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This paper proposes a machine learning–based ship speed over a ground prediction model, driven by the eXtreme
Gradient Boosting (XGBoost) algorithm. The data set is acquired from a world-sailing chemical tanker with five years of
full-scale measurements. The model is trained using encountered metocean environments and ship operation profiles in two
scenarios: through propeller revolutions per minute (RPM) or propulsion power. This model is further combined with the
particle swarm optimization algorithm to integrate a sailing time control method. It optimizes constant RPM or power
operation strategy to meet the requirements of a fixed estimated time of arrival.

INTRODUCTION

The uncertainty over estimated time of arrival (ETA)—that is,
the expected arrival date and time of a shipment to a planned
destination—is one of the main problems in the decision-making
stage within the entire maritime transport chain (Valcic et al.,
2011; Wang et al., 2021). This uncertainty reduces the reliability
of the schedule, resulting in increased delays and decreased pro-
ductivity for inland transportation (Zuidwijk and Veenstra, 2015).
The ship arrival delays add to the cost of vessel operating and
supply chain management, and an efficient logistic plan cannot
be formulated (Vernimmen et al., 2007). Thus, it is important to
accurately predict the required sailing time, and the ship speed
over ground (SOG) is the most essential factor in determining the
ETA (Wang et al., 2020). The inevitable ship speed decrease as a
result of various weather conditions always leads ship operators
to frequently revise their ETA 24 hours before arrival (Fancello
et al., 2011). Reliable ship speed prediction is becoming more
essential in improving marine traffic control, fleet management,
and cargo handling operations (Prpić-Oršić et al., 2016).

A ship’s speed reduction can be divided into voluntary or invol-
untary (Faltinsen et al., 1980). The voluntary speed reduction
avoids slamming, propeller racing, and extreme ship motions by
intentionally adjusting the ship engine power or revolutions per
minute (RPM). The added resistance causes the involuntary speed
loss as a result of wind, waves, and propulsion efficiency loss in
harsh weather conditions (Chuang and Steen, 2013). The predic-
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tion of a ship’s speed requires comprehensive knowledge about
resistance, propulsion, machinery, and automatic control. Because
of modern ships’ complexity and exposure to external factors such
as wind, waves, and currents, it is not easy to accurately esti-
mate ship actual sailing speed. And there is always a discrepancy
between the theoretical calculation and real measurements. Some-
times this difference can be very significant.

With increasing interest in ship energy efficiency assessment
and emission control, it is becoming more and more common
for ships to be equipped with sensors and data acquisition sys-
tems for in-service monitoring (Dalheim and Steen, 2020). It is an
opportunity to extract valuable information from ships in opera-
tion, which increases the understanding of the ship’s actual perfor-
mance and sailing speed. Machine learning aims to actualize data-
driven models by substituting traditional analysis models based
on physical principles. Sophisticated machine learning methods
have been researched to develop more accurate data-driven ship
speed prediction models (Valcic et al., 2011; Mao et al., 2016;
Brandsæter and Vanem, 2018; Coraddu et al., 2019; Abebe et al.,
2020; Milakovic et al., 2020; Moreira et al., 2021; Yuan et al.,
2021). Because of a lack of access to ship data, relatively low-
resolution data such as noon reports and navigation simulator data
are frequently employed for model training. Those ship speed pre-
diction models are commonly trained by fuel consumption, shaft
thrust, auxiliary power, draft, or the ship’s six-degrees-of-freedom
motions. To use data-driven ship speed prediction models in real
navigation, it is necessary to model a ship’s speed in terms of
encountered weather conditions.

This paper applies the eXtreme Gradient Boosting (XGBoost)
algorithm to establish a machine learning model to predict a ship’s
SOG concerning the encountered wave, wind, and current condi-
tions. The model is established under two scenarios, one based on
RPM and the other on propulsion power, because onboard crews
always adjust these two settings to operate the vessel at sea. The
ship operation profiles data set are collected from a world-sailing
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