
This paper proposes a vision-based 
monitoring system designed and integrated 
to support vessel berthing work and to 
reduce maritime accidents from human 
errors. The proposed technique presents 
a distance measurement method which is 
essentially used for real working conditions. 

The monitoring system is an integrated 
system for the safe berthing of a vessel, 
consisting of an observation information 
system, a tug-boat support system and 
a fender system. The basis of the system 
is a distance measurement system that 
can accurately measure the distance to 
a target, and track it in the condition of 
vessel’s roll-pitching motion. In this paper, 
the principle and application strategy 
of proposed technique are explained. 
Especially, the processing time of a 
proposed measurement system is about 
200 frames per second in order to measure 
the position and heading angle of a vessel, 
its accuracy is within 1.0%.  

INTRODUCTION
To load or unload cargoes from facilities 
such as wharfs, floating production, 
storage and offloading (FPSO) vessels, 
ocean vehicles are ordinarily docked 
alongside the facilities. Research shows 
that maritime accidents can result from 
psychological and physical fatigue. In order 
to prevent accidents of this nature, it is 
necessary to provide a monitoring system 
for ship berthing that contains within it 
an intelligent system called an integrated 
posture control system (IPCS). As shown in 
Figure1, generally, the IPCS consists of:
a)  An observational information system 

based on a distance measurement 
system that can measure the distance 
to a target

b)  A tug-boat support system based on an 
observation network 

c)  A fender control system focused on 
collision avoidance to a quay

The basic role of this technique is to 
support the berthing work such that a vessel 
can safely be berthed into a destination in a 
harbour. Here, the distance measurement 
system measures the distance between the 
two targets designated by an operator in 
an image on the monitor of the IPCS. Then 
the measured distance data is transmitted 
to the IPCS through the observation 
information system. The distance data is 
then provided to the IPCS controlling the 
posture of a vessel, while it is also used for 
the monitoring system on the IPCS side to 
display the real time situation changes. 

The monitoring system which can 
control information data obtained from 
the disturbance observer will be used as 
an interface system. Also, this interface 
system can share the useful data with the 
operator, tug-boat, fender system sides via 
the observation network, such that safe 
berthing could be realized. The basis of the 
IPCS is the distance measurement system 
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which can accurately measure the distance 
to a target and track it in the condition of 
vessel’s roll and pitch motion by waves. The 
accuracy of this measurement system is 
within 1.0% for a 100 metre distance. The 
details on system performance can be seen 
by referring to [1], and the technical data 
on advanced version without the landmark 
of a target in reference [2] can also be 
checked.

DISTANCE MEASUREMENT SYSTEM

SYSTEM OVERVIEW
Figure 2 shows the configuration of the 
camera unit and the landmark made for 
our experiments. The camera unit consists 
of a tracking camera, two measurement 
cameras, and a pan-tilter. The tracking 
camera has wide field of view that is 
used to track the landmark without losing 
sight of it. This camera is also used to 
obtain the angle to a target landmark. 

The measurement cameras obtain the 
distance from the camera unit to the 
tracked landmark. The pan-tilter rotates 
the cameras on its pan and tilt axes to 
keep track of the landmark. Figure 3 shows 
an overview of the proposed position 
measurement system, when the two 
camera units of Figure 2 and two specific 
landmarks are mounted on the vessel and 
target side, respectively. 

This measurement system consists of 
two camera units with a tracking camera, 
and two measurement cameras and a pan-
tilter on a vessel, as well as two specific 
landmarks which have a radial pattern 
that is invariant to changes in scale in a 
captured image, depending on the distance 
between the cameras and landmarks. 
The vessel position (x, y) and heading θ 
relative to a reference position (x0, y0) 
are uniquely determined via the baseline 
length LU between the camera units, and 
the distance dL, dR and angles φL, φR are 

obtained with the pair of camera units and 
the two landmarks.

ESTIMATING THE DISTANCE AND ANGLE OF 
DIRECTION
The target in images is detected using 
a method named VCC [3]. VCC is a low-
cost image-matching technique that is 
applicable to real-time target detection. 
Figure 4 shows the geometry involved 
when measuring the distance using two 
angles obtained from each measurement 
camera. The distance h between the 
baseline and the target is computed from 
ψl and ψr:
1. where LC denotes the baseline length 

between left and right camera on one 
camera unit. The distance d between 
the mid-point and a target is obtained 
as follows: 

2. The distance d is assumed to be the 
distance between the camera unit and 
a landmark.

Figure 1

Figure 2 Figure 3 Figure 4
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CONCLUSION
In this paper, we proposed a monitoring 
system with distance measurement system 
designed and integrated to support the 
berthing of a vessel. And it can be used 
to reduce maritime accidents. Especially, 
it was verified that the accuracy of the 
distance measurement system with 
disturbance condition is within 1.0% for a 
distance of about 100 metres. Our future 
work is to construct the monitoring system 
as an interface to be practically shared and 
utilized for the operators in each system: 
the mobile fender system, the tug-boat 
and the IPCS.
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