
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Generally, inspection and maintenance departments in shipping companies are the largest in work force and 

expense [23]. 

The principle of Condition Based Maintenance and various ways of monitoring. Apart from the 

environmental and economical point of views, the use of computer offers a number of interesting benefits to 

ship-owners and operators such as the ease of monitoring of the diesel engines and comparing between 

different working conditions.  

The scope of Condition Based Maintenance and fault diagnosis is to detect the upcoming failure before even 

beginning to happen or develop, increasing machinery’s availability, reliability, efficiency and safety, by 

reducing maintenance costs through controlled spare part inventories [39]. So, implementation of Condition 

Based Maintenance should lead to reliability and cost reduction by integrating information and management 

of critical components for time reduction of expensive and challenging maintenance phases such as dry-

docking and overhauling [24]. Condition Monitoring technology is applied to various tools, recording and 

evaluating measurable parameters such as Pressure, Temperature, wear, vibration signal analysis, 

thermography, lube oil analysis …etc [37]. Vibration monitoring is mostly applied on rotating machinery as 

it can detect unbalanced rotating machinery parts, excess sleeve or bearing wear, misalignments, damaged 

gear teeth and damaged bearings [33]. The data record involves measurement of physical magnitudes such 

as displacement, velocity or acceleration. This measurement is converted into a proportional electrical signal 

that can be examined into fundamental frequencies. On the other hand, thermography is Condition 

Monitoring tool applicable to both electrical and mechanical equipment, and is deployed to identify hot and 

cold spots providing early signs of equipment failure. Infrared Thermography (IRT) is one of the most 

accepted Condition Monitoring tools [20]. This non-contact function is suitable for detecting structural, 

machinery, electrical and material malfunctions. Recording handheld devices are used such as thermal 

cameras and thermometers. The third under assessment Condition Monitoring technology is lubrication oil 

analysis. Oil analysis is achieved through laboratory concentration analysis in lubricant, which deals with 

shape, size, the composition of wear particles and lubricant degradation analysis for physical and chemical 

characteristics. Lube oil analysis is time consuming as it requires transportation of oil samples from the ship 

to onshore. However, it seems to be the most efficient diagnostic tool as from a small number of fluids the 

condition of the entire lubricant in each machinery can be determined. 

The surveillance Systems shall be capable of producing relevant data trends from the values collected and 

compare them with pre-defined acceptance criteria (e.g. limit curves) [10]. 

Enhanced inspection of ships will also include ship structures and machinery monitoring with real time 

information using ‘intelligent’ sensors and incorporating structural and machinery risk analysis, using in-

house structural/hydrodynamics and machinery computational tools [28]. Moreover, condition based 
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inspection tools and methodologies, reliability and criticality based maintenance is introduced. An enhanced 

central database handles ship structures and machinery data. The data is available to ship operators and are 

utilized by the DSS for ship structures and machinery for continuous monitoring and risk analysis of ship 

operations [32].  

Various techniques used are as follows  

1. Measurement data are taken from all machinery for Vibration and shock pulse and spot analysis and 

interpretation of results. 

2. Inspection of all electrical and mechanical systems Thermo graphically. 

3. Passive ultrasonic frequency methods for Pressure and vacuum leak. 

4. Measurement of machinery systems including thickness measurement. 

5. Performance test and power balance analysis for Main and auxiliary engines. 

6. Machinery health assessment report [34]. 

Acoustic emission 

 Structures release high frequency stress waves when damaged. Due to their frequency limitation, 

these waves cannot be measure by the vibration technologies and so they require the acoustic emission 

technologies for analysis. Acoustic emission technologies foretell faults at a stage earlier than that of the 

vibration condition monitoring. Cracks, fibre breakage and delamination faults can be detected through 

Acoustic emission technology [1]. 

Vibration 

 For mechanical fault diagnosis, the parameters of displacement, velocity and acceleration are used 

[41]. The vibration technologies are used on board for the mechanical and Electrical machinery applications. 

Shock Pulse Monitoring is a technique of predictive maintenance by measuring vibration and shock pulses 

of bearing in motors and to identify their condition and operating life before the next overhaul procedure 

[3]. The amplitude of the shock is a function of the rolling element and the instrument measures the absolute 

value and subtracts from it the expected shock value from a good bearing at a similar speed. This gives us 

an indication of the bearing operating condition. 
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Figure: 1 Shock Pulse Monitoring 

 

Figure: 2 Vibration Measurement 
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Oil and fuel analyses 

 It includes measured parameter like viscosity, acid and base number, water contamination, random 

substances contamination and others which are used to determine the chemical state of the fluid in the 

applications of fuel and lubrications [25]. Some worth mentioning key technologies classified under the 

lubricating oil analyses are shown below:   

 

 

Figure: 3 Sample Marine Engine Lubricating Oil Analysis Report 

Particle counters Particle counter technologies are used to detect and classify particles each to its 

prospective range of size for diagnoses of the mechanical state. It is used mainly for oil lubrication to 

monitor the state of the oil and is used also for exhaust monitoring [2]. Knowledge about the size of 

particles that exist in the machinery air or fluid gives an indication of its health state. X-Ray Fluorescence 

(XRF) Analyser is a portable testing device which, among other parameters, provides an accurate indication 

of sulphur content through the analysis of a small fuel sample in less than three minutes [8]. The XRF 

Analyser can be used to test the fuel and verify the sulphur content against what’s stated on the BDN, 
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eliminating the risk of accidental non-compliance of the 2020 global sulphur cap. Cylinder Oil Drain 

Analysis [27] gives information on: combustion conditions in the cylinder, wear rate of the rubbing parts of 

the cylinder liner and piston ring, adequacy of cylinder lubrication and the risks / danger of contamination of 

cylinder oil drain with crankcase oil and potential for major problems as a result of serious blow back in the 

engines. 

Ferrography 

 The monitoring of the metallic particles existent in the oil gives an indication about the friction and 

wearing state of the machinery, and also gives an earlier warning of the machinery failure than that of the 

vibration. This technology usually adopts magnetic techniques to detect metallic particles.  On the other 

hand, the most used operational parameters in the literature of internal combustion engines multi-sensor 

diagnosis [40] were:  

Rotation monitoring 

 As internal combustion engine application is all about rotation, the parameter of rotation is critical to 

measure. Rotation monitoring technologies account for highest utilization in the internal combustion 

systems, where they are mainly used for shafts monitoring. Rotation sensing technologies monitor the 

rotating parts like crankshaft, camshaft [13].  

Oxygen measurement 

 Oxygen parameter measurement is a critical aspect of the internal combustion engine applications, 

especially for the fuel, air and exhaust systems [36]. Some of the inferences that can be found from such 

measurements are the injection mass and cylinder selective injection mass [29].  

Air flow measurement:  Mounted on air flow channels, the air flow sensors monitor the true mass of the 

flow of air flowing into the engine [30]. The benefit of this parameter is that it allows making sure that the 

right amount of air that is mixed with fuel is which is critical for the operation of the engine. 

Bearing temperature and wear monitoring 

 An important sign of an abnormality in the engine bearings is the rise in temperature [15]. Major 

breakdown of the engine crankshaft and bearing arrangement can be prevented if the temperature of the 

bearing can be monitored and taken into account before it rises to a dangerous level. 
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The measurement of bearing temperature can be done by Direct Measurement (Using temperature sensors 

normally fitted at the rear side of the bearing shell) or Indirectly (Detecting the temperature of return oil 

from each bearing in the crankcase) [6]. 

Main Bearing Temperature sensors mounted on the bearing girders with the tip in direct contact with the 

bearing shell continuously monitors the temperature of the bearings and an alarm is initiated when the 

temperature reaches the alarm point. For crankpin and crosshead bearing temperature monitoring, the 

wireless bearing temperature monitoring system is capable of continuously measuring the temperature of 

bearings during engine operation [22]. The wireless sensors use a multiplexed Signal Processing Unit which 

uses a high frequency and low energy radar pulse. Through a coaxial cable the radar pulse is transmitted to 

the wireless sensor from the stationary antenna positioned inside the crank case [14]. Stationary antenna 

responds to the radar pulse by reflecting a pulse pattern back to the Signal Processing Unit, the 

characteristics of which are defined by the temperature. 

 

Figure: 4 Large Marine Two Stroke Engine Bearing Condition Measuring Sensor 
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Monitoring of bearing wear 

 The Bearing Wear Monitoring system predicts bearing wear in large two-stroke diesel engines, 

before it becomes critical [18]. During ship operation the system will provide a nearly warning if any of the 

three crank-train bearings (crosshead, crank and mean bearing) experience unexpected wears. The Bearing 

Wear sensor works on the eddy current principle and is used for measurements against electrically 

conductive, ferromagnetic materials. Every time the cross head passes Bottom Dead Centre (BDC), the 

measurements take place. After compensating for various engine loads and speeds, when there is a notable 

wear in the main, crankpin or in crosshead bearing, this monitored vertical position will shift and the same 

will be reflected in the monitoring system of the ship. If this shift reaches the set alarm values for one or 

more unit, the alarm will be raised. This monitoring system is connected to the safety system of the engine 

which might slow down the engine when the Bearing wear alarm occurs. 

Water in oil monitoring 

 For maintaining a good bearing condition in the main engine, the Water content in the lubricating oil 

is an important factor. Engine bearings get damaged when the water content increases above 0.2% by Vol in 

the lubricating oil. The increase in water content will cause the lead overlay, which acts as a running layer, 

in crosshead bearings (Tin-Aluminium lined) to corrode away and Main and crankpin bearings lined with 

Babbitt or Tin- Aluminium may also suffer irreparable damage from water contamination. Automatic: By 

continuously measuring the relative humidity in the system oil using a probe in the oil piping system, the 

signal can be transmitted to a unit intended to calculate the humidity as Water Activity [5]. The major 

advantage of such system is the continuity in monitoring the water content in oil for early troubleshooting. 

The system is connected to the alarm system which will activate an alarm if the water content reaches the 

set value. 

Torque and power monitoring 

 By measuring the twist of a rotating shaft using two slotted wheels, torque can be calculated when 

the light transmitted by LEDs through slots in each wheel is converted to a digital electronic signal and sent 

back to the processing unit for calculation of the corresponding torque [4]. In this way torque on the engine 

is continuously monitored and a set torque limit will not allow overloading of the engine [35]. 

Monitoring cylinder liner temperature 

 By measuring the temperature of the upper part of the cylinder liners, the cylinder liner monitoring 

system monitors the piston running performance [7]. Increased friction between the piston rings and the 

cylinder liner creates an elevated temperature level leading to abnormal liner wear and potential piston ring 
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breakage. Temperature alarm limits can be individually set on the computer work station to give early 

warning about high thermal load and potential cylinder liner scuffing, or inadequate ring sealing and 

individual relay output alarms are provided directly to the cylinder lubrication units in order to temporarily 

increase the cylinder lubrication. 

Hull Condition Assessment (HCA)  

 Using hull condition assessment the structural condition of the ship can be monitored. This will 

ensure the vessel’s ability to sail safely. Since the ship’s hull and the structural members have a significant 

monetary value for ship operators, Hull condition assessment performs a key role in inspection and 

maintenance A well-designed Hull condition assessment programme conducts the maintenance activities in 

a better way and reduces the failure propagation effects by using real-time information and integrating it 

with the influence of the hydrodynamic performance of the ship [38]. The analysis identifies the critical ship 

structural areas and consequently ship [9]. 

Vessel’s defect detection utilizing image processing  

 The inspection of the external part of the hull by means of Remotely Operated Vehicles (ROV) or 

unmanned vehicles: 

By utilizing autonomous vehicles such as quad copters and magnetic crawlers for image recording and 

automated processing, we can detect the loss of the external coating, accelerating corrosion, detection of 

artificial objects attached to the hull, and weld inspection [12].  

Surveillance capabilities 

 Surveillance can be carried out in two areas, the on board environment (local) for technical decision-

making and the onshore (global) for economic and maintenance planning. It includes ship structure and 

machinery related data gathering, assessment and risk and reliability evaluation. The program used within 

the surveillance capabilities are the Structural and Machinery Risk Analysis and the central database for 

data processing.    

Each program is integrated with a maintenance schedule. The software program combines traditional 

structural load assessment techniques with real-time monitoring and conducts automated risk and reliability 

analysis methodologies using various types of data gathered. The output of this program is led into on board 

data for structures and machinery aspects, helping to take decisions for maintenance actions. Finally, the 

processes involve the transfer of outcomes to the central database. These results contain inspection reports 

and predictive maintenance tasks, which are in place onshore updated with maritime stakeholders’ 
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responses. The central database contains information for ships’ structures and machinery, their expected and 

actual performance, survival and failure data as well as potential failure consequences. This in turn enables 

the central database being updated including the latest information.  

Risk analysis for structure and machinery 

 Input data from the various source are fed into the program which includes previous ship inspections 

history (digitalized and hard copy records, surveys, annual reviews and incident and accident reports), 

Maker input, judgement, suggestions and current sensor data for machinery control and reliability 

predictions [17]. Shore databases offer Offshore Reliability Database (OREDA), which includes failure 

rates for components and maintenance intervals. All the input data from these sources are fed into the 

software program. Quick decision making will be possible with the program giving warnings of impending 

high risk and eventually providing decision support following a shipping incident. Planned maintenance 

system is employed for the long term decision support, so as to detect the required maintenance activities, 

arrange for the approval of maintenance and repair jobs to be performed on-board as well as enable the 

provision for spare parts and logistics requirements. 

Pressure monitoring instrument system 

 The Pressure Monitoring Instrument System is a computerised tool designed for pressure 

measurements and analysis on two-stroke diesel engines. This system measures cylinder pressure online 

from permanently mounted sensors on the engine cylinder head and gives a graphic display of various 

parameters (PT, PV and Balance Diagrams) including Mean Indicated Pressure and Max. Pressure deviation 

limits at the engine control room [19]. It also calculates values of Effective Power, Mean Indicated Pressure 

Pi, Compression Pressure Pcomp, Max. Pressure Pmax, and Scavenge Pressure Pscav, including proposed 

values for index adjustments, etc. 

The engine control system constantly monitors and compares the measured combustion pressures to a 

reference value and automatically adjusts the fuel injection and valve timing to reduce the deviation 

between measured and reference values [21]. Thus, the system ensures that the engine is running at the 

desired maximum pressure, p (max) [11]. Pressure measurements are presented in real time in measurement 

curves on a computer, Key performance values are continuously calculated and displayed in tabular form 

and stored for future reference. 
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Figure: 5 Combustion Pressure Monitoring System 

  

Figure: 6 Graphic Display of PMI on Monitor 

 

Diagnostic Tool to Prevent Machinery Failure 

 Diagnostic tool records, visualizes, and analyses the operational sounds of a vessel’s engine plant. 

This tool has equipment for recording and visualizing sounds around the ship’s engine room and software 

that scans the sounds and detects abnormalities [16]. It uses electrical listening devices to record, 

accumulate, and share sounds that can then be view as data on a computer. The software then diagnoses the 

engine condition using logic based on vessel operation experience. 
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The important factor used to diagnose the condition of the machinery in Engine Room is the sound they 

produce while in operation. Crew members can determine the normality of operational sounds depending on 

their experience and judgment. Using this concept, an application is developed that diagnoses and detects 

abnormal conditions and breakdowns of machinery at an early stage and so we can shift from conventional 

time-based maintenance to condition-based maintenance [26]. This tool can be used for all kinds of 

machinery and equipment that produce operational sounds. 

Piston-ring wear online monitoring 

 The piston-ring wear can be monitored online by placing a sensor in each cylinder liner just above 

the scavenge airport to measure the width of a triangularly shaped brass which is inserted in one of the 

piston rings. The wear of the piston ring corresponds to the reduction in the width of the triangular section 

[31]. Data can be monitored for piston ring wear over certain running hours, Average piston-ring wear, 

Piston-ring segment wear, Piston-ring wear distribution, Piston-ring rotation and online monitoring of the 

piston-running reliability 

2. Conclusion 

          This paper conducted a comprehensive and an up-to-date literature review of the Automated Process 

of surveillance on board Marine Vessels and identified the fault detection and diagnostic methods used in 

this context. Using the computer in the marine field and the integration between the electronics and 

surveillance result in many benefits including lower fuel consumption and better performance parameters 

thanks to the variable electronically controlled timing of fuel injection and exhaust valves. Modernised 

control system with more precise timing, giving better engine balance with an equalized thermal load in and 

between cylinders. Adequate monitoring and diagnostics of machinery reduce maintenance requirements 

including longer time between overhauls. 
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