
CONDITION MONITORING OF 
MARINE MACHINERY USING 
ARTIFICIAL INTELLIGENCE



Section A Introduction to Artificial Intelligence and 
applications 

1. History of AI
2. Objectives of AI
3. Subfields of AI
4. Uses and application of AI 
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Section A Introduction to Artificial Intelligence and 
applications 

1955- Allen Newell and Herbert A. Simon created "Logic Theorist"

1956 - John McCarthy coined the term ‘artificial intelligence’ and had the first AI 
conference

1974 to 1993 - Two AI Winters and a Boom in AI

1993 to 2011- The emergence of big data

2011 to present - Highly intelligent agents

3



Objectives of AI

1. Solve complex problems faster

2. Use lesser computation than conventional techniques for problem solving

3. Complete complex tasks and reduce the amount of time needed to perform 
specific tasks

4. Facilitate human-computer interaction
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Subfields of AI

1. Machine learning

2. Deep learning

3. Natural language processing

4. Cognitive computing

5. Computer vision

6. Fuzzy logic
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Use of AI

1. Used to reduce or avoid repetitive tasks.

2. To improve an existing product

3. Used in industries, from marketing to supply chain, finance, food-processing 
sector. 
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Section B- Condition Based Monitoring and scheduled 
monitoring

1. Sensors
2. Sensors used in marine machinery 
3. Data collection
4. Condition monitoring 
5. Sensors to check the health of a machine
6. Digital twin
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Sensors
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Produces an output signal for the purpose of sensing a physical phenomenon.

Source: Overview of Spintronic Sensors With Internet of Things for Smart Living. IEEE Transactions on Magnetics. PP. 10.1109/TMAG.2019.2927457. 



Types of parameters for sensor measurement on 
maritime vessels
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1. Vibration and acoustic
2. Temperature and thermography
3. Pressure
4. Tribology
5. Torque
6. Flow rates
7. Contamination
8. Power and speed typically associated with performance 
9. Electricity (Voltage, Current, Frequency, Harmonics)



Checking the health of a machine

Sensors monitor for abnormalities in the system and based on past data they can 
correlate and estimate the current health of the system

10Source: National Instruments (https://www.ni.com/en-in/innovations/white-papers/14/sensors-for-condition-monitoring.html)



Condition monitoring

process of monitoring the parameters contributing to the ‘health’ of a machinery in 
order to identify any abnormal changes from the standard values which can 
indicate a potential fault that is about to occur in the future.
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Source: 
https://www.te.com/usa-en/industries/sensor-solutions/ap
plications/industrial-condition-monitoring-sensors.html



Condition monitoring

Using Condition monitoring, each sensor offers the ability to monitor the degradation of mechanical and electrical components 
within an equipment.

Some examples are as follows:

1. Vibration sensors are used to detect roller bearing wear, gearbox wear, shaft misalignment, unbalance, and mechanical 
looseness.

2. Speed sensors work with vibration sensors to correlate vibrations to rotating speed and shaft angular position.
3. Motor current sensors are commonly placed at the motor control center. They can detect eccentric rotors, loose windings, 

rotor bar degradation, and electrical supply unbalance.
4. Dynamic pressure sensors are used for combustion dynamics, flow turbulence, and cavitations.
5. Temperature sensors are typically used to detect heat caused by friction. They often accompany vibration sensors to 

collaborate vibration-detected degradation.
6. Thermal imaging detects hundreds of temperatures within the camera’s field of view.
7. Ultrasonic sensors can detect electrical problems including corona, arcing, and tracking. They can also be used to detect 

early signs of roller bearing wear.
8. Oil sensors can detect wear debris from bearings and gears. They also can detect contaminants in the oil that reduce the 

lubrication ability of the oil.

12



Digital Twin

○ Virtual model designed to accurately reflect a physical object
a. Gather real world data 
b. feed into the digital mode
c. Simulate the performance
d. Optimize the system
e. Apply the new learning

13Source: https://new.abb.com/news/detail/80770/the-digital-twin-from-hype-to-reality



Section C-Forecasting

1. Forecasting
2. Classes of forecasting
3. Simple Moving average (SMA), Auto regression 
4. How regression and MA can be used for forecasting
5. Data forecasting using Auto Regression
6. Data forecasting using ARIMA Models
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Forecasting

Process of making predictions based on past and present data

Eg: Weather forecasts, Economic forecasts, Sales Forecasts etc.
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Classes of forecasting

1. Qualitative vs. quantitative methods
2. Average approach
3. Drift method
4. Time series methods
5. Relational methods
6. Judgmental methods
7. Artificial intelligence methods
8. Geometric Extrapolation with error prediction
9. Regression method
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Simple Moving Average (SMA)

Takes the average of the last k points to predict the nth point
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Source: https://en.wikipedia.org/wiki/Moving_average



Auto Regression

➢ operate under the premise that past values have an effect on current values, 
which makes the statistical technique popular for analyzing nature, 
economics, and other processes that vary over time. 

➢ Other models use only a linear combination of predictors
➢ Open source codes available in python
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Source: https://pythondata.com/forecasting-time-series-autoregression/



Autoregressive integrated moving average (ARIMA)

➢ Statistical analysis model that uses time series data to either better 
understand the data set or to predict future trends

➢ Uses delayed or lagged moving averages to smooth time series data
➢ Used to make time series data stationary
➢ Open source codes available in python
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Section D-Bad data Detection

1. Bad data
2. Bad data detection
3. Methods used to detect bad data
4. The different types of graphs
5. Detecting bad data from graphs
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Bad data

inaccurate set of information

1. missing data
2. wrong information
3. inappropriate data
4. non-conforming data
5. duplicate data 
6. poor entries (misspells, typos, 

variations in spellings, format etc). 
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Source: Google



Bad data detection

1. Median
2. Standard Deviation
3. 3 sigma rule
4. p-value test
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Source: Wikipedia



Bad data detection

1. Median
2. Standard Deviation
3. 3 sigma rule
4. p-value test
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Source: Wikipedia



Section E-Introduction to Python using 
Spyder-Anaconda package and practical case study

1. Use of Spyder(Anaconda) package(Open Source)
2. Syntax pertaining to Loops, Conditional statements, functions and file 

handling, 
3. Opening and reading the contents of a file, opening and writing/appending 

data to a file
4. Plotting graphs
5. Case Study
6. Develop a fully fledged condition monitoring system for monitoring the health 

of a marine machine
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Loops
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https://docs.python.org/3/contents.html
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https://docs.python.org/3/contents.html
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https://docs.python.org/3/contents.html
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6UEC60LSA engine Specifications

Case Study 1- Condition-Based Monitoring for Marine 
Engine Maintenance by Analyzing Drain Cylinder Oil 

Sample 

42
Famakinwa, Ayo, and Tadahiro Shibutani. "Condition-Based Monitoring for Marine Engine Maintenance by Analyzing Drain 
Cylinder Oil Sample." Tribology Online 17.2 (2022): 71-77.

Maintenance decision making framework
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Case Study 1

Famakinwa, Ayo, and Tadahiro Shibutani. "Condition-Based Monitoring for Marine Engine Maintenance by Analyzing Drain Cylinder Oil Sample." Tribology Online 17.2 (2022): 71-77.

 Engine output and particles quantity in oil 
sample Graphical representation of average wear rate



Sensor selection is an important step during the Condition Monitoring process. The 
factors affecting the selection of a sensor can be as follows:

1. Determine the variables to be measured

2. Determine the technical specification of sensors for each measurement

3. Determine the availability and affordability of sensors

4. Determine the installation, maintenance plan and calibration procedure of sensors

44

Case Study 2- Sensors Specifications For Maritime 
Condition Monitoring Based On Failure Mode, Effects 

and Criticality Analysis (FMECA) 

Shan Guan, Knut Erik Knutsen, and Øystein Åsheim Alnes, " Condition Monitoring Based On Fmeca: A Case Study Of Sensors Specifications For Maritime" 
proceedings of MFPT 2017, Society for Machinery Failure Prevention Technology
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Case Study 2

Component Failure Modes Failure Effects Failure Criticality Sensors

Electric
Motor

Overheating Short motor life to
motor failure

High to Very
High

Temperature

Frequency 
Converter

Temperature induced Components/ system failure, Won’t 
start

High to Very High Thermography

Shaft Shaft failure Components/ System failure High to Very High Vibration, Acoustic
Emission, UT

Sheared Shaft, Shaft 
failure

Seized High to Very High Vibration, Acoustic Emission,
UT

Tooth Coupling Teeth wear away High vibration  to system failure Medium to Very 
High

Vibration, Torque, Particulate 
analysis/

Wear Debris

Tooth fatigue
failure

High vibration  to
system failure

High Vibration,
Torque



Case Study 2
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Rolling Bearing Rolling contact fatigue Seized to system failure High to Very High Vibration, Temperature, Oil analysis (off 
site)/

Wear Debris

Plastic deformation Noisy/Excessive vibration,
Seized Motor, Loss of torque

Medium to Very 
High

Vibration

Bevel Gear Plastic deformation Noisy, Vibration, System Failure Medium to Very 
High

Oil analysis (off site)/ Wear
Debris, Vibration

Tooth flank contact 
fatigue

Vibration, System Failure Medium to Very 
High

Oil analysis (off site)/ Wear Debris,
Vibration

Propeller Blade Fatigue failure Loss of Torque, Vibration,
System Failure

Medium to Very 
High

Torque, Vibration,
Ultrasonic

Lubrication 
System

Pressure drop Components/System failure in long 
term

Medium to Very 
High

Oil Pressure

Overheating Components/System failure in long 
term

Medium to Very 
High

Temperature
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Case Study 2
 Accelerometers Velocity Vibration Sensors Displacement Vibration Sensors

Measuring
Parameters

Acceleration Velocity Displacement

Sensing 
Mechanism

Piezoelectric Sensors Electromagnetic transducer Capacitance sensors or Eddy-
current probe

Major 
Advantages

Good response at high frequencies; Able 
to stand high Temperature; Small size

Good response in middle range 
frequencies;

Able to stand high temperature; 
Low Cost;

No external power needed.

Non-contact, No wear;
Able to measure both static and dynamic 

displacements; Good response at low 
frequencies

Major 
Disadvantages

Sensitive to high frequency noise; 
Higher cost

Low resonant frequency and phase 
shift; Large footprint; Cross noise

Bounded by high frequencies; Sensitive to 
Electrical and mechanical noise

Wireless 
Capability

Commercially available Not available Possible, not yet commercially
available.

MEMS-based 
devices 

available

Commercially available Not available Commercially available
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Tech Specification SLD144S Vibration Sensor General Vibration Sensors for Ship Machinery CM

Nominal sensitivity, main axis 100 mV/g 10-500  mV/g

Transverse sensitivity Max. 10% Max. 10%

Typical base strain sensitivity 0.01 m/s2/μ strain 0.01-0.05 m/s2/μ strain

Linear frequency range 2 Hz - 10 kHz (±1dB ) (–3 dB at 0.7 Hz) 2 Hz - 10 kHz (±1dB) (–3 dB at 0.7 Hz)

Max. peak acceleration 600 m/s2 = 60 g 100 g

Settling time 3 sec 1-5 sec

Bias point 11 to 13 V (typical 12 V) 11 to 13 V (typical 12 V)

Temperature range 40° C to +125° C 0° C to +175° C

Power requirements 24 V /2 - 5 mA 5-24 V (1-10 mA)

Casing Stainless acid proof steel Marine Environment Resist materials preferred

Isolation Case isolated, > 1 Mohm Case isolated, > 1 Mohm

Case Study 2


