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Abstract: This paper describes target detection improvement in a distance measurement system using two rotatable cameras for 
floating production, storage and offloading (FPSO) facilities. The authors have developed a distance measurement system that 
consists of two rotatable cameras on a ship and a target on a wharf for the automatic berthing of ships. This system measures a 
distance by detecting and tracking the target on the wharf using the two rotatable cameras on the ship. Our goal is to apply this 
distance measurement system to an automatic relative positioning system for a ship at an FPSO facility. In this application, the shape 
of the target in the images captured by the cameras is deformed by their relative positions and attitudes, which increases the 
measurement errors. To solve this problem, we propose a target detection method that improves the target deformations. The 
proposed target detection method is able to detect the deformed targets using a target database that is created by image conversion 
with the perspective projection of a reference target. By using the proposed target detection method, the distance measurement error 
is decreased. Experimental results on a miniature scale and in an indoor environment confirmed that the measurement error of the 
relative distance is decreased by using the proposed target detection method. 
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1. Introduction 

Recently, offshore floating production, storage and 

offloading (FPSO) facilities have been used for 

developing oil and gas fields on the ocean floor. To 

unload resources from an FPSO using off-loading 

devices, a shuttle tanker is docked alongside the FPSO. 

This requires the relative positions and attitudes of the 

ship and FPSO to be maintained a long period of time. 

The concentration required to maintain this delicate 

control subjects the operator of the ship to 

psychological and physical strains that are the indirect 

causes of maritime accidents. 

Automatic ship control is a solution to relieve the 

operator from such strains. This control can be 

realized by measuring the relative distance between 

the ship and the FPSO. To continuously measure the 
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relative distance, a distance measurement system for 

automatic ship control should accommodate ship 

movements such as rolling, pitching, and yawing. The 

distance measurement system should also have a 1 m 

accuracy within a measurement range 5-40 m. Such a 

system for measuring the distance between a ship and 

an FPSO has never before been investigated. 

To realize this distance measurement system, we 

focused on the automatic ship berthing systems used 

in ports. Conventionally, distance measurement 

systems that are able to obtain the relative distance 

using a laser sensor [1] or DGPS (differential global 

positioning system)-based sensors [2-3] have been 

proposed. A laser sensor with high accuracy of within 

1 m is generally placed on a wharf. However, when a 

laser sensor is applied to an FPSO, it may fail in 

continuous measurements owing to ship movements. 

On the other hand, a DGPS-based sensor system can 

precisely measure the position, velocity, and 
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a key target algorithm was applied to the target 

database for real-time processing. 

To evaluate the stability of the proposed target 

detection method with the target database, we 

performed an experiment with the target deformations 

on a miniature scale and in an indoor environment. 

The experimental results confirmed that the stability 

of the target detection and the accuracy of the distance 

measurement were improved. This means that the 

proposed target detection can realize reliable distance 

measurement for automatic ship control to maintain 

the distance of a ship and an FPSO even if the relative 

positions and attitudes of the two rotatable cameras 

and target are changed. 

In further work, we will perform experiments to 

measure the distance on a real scale of 5m to 40m in 

an outdoor environment and estimate the relative 

positions and attitudes of a ship and an FPSO. 
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