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- The company Wasaline is owned by the cities of 

Vaasa and Umeå.

- M/S Wasa Express has been travelling between 

Vaasa and Umeå since 2013. 

- The ferry will be replaced in 2021 with M/S Aurora 

Botnia which is currently being built at the Rauma 

Shipyards.

M/S Wasa Express
Built 1981 by Oy Wärtsilä Ab, Helsinki.
Length/width: 141 m / 23 m.
Brt/ Nrt/ Dwt: 17046/ 5049/ 4150.
Machinery: 4 × Wärtsilä 12V32 4SA 
diesels.
Power: 14866 kW.
Knots: 19,5.
Passengers: 915.
Cabins: 60.
Cars: 450.
Trucks: 65.
Load meters: 1150.



Experiments done prior to the instalment 

of edge system on M/S Wasa Express

• Vibration analysis of wireless XDK sensor on spinning wheel of a bike

• Mounting and analysing the vibration sensing of the XDK sensors setup mounted on 

4L20 engine at VEBIC testing facility

• Use an FM transmitter to produce disturbances in to vibration readings of Sensor 

Boosterpack
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This was a trial that we 
did in order to see that 
we could read  
vibration data from a 
remote location 
situated on the "edge" 
to the cloud.
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Three XDK sensors were mounted at the testing facility from 

Vaasa Energy Business innovation Center (VEBIC).

Our motivation was to use the testing facility as a testbed for 

the Wasaline setup. 

They are used for measuring the vibration of the engine of 

XYZ axis. 

Sensors are connected to an industrial PC (Adlink MXE-5401), 

and to the internet so that any change, visualisation or 

analysis of the system can be achieved remotely. 

VEBIC vibration 
sensing
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VEBIC data analysis
• A system (hosted by Wärtsilä) based on InfluxDB for storing the data and 

Jupyter + Python for analysis has been set up.

• Data from the engine runs from June 2019 to February 2021 have been stored 
and uploaded. 

• Data is streamed/uploaded when the engine is running.
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*one minute of 
vibration data and 
the corresponding 
frequencies 
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Changes into the vibration 

sensors used for Wasaline setup 
Due to incompatibility of using wireless sensors on the board of a cruise ferry, we had to 

change to cable connected vibration sensors. 
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Source: http://eu.mouser.com;

http://developer.bosch.com
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Use an FM transmitter for producing 

disturbances into vibration sensing
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Disturbance
antenna

Purpose of the experiment was to test if we can produce disturbances 
from an FM radio antenna to the vibration measurements.19.3.2021



Demonstrator goals
The main goal is to design and operate a low-cost system to 
monitor the vibrations of the four main engines utilizing and 
edge/cloud based setup for data handling and processing.

This forms a basis for the sensor and processing capabilities needed 
for the unmanned engine room concept.

We also needed to consider:

- Hardware: physical and computational reliability since we 
cannot easily repair the system after installation.

- Software: reliability of the software stack since it is running 
continuously.
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The main goal was reached, and the system has been operational, and collected data, for about 10 

months. The system has been removed from the cruise ferry on 19.01.2021 because the ship has 

recently been sold. 
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Smart edge sensors
Low-cost processing units:
- Raspberry PI-based
- Texas Instrument Sensor Booster pack

- Acceleration (vibration)
- Temperature

- Sensors connected through I2C-bus.
- Engine speed obtained from 

existing sensor.

Data processing on the edge:
- Aggregations:

- Max, min, mean, variance
- FFT to get the vibration frequencies.
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Sensor units placement on engines
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Processing units
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EDGE device 
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Data processing
Hardware:
- Adlink industrial PC
- Connected through LAN to the sensors.
- Running CentOS + Docker.

Data collection:
- Utilizes Telegraf to collect and preprocess 

measurements and system metrics.

Data storage, processing and visualization:
- Utilizes InfluxDB time-series database.
- Data augmentation (engine status, ship in port,…).
- Static reports generated using Jupyter.
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Communication
Hardware:
- KNL modem (3G/radio) + antenna.
- GPS receiver.
- Connected through VLAN to the Adlink.

Data transfer edge to cloud:
- Transfer of data files using API calls. 

- Daily Jupyter reports.
- System status information.
- Data snapshots (continuously/on request).

Data transfer cloud to edge:
- Data requests (as a database query). 
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Cloud setup

Cloud server:
- Linux-based virtual server running Docker with InfluxDB.
- Receives transferred files from an API on the KNL server.

- Reports are sent as e-mails.
- Data snapshots are inserted into the time-series database.

- Manual data requests as database queries are sent to the ship 
through the KNL server.

- Data can be visualized and analyzed using the InfluxDB UI.
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Results
Sensor data:
- Have in total gathered over 1 TB of compressed data during 10 months:

- Raw vibration data, vibration frequency data, temperatures, system 
metrics (CPU load, memory use,…).

- The data has been moved using manual transfers using external harddrives
from the ship to cloud services (about once a month).

- The data has been analyzed and processed; tools for this have been 
developed/are under development (ÅAU/EduPower).

Daily reports:
- Daily Jupyter reports have been generated and sent by e-mail.
- Includes speed, running times, vibration spectra… 
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Measurements obtained
Vibration (actually acceleration, change in speed in x-, y- and z-directions)

- Energy of vibration (variance of the vibration change).

- Vibration frequencies (from repeated events such as rotations). Given in Hz 

(repetitions per second) or RPM (revolutions per minute, 60 * Hz).

Temperature of the sensors (and engine externally).

Engine speed (RPM)

Vessel speed, location and course

- Obtained from the KNL device.
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Engine speed calculation
- Can calculate the engine speed based on the 

major vibration frequency of the engine caused 

by the ignitions. 

- We installed hardware so we can obtain the 

engine speed from main engine 3 and main 

engines 4.
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Vibration measurements

Energy of vibrations over 24 h

- Orange is for the sensor on engine, blue is for the sensor on base of engine.

- Also shown is max and min values each minute (light orange/light blue).

- The gray shaded area is when the engine is running.
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Vibration measurements

Frequency of vibrations over 24 h

- Vibration frequencies (from repeated events such as rotations). 

- Shown in Hz (repetitions per second).

- The darker the color, the more significant vibrations (not same axis in figs.)
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Temperature

Temperature of sensors (inside metal box)

- The shaded area is when the engine is running.

- The sensors get quite hot.

- The blue line is for the sensor on the base of the engine (ME4).
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Speed, location and course

Obtained from GPS on the KNL device

- Speed in knots

- Course in degrees

- Location in longitude and latitude
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Assumptions on the data 

visualised from reports
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June 6, 2020: windy conditions

- Uneven speed.

- More vibrations in general from the engines.

- Can see the waves in the spectrogram (frequency <= 1).
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June 3, 2020: faster trip Umeå-Vaasa

- We assume that more vibrations translate into higher speed
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Results, continued
Hardware reliability and lessons learned:
- Oil and water entered some of the vibration sensors, which 

then stopped working. Conclusions: improve sensor casing.
- Could improve the maintainability of the sensor setup.
- In general, the hardware of the system has been very reliable!
- Since the RPi:s do not have real time clocks, time is reset to January

17th at each boot. 
Conclusions: use clock with battery backup in the future.

Software reliability:
- Some issues due to hard drives filling up.
- After some initial issues, the software setup has been very reliable!

Conference paper “Edge-based Vibration Monitoring of Marine Vessel Engines” has been 
published. Paper is based on the system architecture implemented on M/S Wasaline
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Link: https://bit.ly/3uP8A8r


