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SPECIFICATION 

TITLE OF INVENTION: 

DEVICE, PROGRAM, RECORDING MEDIUM AND METHOD FOR 

FACILITATING MANAGEMENT OF SCHEDULE OF VOYAGE 

TECHNICAL FIELD 

[0001]  The present invention pertains to a technique of facilitating 

management by a user of a schedule of a voyage. 

BACKGROUND ART 

[0002]  There is a need for reducing fuel consumption required for a ship to 

carry out a voyage from a specified departure port to a specified 

destination port as much as possible under a condition that the ship can 

arrive at the destination port by a certain timing.

[0003]  For example, patent document 1 is an example of a document that 

discloses a technique that meets the above-mentioned need. Patent 

document 1 discloses a system that calculates, with regard to each section 

between neighboring nodes set in an area between a departure point and a 

destination point, a sailing speed, fuel consumption, etc. based on data 

sets indicating performance of a ship that sails from the departure point 

to the destination point and data sets indicating maritime weather 

conditions in the area, and searches the best sailing route from the 

departure point to the destination point based on the calculated sailing 

speeds, fuel consumption, etc. In patent document 1, "the best sailing 

route" is defined as a sailing route that incurs the lowest cost calculated 

based on fuel consumption, sailing time, etc. 

PRIOR ART DOCUMENT 

PATENT DOCUMENT 

[0004] Patent Document 1: JP 2007-057499A 

SUMMARY OF THE INVENTION 

PROBLEM TO BE SOLVED BY THE INVENTION 

[0005]  When a ship visits ports on a sailing route during a voyage, it is 

necessary to reserve in advance a time slot for using a berth at each port. 

This time slot is usually referred to as a "berth window," and is 
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frequently expressed as "B/W." Usually, a ship operation manager or a 

ship agent who undertakes various operations at a port such as cargo 

handling operations on behalf of the ship operation manager applies to 

the relevant port authority for a desired berth window for a ship, and the 

port authority allocates a berth window to the ship in response to the 

application. 

[0006]  Once berth windows are allocated, a sailing time of each section of a 

sailing route between a port and its subsequent port is roughly 

determined. Once a sailing time of each section of a sailing route is 

determined, a sailing speed over each section of the sailing route is 

determined. Once a sailing speed over each section of a sailing route is 

determined, fuel consumption required for sailing each section of the 

sailing route is determined. Accordingly, total fuel consumption required 

for sailing the entire sailing route is affected by a berth window allocated 

to the ship at each port to be visited by the ship during a voyage. 

[0007]  Within an allocated berth window, a time period during which a ship is 

actually docked at a berth can be adjusted. For example, a ship may dock 

at a berth at a beginning time of an allocated berth window and leave the 

berth before an ending time of the berth window after all operations for 

the ship performed at the berth, such as cargo handling operations, are 

completed. Alternatively, a ship may dock at a berth later than a 

beginning time of an allocated berth window and leave the berth almost 

at an ending time of the berth window after all operations for the ship 

performed at the berth are completed. Sailing times of sections of a 

sailing route before and after the port differ between the former case and 

the latter case. Accordingly, total fuel consumption required for sailing 

the entire sailing route is also affected by a time period during which a 

ship is actually docked at a berth within an allocated berth window. 

[0008]  Therefore, if a ship operation manager, a ship's navigator or the like 

can know in advance a preferable time period of docking a ship at a berth 

that causes a reduction in total fuel consumption required for the entire 

sailing route, he/she can achieve a reduction in total fuel consumption by 

reserving a berth window covering the preferable time period, by shifting 

a time period during which a ship is actually docked at a berth within an 

allocated berth window so that the time period becomes close to the 

preferable time period, or by shifting an allocated berth window so that 

the allocated berth window covers the preferable time period. 

[0009]  In view of the foregoing circumstances, the purpose of the present 

invention is to enable a user such as a ship operation manager and a 

ship's navigator to specify a preferable time period for a ship to be 
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docked at a berth at each of ports visited by the ship during a voyage 

from the viewpoint of reduction in fuel consumption required for the 

voyage. 

MEANS FOR SOLVING THE PROBLEM 

[0010]  To solve the above explained problem, in the present invention, there 

is provided A device for managing a schedule of a voyage made by a ship 

sailing on a sailing route from a departure port to a destination port, the 

ship visiting one or more ports on a remaining part of the sailing route 

from a reference location to the destination port, comprising: an 

acquisition unit that acquires a voyage schedule data set indicating a 

schedule of the voyage containing a reference time when the ship is 

located at the reference location, a starting time of a time period during 

which the ship is docked at a berth of each of the one or more ports, an 

ending time of the time period and an arrival time when the ship arrives 

at the destination port; distance data sets indicating a distance between 

the reference location and a subsequent port and a distance between two 

ports with regard to each set of two consecutive ports on the remaining 

part of the sailing route; and fuel consumption rate data sets each 

indicating a fuel consumption rate when the ship sails at a certain sailing 

speed, a calculation unit that calculates a sailing speed at which the ship 

sails from the reference location to a subsequent port and a sailing speed 

at which the ship sails from a port to a subsequent port with regard to 

each set of two consecutive ports on the remaining part of the sailing 

route, and calculates fuel consumption required for the ship to sail from 

the reference location to the destination port, based on the voyage 

schedule data set, the distance data sets and the fuel consumption rate 

data sets, and an output unit that outputs a data set indicating the fuel 

consumption calculated by the calculation unit. 

[0011]  In a preferred embodiment of the above mentioned device, the 

acquisition unit may acquire the voyage schedule data set as a first 

voyage schedule data set, the acquisition unit may acquire a second 

voyage schedule data set indicating a schedule of the voyage that is 

different from the schedule of the voyage indicated by the first voyage 

schedule data set with regard to at least one of the starting times, the 

ending times and the arrival time, the calculation unit may calculate the 

fuel consumption as first fuel consumption, the calculation unit may 

calculate a sailing speed at which the ship sails from the reference 

location to a subsequent port and a sailing speed at which the ship sails 

from a port to a subsequent port with regard to each set of two 
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consecutive ports on the remaining part of the sailing route, and 

calculates fuel consumption required for the ship to sail from the 

reference location to the destination port as second fuel consumption, 

based on the second voyage schedule data set, the distance data sets and 

the fuel consumption rate data sets, and the output unit may output a data 

set indicating the second fuel consumption. 

[0012]  In a preferred embodiment of the above mentioned device, the 

acquisition unit may acquire an original voyage data set indicating an 

original schedule of the voyage containing a starting time of a time 

period during which the ship is docked at a berth of each of the one or 

more ports, an ending time of the time period and an arrival time when 

the ship arrives at the destination port, and the output unit may output a 

data set indicating a difference between an original time and a modified 

time, the original time being one of the starting times, the ending times 

and the arrival time contained in the schedule of the voyage indicated by 

the original voyage schedule data set, the modified time being a time 

contained in the schedule of the voyage indicated by the modified voyage 

schedule data set corresponding to the original time. 

[0013]  In a preferred embodiment of the above mentioned device, the 

acquisition unit may acquire a third voyage schedule data set indicating a 

schedule of the voyage that is different from the schedule of the voyage 

indicated by the second voyage schedule data set with regard to at least 

one of the starting times, the ending times and the arrival time, the 

calculation unit may calculate a sailing speed at which the ship sails from 

the reference location to a subsequent port and a sailing speed at which 

the ship sails from a port to a subsequent port with regard to each set of 

two consecutive ports on the remaining part of the sailing route, and may 

calculate fuel consumption required for the ship to sail from the 

reference location to the destination port as third fuel consumption, based 

on the third voyage schedule data set, the distance data sets and the fuel 

consumption rate data sets, the calculation unit may compare the second 

fuel consumption and the third fuel consumption, and the output unit may 

output a data set indicating a result of the comparison performed by the 

calculation unit. 

[0014]  In a preferred embodiment of the above mentioned device, each of the 

fuel consumption rate data sets may indicate a fuel consumption rate 

when the ship sails at a certain sailing speed under a certain maritime 

weather condition that affects fuel consumption, the acquisition unit may 

acquire maritime weather data sets indicating maritime weather 

conditions under which the ship sails on the remaining part of the sailing 
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route, and the calculation unit may specify the fuel consumption rate data 

sets each of which corresponds to a combination of a sailing speed at 

which the ship sails on a section of the remaining part of the sailing route 

calculated by the calculation unit and a maritime weather condition under 

which the ship sails on the section of the remaining part of the sailing 

route indicated by one of the maritime weather data sets acquired by the 

acquisition unit, and may calculate the fuel consumption required for the 

ship to sail from the reference location to the destination port based on 

the specified fuel consumption rate data sets. 

[0015]  In a preferred embodiment of the above mentioned device, the 

acquisition unit may acquire an actual fuel consumption data set 

indicating fuel consumption that is used for the ship to sail from the 

departure port to the reference location, and the calculation unit may 

calculate total fuel consumption required for the ship to sail from the 

departure port to the destination port by adding the fuel consumption 

indicated by the actual fuel consumption data set to the fuel consumption 

required for the ship to sail from the reference location to the destination 

port calculated by the calculation unit. 

[0016]  In a preferred embodiment of the above mentioned device, when the 

calculation unit calculates the fuel consumption required for the ship to 

sail from the reference location to the destination port, the calculation 

unit may calculate fuel consumption required for the ship to sail from the 

reference location to a subsequent port and fuel consumption required for 

the ship to sail from a port to a subsequent port with regard to each set of 

two consecutive ports on the remaining part of the sailing route as 

sectional fuel consumption, and the output unit may output data sets 

indicating the sectional fuel consumption. 

[0017]  In addition, in the present invention, there is provided a program for 

causing a computer to execute, for managing a schedule of a voyage 

made by a ship sailing on a sailing route from a departure port to a 

destination port, the ship visiting one or more ports on a remaining part 

of the sailing route from a reference location to the destination port, 

acquiring a voyage schedule data set indicating a schedule of the voyage 

containing a reference time when the ship is located at the reference 

location, a starting time of a time period during which the ship is docked 

at a berth of each of the one or more ports, an ending time of the time 

period and an arrival time when the ship arrives at the destination port, 

acquiring distance data sets indicating a distance between the reference 

location and a subsequent port and a distance between two ports with 

regard to each set of two consecutive ports on the remaining part of the 
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sailing route, acquiring fuel consumption rate data sets each indicating a 

fuel consumption rate when the ship sails at a certain sailing speed, 

calculating a sailing speed at which the ship sails from the reference 

location to a subsequent port and a sailing speed at which the ship sails 

from a port to a subsequent port with regard to each set of two 

consecutive ports on the remaining part of the sailing route, and 

calculating fuel consumption required for the ship to sail from the 

reference location to the destination port, based on the voyage schedule 

data set, the distance data sets and the fuel consumption rate data sets, 

and outputting a data set indicating the calculated fuel consumption. 

[0018]  Furthermore, in the present invention, there is provided a 

computer-readable recording medium continuously storing a program for 

causing a computer to execute, for managing a schedule of a voyage 

made by a ship sailing on a sailing route from a departure port to a 

destination port, the ship visiting one or more ports on a remaining part 

of the sailing route from a reference location to the destination port, 

acquiring a voyage schedule data set indicating a schedule of the voyage 

containing a reference time when the ship is located at the reference 

location, a starting time of a time period during which the ship is docked 

at a berth of each of the one or more ports, an ending time of the time 

period and an arrival time when the ship arrives at the destination port, 

acquiring distance data sets indicating a distance between the reference 

location and a subsequent port and a distance between two ports with 

regard to each set of two consecutive ports on the remaining part of the 

sailing route, acquiring fuel consumption rate data sets each indicating a 

fuel consumption rate when the ship sails at a certain sailing speed, 

calculating a sailing speed at which the ship sails from the reference 

location to a subsequent port and a sailing speed at which the ship sails 

from a port to a subsequent port with regard to each set of two 

consecutive ports on the remaining part of the sailing route, and 

calculating fuel consumption required for the ship to sail from the 

reference location to the destination port, based on the voyage schedule 

data set, the distance data sets and the fuel consumption rate data sets, 

and outputting a data set indicating the calculated fuel consumption. 

[0019]  Furthermore, in the present invention, there is provided a method for 

managing a schedule of a voyage made by a ship sailing on a sailing 

route from a departure port to a destination port, the ship visiting one or 

more ports on a remaining part of the sailing route from a reference 

location to the destination port, comprising: a step for acquiring a voyage 

schedule data set indicating a schedule of the voyage containing a 
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reference time when the ship is located at the reference location, a 

starting time of a time period during which the ship is docked at a berth 

of each of the one or more ports, an ending time of the time period and an 

arrival time when the ship arrives at the destination port, a step for 

acquiring distance data sets indicating a distance between the reference 

location and a subsequent port and a distance between two ports with 

regard to each set of two consecutive ports on the remaining part of the 

sailing route, a step for acquiring fuel consumption rate data sets each 

indicating a fuel consumption rate when the ship sails at a certain sailing 

speed, a step for calculating a sailing speed at which the ship sails from 

the reference location to a subsequent port and a sailing speed at which 

the ship sails from a port to a subsequent port with regard to each set of 

two consecutive ports on the remaining part of the sailing route, and 

calculating fuel consumption required for the ship to sail from the 

reference location to the destination port, based on the voyage schedule 

data set, the distance data sets and the fuel consumption rate data sets, 

and a step for outputting a data set indicating the calculated fuel 

consumption. 

EFFECTS OF THE INVENTION 

[0020]  According to the present invention, fuel consumption, on which an 

effect of a time period during which a ship is actually docked at a berth 

of each of ports visited by the ship during a voyage is reflected, is 

determined, and a data set indicating the determined fuel consumption is 

output. Therefore, a user such as a ship operation manager and ship's 

navigator can know a relationship between a time period during which 

the ship is actually docked at a berth and fuel consumption required for 

the voyage. As a result, the user can specify a preferable time period 

during which the ship is actually docked at the berth from the viewpoint 

of reduction in fuel consumption required for the voyage. 

BRIEF EXPLANATION OF THE DRAWINGS 

[0021] [Fig. 1] A drawing illustrating an overall configuration of a berthing-time 

determination support system according to an exemplary embodiment of 

the present invention. 

 [Fig. 2] A drawing illustrating a configuration of a computer used as 

hardware realizing a voyage management server device, a shipboard 

terminal device or a maritime weather data distribution server device 

according to an exemplary embodiment of the present invention. 

 [Fig. 3] A drawing illustrating a functional configuration of a voyage 
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management server device according to an exemplary embodiment of the 

present invention. 

 [Fig. 4] An exemplary image of a voyage management screen displayed 

by a voyage management server device according to an exemplary 

embodiment of the present invention. 

 [Fig. 5] An exemplary image of a partial area of a voyage management 

screen displayed by a voyage management server device according to an 

exemplary embodiment of the present invention. 

 [Fig. 6] An exemplary image of a partial area of a voyage management 

screen displayed by a voyage management server device according to an 

exemplary embodiment of the present invention. 

  [Fig. 7] An exemplary image of a partial area of a voyage management 

screen displayed by a voyage management server device according to an 

exemplary embodiment of the present invention. 

 [Fig. 8] An exemplary image of a partial area of a voyage management 

screen displayed by a voyage management server device according to an 

exemplary embodiment of the present invention. 

 [Fig. 9] An exemplary image of a graph presentation screen displayed by 

a voyage management server device according to an exemplary 

embodiment of the present invention. 

 [Fig. 10A] A drawing illustrating an exemplary data structure of voyage 

management data sets used by a voyage management server device 

according to an exemplary embodiment of the present invention. 

 [Fig. 10B] A drawing illustrating an exemplary data structure of voyage 

management data sets used by a voyage management server device 

according to an exemplary embodiment of the present invention. 

 [Fig. 11] A drawing illustrating an exemplary data structure of a sailing 

route data set used by a voyage management server device according to 

an exemplary embodiment of the present invention. 

 [Fig. 12] A drawing illustrating an exemplary data structure of distance 

data sets used by a voyage management server device according to an 

exemplary embodiment of the present invention. 

 [Fig. 13] A drawing illustrating an exemplary data structure of fuel 

consumption rate data sets used by a voyage management server device 

according to an exemplary embodiment of the present invention. 

 [Fig. 14] A drawing illustrating an exemplary data structure of a maritime 

weather data set that is transmitted from a maritime weather data 

distribution server to a voyage management server device according to an 

exemplary embodiment of the present invention. 

 [Fig. 15] A drawing illustrating an exemplary data structure of result data 
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sets that are transmitted from a shipboard terminal device to a voyage 

management server device according to an exemplary embodiment of the 

present invention. 

MODES FOR CARRYING OUT THE INVENTION 

[0022] [1. Exemplary embodiment] 

  A configuration and operations of berthing-time determination support 

system 1 according to an exemplary embodiment of the present invention 

are explained below. Berthing-time determination support system 1 is a 

system for facilitating determination of a preferable time period during 

which a ship is docked at a berth at each port visited by the ship during a 

voyage from the viewpoint of a reduction in fuel consumption required 

for the voyage by presenting to a user fuel consumption required for the 

voyage before and after a time period during which the ship is docked at 

a berth of a port is shifted. A port visited by a ship during a voyage is 

referred to as a "visited port" hereinafter. A time period during which a 

ship is docked at a berth of a port is referred to as a "berthing period" 

hereinafter. 

[0023]  In this exemplary embodiment, a berthing period is defined as a time 

period from a timing when a ship arrives at a berth at a port to a timing 

when the ship leaves the berth, and a time period used for ship handling 

in the port is included in a berthing period. 

[0024]  A section of a sailing route between a visited port and its subsequent 

visited port is referred as a "sectional sailing route" hereinafter. 

[0025]  Fig. 1 is a drawing schematically illustrating an overall configuration 

of berthing-time determination support system 1. Berthing-time 

determination support system 1 comprises voyage management server 

device 11 that is used by, for example, a ship operation manager, 

shipboard terminal device 12 that is located in ship 9 and used by, for 

example, the ship's navigator, and maritime weather data distribution 

server device 13 that distributes data sets indicating information on 

maritime weather conditions in the past and in the future to voyage 

management server device 11 in response to a request from voyage 

management server device 11. Data sets indicating marine weather 

conditions are referred to as "maritime weather data sets" hereinafter. 

[0026]  Voyage management server device 11 is a server device that manages a 

schedule of a voyage made by ship 9. At the same time, voyage 

management server device 11 functions as a Web server device that 

distributes to shipboard terminal device 12 various data sets such as data 

sets indicating the schedule of the voyage in response to a request from 
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shipboard terminal device 12. Further, voyage management server device 

11 functions as a terminal device directly operated by a user such as a 

ship operation manager. A schedule of a voyage managed by voyage 

management server device 11 is defined by a berth window and a 

berthing period of each of the ports visited on a sailing route of the 

voyage. 

[0027]  Shipboard terminal device 12 transmits to voyage management server 

device 11 various data sets indicating results of conditions in which the 

ship sails during the voyage, such as actual fuel consumption for the 

voyage measured by a sensor located in ship 9 or input by a user of 

shipboard terminal device 12 such as a ship's navigator. Data sets 

indicating results of conditions in which the ship sails during the voyage 

are referred to as "result data sets" hereinafter. Shipboard terminal device 

12 also functions as a Web browser that accesses voyage management 

server device 11 functioning as a Web server device. Shipboard terminal 

device 12 receives from voyage management server device 11 various 

data sets such as data sets indicating a schedule of a voyage, and displays 

information indicated by the received data sets. Voyage management 

server device 11 and shipboard terminal device 12 perform data 

communications with each other via communication satellite 8. 

[0028]  In an exemplary case shown in Fig. 1, in voyage "R," after ship 9 

leaves departure port "A," it visits ports "B," "C," "D," and "E" in this 

order, and arrives at destination port "A." At each visited port, cargo 

handling operations such as cargo loading operations and cargo 

unloading operations are carried out. 

[0029]  A computer for general use having a communication unit for 

exchanging data with other devices may be used as hardware of each of 

voyage management server device 11, shipboard terminal device 12, and 

maritime weather data distribution server device 13. Fig. 2 is a drawing 

illustrating a configuration of computer 10 that is used as hardware of 

shipboard terminal device 12 or maritime weather data distribution server 

device 13. 

[0030]  Computer 10 comprises CPU 101 that executes various kinds of data 

processing in accordance with programs such as an OS and an application 

program and controls the other components of computer 10, memory 102 

that stores the programs executed by CPU 101 and various data sets, 

communication I/F (interface) 103 that transmits various data sets to 

external devices and receives various data sets from the external devices, 

and input-output I/F 104 that inputs various data sets to external devices 

connected to input-output I/F 104 and receives data sets from the external 
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devices. External devices connected to input-output I/F 104 may include 

an operation device such as a keyboard and a mouse, a display device, 

etc. 

[0031]  Shipboard terminal device 12 comprises, as a functional component, 

an acquisition unit (not shown in figures) that acquires data sets 

indicating fuel consumption and sailing distances of ship 9 continuously 

measured by sensors during a voyage, data sets indicating a draft and a 

trim of ship 9 input by a user such as a navigator of ship 9 and data sets 

indicating an arrival time at each port and a departure time from each 

port on a sailing route of the voyage input by the user. Moreover, 

shipboard terminal device 12 comprises, as a functional component, a 

transmitting unit (not shown in figures) that transmits data sets acquired 

by the acquisition unit to voyage management server device 11 as result 

data sets. Shipboard terminal device 12 further comprises, as functional 

components, a receiving unit (not shown in figures) that receives data 

sets indicating various information such as total fuel consumption of an 

entire voyage of ship 9 from voyage management server device 11, and 

an outputting unit (not shown in figures) that outputs the data sets 

received by the receiving unit to an external device such as a display 

device. Computer 10 that is used as hardware of shipboard terminal 

device 12 functions as a device that comprises the acquisition unit, the 

transmitting unit, the receiving unit and the outputting unit explained 

above, when it executes data processing in accordance with an 

application program for shipboard terminal device 12. 

[0032]  Maritime weather data distribution server device 13 comprises, as a 

functional component, a storage unit (not shown in figures) that stores 

maritime weather data sets indicating maritime weather conditions such 

as wind speeds, wind directions, wave heights, etc. with regard to various 

combinations of time periods, either in the past or in the future, and sea 

areas. Moreover, maritime weather data distribution server device 13 

comprises, as functional components, a receiving unit (not shown in 

figures) that receives a transmission request data set indicating a sea area 

and a time period from voyage management server device 11, and a 

retrieval unit (not shown in figures) that retrieves, from among the 

maritime weather data sets stored in the storage unit, maritime weather 

data sets corresponding to a combination of the sea area and the time 

period indicated by the transmission request data set received by the 

receiving unit. Maritime weather data distribution server device 13 

further comprises, as a functional component, a transmitting unit (not 

shown in figures) that transmits the maritime weather data sets retrieved 
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by the retrieving unit to voyage management server device 11 from which 

the transmission request is transmitted to maritime weather data 

distribution server device 13. Computer 10 that is used as hardware of 

maritime weather data distribution server device 13 functions as a device 

that comprises the storage unit, the receiving unit, the retrieving unit and 

the transmitting unit explained above, when it executes data processing 

in accordance with an application program for maritime weather data 

distribution server device 13. 

[0033]  Fig. 3 is a block diagram showing a functional configuration of voyage 

management server device 11. Namely, computer 10 that is used as 

hardware of voyage management server device 11 functions as a device 

that comprises the components shown in Fig. 3 when it executes data 

processing in accordance with an application program for voyage 

management server device 11. 

[0034]  Voyage management server device 11 comprises, as a functional 

component, storage unit 110 that stores fuel consumption rate data sets, 

sailing route data sets, and distance data sets in advance. Each of the fuel 

consumption rate data sets stored in storage unit 110 indicates a fuel 

consumption rate, for example, fuel consumption per unit sailing distance 

(ton/mile, etc.), when ship 9 sails in a certain condition that is defined by 

a combination of a sailing speed, maritime weather conditions, etc. Each 

of the sailing route data sets stored in storage unit 110 indicates a 

departure port, visited ports, and a destination port on a sailing route. 

Each of the distance data sets stored in storage unit 110 indicates a 

distance between a port and its subsequent port on a sailing route. 

Storage unit 110 further stores various sorts of data sets such as result 

data sets transmitted from shipboard terminal device 12, maritime 

weather data sets transmitted from maritime weather data distribution 

server device 13, voyage management data sets generated in accordance 

with input operations made by a user, etc. Details of the voyage 

management data sets will be explained later. 

[0035]  Before configurations of data sets stored in storage unit 110 are 

explained, a screen image where information indicated by data sets stored 

in storage unit 110 is displayed to a user and data sets to be stored in 

storage unit 110 are input by a user is explained below. Fig. 4 illustrates 

an exemplary configuration of the screen image. The screen image of Fig. 

4 is referred to as a "voyage management screen image" hereinafter. The 

voyage management screen is displayed, for example, by a display device 

connected to voyage management server device 11. 

[0036]  The voyage management screen image is divided into areas A01 - A05. 
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  Area A01 is an area where basic information such as a voyage ID 

identifying a voyage to be managed, etc. and information on a schedule 

of a voyage that is originally planned (referred to as an "original voyage 

schedule" hereinafter) are input and displayed. 

  Area 02 is an area where information on a schedule of the voyage that 

is currently used (referred to as a "current voyage schedule" hereinafter) 

is input and displayed. 

  Area 03 is an area where information on a tentative schedule of the 

voyage that is a modified version of the current voyage schedule 

(referred to as a "modified voyage schedule" hereinafter) is input and 

displayed. 

  Area A04 is an area where information on a part of the voyage that was 

already made by ship 9 such as an actual departure time from each port 

that ship 9 already visited during the voyage, total fuel consumption in 

accordance with the current voyage schedule, a difference between the 

total fuel consumption in accordance with the current voyage schedule 

and total fuel consumption in accordance with the modified voyage 

schedule, etc. are displayed. 

[0037]  The voyage management screen image contains various objects such as 

input fields, display fields, operation parts such as operation buttons, 

graphs, etc. 

[0038]  Fig. 5 illustrates an exemplary image of area A01 of the voyage 

management screen image. The first line of area A01 contains input 

fields of a voyage ID identifying a voyage to be managed, a name of a 

ship making the voyage and a name of a sailing route of the voyage. The 

first line of area A01 further contains five operation buttons, i.e. 

"original to current" button, "current to modified" button, "modified to 

current" button, "graph" button and "automatic modification" button. 

[0039]  "Original to current" button is used by a user when he/she instructs 

voyage management server device 11 to reflect information on the 

original voyage schedule, i.e. information displayed in the second line to 

the fifth line of area A01, to information on the current voyage schedule, 

i.e. information displayed in the first line and the sixth line to the eighth 

line of area A02. "Current to modified" button is used by a user when 

he/she instructs voyage management server device 11 to reflect 

information on the current voyage schedule, i.e. information displayed in 

area A02, to information on the modified voyage schedule, i.e. 

information displayed in area A03. "Modified to current" button is used 

by a user when he/she instructs voyage management server device 11 to 

reflect information on the modified voyage schedule, i.e. information 
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displayed in area A03, to information on the current voyage schedule, i.e. 

information displayed in area A02. "Graph" button is used by a user when 

he/she instructs voyage management server device 11 to display a screen 

image containing graphs (referred to as a "graph presentation screen 

image" hereinafter) that will be explained later. 

[0040]  "Automatic modification" button is used by a user when he/she 

instructs voyage management server device 11 to modify automatically 

the current voyage schedule to generate a modified voyage schedule. 

When the user clicks "automatic modification" button, voyage 

management server device 11 specifies time periods during which ship 9 

stays at ports on a remaining part of the sailing route so that estimated 

total fuel consumption for the entire voyage should become the least 

when calculated in view of predetermined conditions, and starting times 

and ending times of the specified time periods are entered into their 

corresponding input fields in area A03. 

[0041]  The second line of area A01 contains display fields where names of 

ports on the sailing route are displayed. A number of the display fields 

and the names of ports displayed in the fields are automatically 

determined by voyage management server device 11 based on a voyage 

data set corresponding to a name of a voyage input in "voyage name" 

field in the first line of area A01. 

[0042]  The third line to the fifth line of area A01 contain several objects for 

inputting or displaying information on the original voyage schedule. 

[0043]  The third line of area A01 contains several sets of a left input field, a 

right input field and a slide bar. Each of the sets corresponds to a port, 

and objects contained in each set are used for inputting a starting time 

and an ending time of a berth window (B/W) at the port in an original 

voyage schedule. A berth window corresponding to a departure port, such 

as port "A" in voyage "R," means a time period in which ship 9 should 

leave the departure port. Similarly, a berth window corresponding to a 

destination port, such as port "A" in voyage "R," means a time period in 

which ship 9 should arrive at the destination port. A user can input a 

starting time by typing numbers, etc., into the left input field and input an 

ending time by typing numbers, etc., into the right input field. The user 

can modify the starting time by dragging a left knob of the slide bar in 

the horizontal direction, and an ending time by dragging a right knob of 

the slide bar in the horizontal direction. 

[0044]  The fourth line of area A01 contains several sets of a left input field, a 

right input field and a slide bar. Each of the sets corresponds to a visited 

port, and objects contained in each set are used for inputting a starting 
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time of a berthing period at the port, i.e. an arrival time at the port, and 

an ending time of the berthing period, i.e. a departure time from the port, 

in the original voyage schedule. Functions of the objects in the fourth 

line are the same as those of the objects in the third line. 

[0045]  The fourth line of area A01 further contains two sets of an input field 

and a knob corresponding to the departure port and the destination port. 

Objects contained in the set corresponding to the departure port are used 

for inputting a departure time from the departure port in the original 

voyage schedule, and objects contained in the set corresponding to the 

destination port are used for inputting an arrival time at the destination 

port in the original voyage schedule. The user can input a departure time 

or an arrival time by typing numbers, etc., into the input field, and 

modify the time by dragging the knob in the horizontal direction. 

[0046]  The fifth line of area A01 contains several input fields corresponding 

to visited ports. A length of a berthing period at each visited port in the 

original voyage schedule is input into each of the input fields. A length of 

a berthing period is referred to as a "berthing time length" hereinafter. A 

berthing time length in an input field in the fifth line is changed 

inter-connectedly with a starting time and an ending time of a berthing 

period in input fields in the fourth line with regard to each visited port. 

Namely, when the user changes a starting time of a berthing period at a 

visited port or an ending time of the berthing period in an input field 

corresponding to the visited port in the fourth line, a berthing time length 

in an input field corresponding to the visited port in the fifth line is 

changed automatically so that consistency between the berthing time 

length and the berthing period is maintained. Similarly, when the user 

changes a berthing time length at a visited port in an input field in the 

fifth line, an ending time of a berthing period in an input field 

corresponding to the visited port in the fourth line is changed 

automatically so that consistency between the berthing time length and 

the berthing period is maintained. However, when the user inputs a 

berthing time length longer than a time length from a starting time of a 

berthing period to an ending time of a berth window with regard to a 

visited port, a starting time of the berthing period is also changed in 

addition to an ending time of the berthing period so that the berthing 

period does not go beyond the berth window. 

[0047]  It is not allowed for a berthing period to go beyond a berth window 

with regard to each port. Accordingly, when a user wishes to change a 

berthing period beyond a berth window at a visited port, he/she needs to 

change the berth window before he/she changes the berthing period. 
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When a user changes a starting time of a berth window to a timing later 

than a starting time of a berthing period, or when the user changes an 

ending time of the berth window to a timing later than an ending time of 

the berthing period, the berthing period is automatically shifted so that a 

length of the berthing period is maintained and the berthing period falls 

within the berth window. 

[0048]  Fig. 6 illustrates an exemplary image of area A02 of the voyage 

management screen image. The first line of area A02 contains display 

fields where names of ports on the sailing route are displayed in the same 

way as the second line of area A01. 

[0049]  The second line of area A02 contains display fields corresponding to 

sectional sailing routes, and a sailing distance of a corresponding 

sectional sailing route is displayed in each of the display fields. Each 

sailing distance displayed in each of the display fields is automatically 

set based on the distance data sets corresponding to the names of ports. 

[0050]  Third and fourth line of area A02 contains input fields for drafts and 

trims of ship 9 corresponding to the sectional sailing routes. A user such 

as a ship operation manager estimates a draft and a trim of ship 9 in each 

of the sectional sailing routes based on, for example, a total weight of 

loaded cargos, etc., and inputs the estimated draft and trim to input fields 

corresponding to the sectional sailing route. 

[0051]  The fifth line of area A02 contains arrows showing maritime weather 

conditions in which ship 9 sails with regard to each of the sectional 

sailing routes. More concretely, three arrows are displayed with regard to 

each sectional sailing route, and they show conditions of wind, wave, and 

tide respectively. A direction of a left arrow shows a direction of wind, 

and a length of the left arrow shows a speed of wind. A direction of a 

middle arrow shows a direction of wave, and a length of the middle arrow 

shows a height of wave. A direction of a right arrow shows a direction of 

tide, and a length of the right arrow shows a speed of tide. In area A02, a 

sailing direction of ship 9 is assumed to be the right direction, and 

directions of the arrows show directions of wind, wave, and tide relative 

to the sailing direction of ship 9. 

[0052]  Maritime weather conditions shown by arrows in the fifth line of area 

A02 are indicated by maritime weather data sets that voyage management 

server device 11 acquires from maritime weather data distribution server 

device 13, and a user cannot input or edit the maritime weather 

conditions shown in area A02. 

[0053]  The sixth to the eighth lines of area A02 contain the same types of 

objects as contained in the third to the fifth lines of area A01 respectively. 
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The objects in the sixth to the eighth lines of area A02 display berth 

windows, berthing periods and lengths of berthing period of a current 

voyage schedule, and a user can edit them by use of the objects. 

[0054]  The ninth line of area A02 contains display fields for displaying time 

differences between timings of a current voyage schedule and timings of 

an original voyage schedule, i.e. a time difference between departure 

times from each port in a current voyage schedule and in an original 

voyage schedule, and a time difference between arrival times at each port 

in the current voyage schedule and in the original voyage schedule. The 

time differences displayed in the display fields in the ninth line of area 

A02 are automatically calculated based on departure times and arrival 

times in the original voyage schedule shown in the fourth line of area 

A01 and departure times and arrival times in the current voyage schedule 

shown in the seventh line of area A02. 

[0055]  Fig. 7 illustrates an exemplary image of area A03 of the voyage 

management screen image. Types of objects and arrangements of the 

objects in area A03 are the same as those of the objects in area A02 

except that "delete port" button and "add port" button, which are not 

located in area A02, are located at the right end of the first line of area 

A03. Functions of the objects other than "delete port" button and "add 

port" button in area A03 are the same as those of the objects in area A02. 

In area A03, starting times and ending times of berth windows, starting 

times and ending times of berthing periods, and lengths of berthing 

periods may be "locked." If a starting time of a berth window or a 

berthing period, an ending time of a berth window or a berthing period, 

or a length of a berthing period is locked, the "locked" information is not 

automatically changed when an automatic change function, whose details 

are explained later, is executed in response to a click operation made to 

"automatic change" button in area A01. For example, when a user 

right-clicks on an input field in area A03 corresponding to any item of 

the above-mentioned information, a pop-up menu is displayed for 

selection of "lock" button or "unlock" button. After the user clicks on 

"lock" button in the pop-up menu, the information corresponding to the 

input field is not changed when the automatic change function is 

executed, and after the user clicks on "unlock" button in the pop-up menu, 

the information corresponding to the input field may be changed when 

the automatic change function is executed. Each of the input fields is 

displayed in different types of appearance when it is locked and unlocked 

such that a line of the input field is displayed in a different color. 

[0056]  For example, when it is allowed for an arrival time at a destination 
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port of a voyage to be delayed by up to 12 hours from an arrival time at 

the destination port of the voyage in an original voyage schedule, a user 

such as a ship operation manager may change an ending time of a berth 

window of the destination port in the sixth line of area A03 to a timing 

that is 12 hours later than the arrival time at the destination port in the 

original voyage schedule, and lock the changed arrival time. Then, if the 

user clicks on "automatic change" button, the automatic change function 

is executed and information on a modified voyage schedule is 

automatically set in area A03 so that the locked information, i.e. the 

arrival time at the destination after the change, is not changed. As a result, 

a modified voyage schedule that is made under a condition that its arrival 

time at the destination port must be earlier than 12 hours later than the 

arrival time at the destination port in the original voyage schedule is 

presented to the user. 

[0057]  "Delete port" button is used for deleting a visited port on a sailing 

route in a modified voyage schedule. A user can delete any port other 

than the departure port and the destination port from ports on a sailing 

route by selecting a name of the port in the first line by clicking a display 

field of the name and clicking "delete port" button. 

[0058]  For example, it is assumed that the fourth port is port "D" on a sailing 

route when a departure port is the first port, and port "D" is deleted from 

ports on the sailing route. In this case, the fifth port and the sixth port 

become the fourth port and the fifth port respectively on a sailing route in 

a modified voyage schedule. Namely, objects related to port "D" 

disappear from area A03, and objects related to port "E" and port "A" (as 

a destination port) move to positions of objects related to the fourth port 

and the fifth port respectively. At the same time, a distance between the 

third port (port "C") and the fourth port (port "E") is updated based on 

the distance data sets. Moreover, arrows indicating maritime weather 

conditions, i.e. conditions of wind, wave and tide, corresponding to a 

sectional sailing route from the third port to the fourth port are updated 

based on maritime weather data sets newly acquired from maritime 

weather data distribution server device 13. With regard to a draft and a 

trim, a draft and a trim corresponding to a sectional sailing route from the 

third port (port "C") to the fourth port (port "D") before port "D" is 

deleted are set as a draft and a trim corresponding to a new sailing route 

from the third port (port "C") to the fourth port (port "E") after port "D" 

is deleted. 

[0059]  "Add port" button is used for adding a port on a sailing route in a 

modified voyage schedule. A user can add a port before any port on a 
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sailing route other than the departure port by selecting a name of a port in 

the first line by clicking a display field of the name and clicking "add 

port" button. 

[0060]  For example, it is assumed that a user selects the fourth port, i.e. port 

"D," and clicks "add port" button. In this case, objects related to ports 

"D," "E" and "A" (as the destination port) in area A03 move to the right, 

and objects related to the added port appear at the positions of objects 

related to the fourth port. Among the newly added objects, a display field 

in the first line is editable by a user just after the new port is added to the 

sailing route. It is assumed that a user inputs "X" to the display field as a 

name of the added port. In response to the input of the name of the added 

port, a distance from the third port (port "C") to the fourth port (port "X") 

and a distance from the fourth port (port "X") to the fifth port (port "D") 

are updated based on the distance data sets. Moreover, arrows indicating 

maritime weather conditions, i.e. conditions of wind, wave, and tide, 

corresponding to a sectional sailing route from the third port to the fourth 

port and a sectional sailing route from the fourth port to the fifth port are 

updated based on maritime weather data sets newly acquired from 

maritime weather data distribution server device 13. With regard to a 

draft and a trim, a draft and a trim corresponding to a sectional sailing 

route from the third port (port "C") to the fourth port (port "D") before 

port "X" is added are set as a draft and a trim corresponding to a new 

sectional sailing route from the third port (port "C") to the fourth port 

(port "X") and a new sectional sailing route from the fourth port (port 

"X") to the fifth port (port "D") after port "X" is added. 

[0061]  Just after a new port is added on a sailing route, input fields of a 

starting time and an ending time of a berth window, a starting time and an 

ending time of a berthing period and a length of the berthing period 

related to the added port are blank. Accordingly, after a user adds a port 

on a sailing route, he/she is required to input data in these input fields to 

complete a modified voyage schedule. 

[0062]  Moreover, a user can change an order of ports on a sailing route by 

dragging in a horizontal direction any display field of a name of a port 

other than the departure port and the destination port in the first line of 

area A03. When an order of ports on a sailing route is changed, data 

related to sectional sailing routes affected by the change of the order of 

ports are updated in a similar way to the case where a port is deleted from 

or added to a sailing route. 

[0063]  Fig. 8 illustrates an exemplary image of area A04 of the voyage 

management screen image. The first line of area A04 contains display 
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fields where actual starting times and actual ending times of berthing 

periods, i.e. times when ship 9 actually departed from ports and times 

when ship 9 actually arrived at ports, during the voyage are displayed. 

The second line of area A04 contains display fields where actual fuel 

consumption by ship 9 on each sectional sailing route during the voyage 

is displayed. Data sets displayed in these display fields are automatically 

updated based on results data sets that voyage management server device 

11 receives from shipboard terminal device 12, and a user cannot edit the 

data sets. Before ship 9 arrives at a port, a display field of a starting time 

of a berthing period in the first line corresponding to the port is kept 

blank. Before ship 9 departs from a port, a display field of an ending time 

of a berthing period in the first line corresponding to the port is kept 

blank. Before ship 9 starts to sail on a sectional sailing route, a display 

field of fuel consumption in the second line corresponding to the 

sectional sailing route is kept blank. While ship 9 is sailing on a sectional 

sailing route, actual fuel consumption by ship 9 for sailing from the 

starting location of the sectional sailing route to the current location of 

ship 9 is displayed. 

[0064]  The third line of area A04 contains bar graphs and numbers indicating 

differences between fuel consumption by ship 9 to make a voyage in 

accordance with a current voyage schedule and fuel consumption by ship 

9 to make a voyage in accordance with a modified voyage schedule with 

regard to each sectional sailing route and an entire sailing route. Data 

sets indicated by objects displayed in the third line of area A04 are 

automatically calculated by voyage management server device 11 based 

on data sets displayed in area A02 and area A03, and a user cannot edit 

the data sets. 

[0065]  A user can set data sets related to an original voyage schedule by 

making input operations to objects in the second line to the fifth line of 

area A01. After a user sets data sets related to an original voyage 

schedule in area A01, he/she can copy data sets related to the original 

voyage schedule as data sets related to a current voyage schedule by 

clicking "original to current" button in area A01. The copied data sets are 

reflected to objects in area A02. 

[0066]  A user can copy data sets related to a current voyage schedule 

indicated by objects in area A02 as data sets related to a modified voyage 

schedule by clicking "current to modified" button in area A01. The 

copied data sets are reflected to objects in area A03. As a result, data sets 

related to a modified voyage schedule are initialized. After the 

initialization, the user can edit the modified voyage schedule by making 
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input operations to objects in area A03. 

[0067]  When a user edits a modified voyage schedule, he/she can check a 

difference between fuel consumption required for a voyage in accordance 

with a current voyage schedule and fuel consumption required for a 

voyage in accordance with a modified voyage schedule displayed in the 

third line of area A04. Accordingly, a user can plan a modified voyage 

schedule considering costs of a voyage. Moreover, when a user edits a 

modified voyage schedule, he/she can check a difference between a 

departure time from a port in an original voyage schedule and a departure 

time from the port in the modified voyage schedule, and a difference 

between an arrival time at the port in the original voyage schedule and an 

arrival time at the port in the modified voyage schedule displayed in the 

eighth line of area A03. Accordingly, a user can plan a modified voyage 

schedule considering feasibility of changes in a time schedule of the 

modified voyage schedule. 

[0068]  A user usually repeatedly makes input operations to objects in area 

A03 until a preferable modified voyage schedule is determined, and 

copies data sets related to the preferable modified voyage schedule as 

data sets related to a new current voyage schedule by clicking "modified 

to current" button in area A01. The copied data sets are reflected to 

objects in area A02. As a result, a current voyage schedule is modified. 

[0069]  When a user clicks "graph" button in area A01, a screen image 

showing graphs as illustrated in Fig. 9 pops up. A screen image as 

illustrated in Fig. 9 is referred to as a "graph presentation screen image" 

hereinafter. In the graph presentation screen image, polygonal line graphs 

with regard to a current voyage schedule and a modified voyage schedule 

that indicate cumulative fuel consumption when ship 9 arrives at each 

port on a sailing route are displayed. At any time when a user wishes to 

refer to the graphs while he/she is making a modified voyage schedule, 

he/she can open the graph presentation screen image. 

[0070]  Explanation of the voyage management screen image is now finished, 

and explanation of various data stored in storage unit 110 of voyage 

management server device 11 is described below. 

[0071]  Fig. 10A and Fig. 10B illustrate an exemplary structure of voyage 

management data sets. Voyage management data sets are stored in a table 

of voyage information of each sectional sailing route (Fig. 10A) and a 

table of voyage information of each port (Fig. 10B). In these tables, each 

of data sets displayed in the voyage management screen image is stored 

in its corresponding data field (column) of its corresponding data record 

(line). 
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[0072]  Fig. 11 illustrates an exemplary structure of a sailing route table. The 

sailing route table contains plural sailing route data sets each indicating a 

sailing route. Each sailing route data set contains a name of a sailing 

route that identifies a sailing route and a series of names of ports that 

indicate ports on the sailing route in the order to be visited by ship 9 such 

as "A-B-C-D-E-A" indicating the sailing route of voyage "R." 

[0073]  Fig. 12 illustrates an exemplary structure of a distance table. The 

distance table contains plural distance data sets each indicating a 

distance between two ports. Each distance data set indicates a 

combination of two consecutive ports such as "A-B" and a distance 

between the ports. 

[0074]  Fig. 13 illustrates an exemplary structure of a table of fuel 

consumption rate for each sailing condition. The table of fuel 

consumption rate for each sailing condition contains plural fuel 

consumption rate data sets as data records. Each fuel consumption rate 

data set contains data sets indicating various sorts of parameters that 

affect a sailing condition such as a wind speed, a wind direction, a wave 

height, a wave direction, a tide speed, a tide direction, a draft and a trim. 

Each fuel consumption rate data set further contains data sets indicating a 

sailing speed and a fuel consumption rate. Each fuel consumption rate 

data set indicates a fuel consumption rate required for ship 9 to sail at a 

sailing speed in a sailing condition defined by a combination of the 

above-mentioned parameters such as a wind speed, etc. 

[0075]  Fuel consumption rate data sets are generated by, for example, 

inputting various combinations of parameters, such as a wind direction 

and a sailing speed, to a physical simulation model of ship 9 realized by a 

computer, and recording fuel consumption rates output from the model 

together with the input parameters. Since use of a physical simulation 

model of a ship is a known technique, explanation of the model is 

omitted in this specification. 

[0076]  Fig. 14 illustrates an exemplary structure of a maritime weather data 

set that is transmitted from maritime weather data distribution server 

device 13 in response to a transmission request from voyage management 

server device 11. A maritime weather data set received by voyage 

management server device 11 is stored in the voyage management data 

sets as illustrated in Fig. 10A. As already explained, a maritime weather 

data set indicates parameters affecting a sailing condition such as a wind 

speed, a wind direction, a wave height, etc., in a certain time period 

either in the past or in the future in a certain sea area. Maritime weather 

data distribution server device 13 manages a database that stores 
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maritime weather data sets with regard to various combinations of a time 

period and a sea area. When maritime weather data distribution server 

device 13 receives a transmission request that indicates a certain time 

period and a certain sea area from voyage management server device 11, 

it transmits a maritime weather data set corresponding to a combination 

of the certain time period and the certain sea area indicated by the 

transmission request to voyage management server device 11. 

[0077]  Fig. 15 illustrates an exemplary structure of result data sets that are 

transmitted from shipboard terminal device 12 to voyage management 

server device 11 and stored in the voyage management data sets as 

illustrated in Fig. 10A and Fig. 10B. The result data sets contain data sets 

each indicating a draft and a trim when ship 9 sails in a sectional sailing 

route (Fig. 15(a)), which are transmitted from shipboard terminal device 

12 to voyage management server device 11 before ship 9 departs from 

each port. The result data sets also contain data sets each indicating a 

departure time of ship 9 from a port (Fig. 15(b)), which are transmitted 

from shipboard terminal device 12 to voyage management server device 

11 when ship 9 departs from each port. The result data sets also contain 

data sets each indicating accumulative fuel consumption that is required 

for ship 9 to sail from a departure port to a current position of ship 9 and 

an accumulative sailing distance from a location of the departure port to 

a current location of ship 9 (Fig. 15(c)), which are transmitted from 

shipboard terminal device 12 to voyage management server device 11 at 

unit time intervals during the voyage. The result data sets further contain 

data sets each indicating an arrival time of ship 9 at a port (Fig. 15(d)), 

which are transmitted from shipboard terminal device 12 to voyage 

management server device 11 when ship 9 arrives at each port. 

[0078]  The data sets indicating drafts and trims (Fig. 15(a)) are, for example, 

data sets that a user of shipboard terminal device 12 such as a ship's 

navigator specifies by checking draft gauges located at a bow and a stem 

of ship 9 when, for example, cargo handling operations are completed at 

each port and inputs to shipboard terminal device 12. When a user inputs 

a data set indicating a draft and a trim at a port, he/she also inputs a name 

of the port and a name of a subsequent port on a sailing route to 

shipboard terminal device 12 as data indicating a sectional sailing route 

such as "A-B," meaning a sectional sailing route from port "A" to port 

"B," on which ship 9 sails with the draft and the trim input by the user. 

[0079]  The data sets indicating departure times (Fig. 15(b)) are, for example, 

data sets that a user of shipboard terminal device 12 such as a ship's 

navigator inputs to shipboard terminal device 12 when ship 9 departs 
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from each port. When a user inputs a departure time, he/she also inputs a 

name of a port from which ship 9 departs such as "A" meaning port "A." 

[0080]  The data sets indicating fuel consumptions and sailing distances (Fig. 

15(c)) are, for example, data sets automatically generated and input to 

shipboard terminal device 12 by sensors on ship 9, and indicate 

accumulative fuel consumptions and accumulative sailing distances 

measured by the sensors at unit time intervals as well as timings when the 

measurements are performed. 

[0081]  The data sets indicating arrival times (Fig. 15(d)) are, for example, 

data sets that a user of shipboard terminal device 12 such as a ship's 

navigator inputs to shipboard terminal device 12 when ship 9 arrives at 

each port. When a user inputs an arrival time, he/she also inputs a name 

of a port at which ship 9 arrives such as "B" meaning port "B." 

[0082]  Explanation of various data stored in storage unit 110 is now finished, 

and explanation of functional components of voyage management server 

device 11 is continued below referring to Fig. 3. 

[0083]  Voyage management server device 11 comprises, as a functional 

component, acquisition unit 111 that acquires result data sets transmitted 

from shipboard terminal device 12, maritime weather data sets 

transmitted from maritime weather data distribution server device 13, and 

data sets (referred to as "modification instruction data sets" hereinafter) 

input by a user of voyage management server device 11 by making input 

operations to objects in the voyage management screen image. 

Acquisition unit 111 instructs storage unit 110 to store the acquired data 

sets as voyage management data sets. Moreover, acquisition unit 111 

reads out data sets stored in the table of fuel consumption rates for each 

sailing condition and data sets contained in the voyage management data 

sets (including data sets modified by modifying unit 115, which is 

explained later) from storage unit 110. 

[0084]  Voyage management server device 11 comprises, as a functional 

component, calculation unit 112 that calculates fuel consumption 

required for ship 9 to sail for each of the sectional sailing routes and an 

entire sailing route in each case where ship 9 sails in accordance with a 

current voyage schedule and a modified voyage schedule based on 

various data sets acquired by acquisition unit 111.

[0085]  Calculation unit 112 comprises speed calculation unit 1121 that 

calculates a sailing speed at which ship 9 sails on each of the remaining 

sectional sailing routes, sectional fuel consumption calculation unit 1122 

that calculates fuel consumption required for ship 9 to sail on each of the 

sectional sailing routes, total fuel consumption calculation unit 1123 that 
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calculates fuel consumption required for ship 9 to sail on the entire 

sailing route of the voyage, and comparing unit 1124 that compares fuel 

consumption in a current voyage schedule and fuel consumption in a 

modified voyage schedule, or fuel consumption in each of different 

modified voyage schedules. 

[0086]  Speed calculation unit 1121 calculates, with regard to each of sectional 

sailing routes that have not been sailed by ship 9 yet, a sailing speed at 

which ship 9 sails on the sectional sailing route by dividing a sailing 

distance of the sectional sailing route indicated by a data set stored in the 

table of voyage information of each sectional sailing route (Fig. 10A) by 

a length of a sailing time on the sectional sailing route. A length of a 

sailing time of a sectional sailing route is determined as a time length 

between an ending time of a berthing period of a port at a starting 

location of the sailing route indicated by a data set stored in the table of 

voyage information of each port (Fig. 10B) (or a current time with regard 

to a sectional sailing route on which ship 9 is currently sailing) and a 

starting time of a berthing period of a subsequent port indicated by a data 

set stored in the table of voyage information of each port (Fig. 10B). 

[0087]  Sectional fuel consumption calculation unit 1122 specifies, with 

regard to each of sectional sailing routes on which ship 9 is currently 

sailing or ship 9 has not sailed yet, a fuel consumption rate corresponding 

to a combination of parameters of maritime weather conditions such as a 

wind speed, a wind direction, etc., a draft, a trim, and a sailing speed 

indicated by a voyage management data set stored in the table of voyage 

information of each sectional sailing route (Fig. 10A) based on the fuel 

consumption rate data sets (Fig. 13). Next, sectional fuel consumption 

calculation unit 1122 calculates a remaining sailing distance of a 

sectional sailing route that ship 9 is currently sailing, i.e. a distance 

between a current location of ship 9 and a location of a destination port 

of the sectional sailing route, and calculates fuel consumption required 

for ship 9 to sail the remaining distance of the sectional sailing route by 

multiplying the specified fuel consumption rate by the calculated 

remaining sailing distance. Moreover, sectional fuel consumption 

calculation unit 1122 calculates, with regard to each of sectional sailing 

routes on which ship 9 has not sailed yet, fuel consumption required for 

ship 9 to sail on the sectional sailing route by multiplying the specified 

fuel consumption rate by a sailing distance of the sectional sailing route 

indicated by a voyage management data set stored in the table of voyage 

information of each sectional sailing route (Fig. 10A). Fuel consumption 

calculated by sectional fuel consumption calculation unit 1122 is referred 
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to as "sectional fuel consumption" hereinafter. 

[0088]  Total fuel consumption calculation unit 1123 calculates fuel 

consumption required for ship 9 to sail a remaining distance of the 

voyage by summing fuel consumption calculated by sectional fuel 

consumption calculation unit 1122 with regard to each of sectional 

sailing routes on which ship 9 is currently sailing or ship 9 has not sailed 

yet. Then, total fuel consumption calculation unit 1123 calculates total 

fuel consumption required for ship 9 to sail on the entire sailing route by 

adding the calculated fuel consumption required for ship 9 to sail the 

remaining distance of the voyage to fuel consumption that has already 

been used by ship 9 in the voyage. Fuel consumption that has already 

been used by ship 9, i.e. fuel consumption used for ship 9 to sail from a 

location of the departure port to a current location (a reference location) 

of ship 9, is referred to as "actual fuel consumption to a reference 

location" hereinafter. 

[0089]  Comparing unit 1124 calculates, with regard to each sectional sailing 

route, a change of fuel consumption when ship 9 sails in accordance with 

a modified voyage schedule instead of the original voyage schedule by 

subtracting fuel consumption when ship 9 sails in accordance with an 

original voyage schedule calculated by sectional fuel consumption 

calculation unit 1122 from fuel consumption when ship 9 sails in 

accordance with a modified voyage schedule calculated by sectional fuel 

consumption calculation unit 1122. Moreover, comparing unit 1124 

calculates a change of total fuel consumption when ship 9 sails in 

accordance with a modified voyage schedule instead of the original 

voyage schedule by subtracting total fuel consumption when ship 9 sails 

in accordance with an original voyage schedule calculated by total fuel 

consumption calculation unit 1123 from fuel consumption when ship 9 

sails in accordance with a modified voyage schedule calculated by total 

fuel consumption calculation unit 1123. These changes in fuel 

consumption calculated by comparing unit 1124 are shown in the third 

line of area A04 (Fig. 8) of the voyage management screen image. 

[0090]  Moreover, voyage management server device 11 comprises, as a 

functional component, data generating unit 113 that generates data sets 

indicating various sorts of values calculated by calculation unit 112. Data 

generating unit 113 generates, for example, data sets instructing a display 

device to display a voyage management screen image (Fig. 4) or a graph 

presentation screen image (Fig. 9) by use of values calculated by 

calculation unit 112. A format of a data set generated by data generating 

unit 113 may be, for example, an image data format and/or a text data 
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format such as an HTML data format. 

[0091]  Moreover, voyage management server device 11 comprises, as a 

functional component, output unit 114 that outputs data sets generated by 

data generating unit 113 to an external device. Output unit 114 may 

output an image data set to a display device connected to voyage 

management server device 11. Alternatively, output unit 114 may output 

a text data set indicating a text described in a markup language such as 

HTML to a Web browser application executed in voyage management 

server device 11. In this case, the Web browser application interprets the 

text data set to generate an image data set, and the image data set is 

output to a display device connected to voyage management server 

device 11. Then, a user of voyage management server device 11 such as a 

ship operation manager can check information indicated by the data sets 

output to the display device. 

[0092]  Output unit 114 may also output data sets generated by data generating 

unit 113 to shipboard terminal device 12 via communication I/F 103 and 

communication satellite 8. In this case, the data sets output by output unit 

114 are received by shipboard terminal device 12, and converted by a 

Web browser application executed in shipboard terminal device 12 into 

an image data set. The image data set is output to a display device 

connected to shipboard terminal device 12. Then, a user of shipboard 

terminal device 12 such as a ship's navigator can check information 

indicated by the data sets output to the display device. 

[0093]  Moreover, voyage management server device 11 comprises, as a 

functional component, modifying unit 115 that modifies voyage 

management data sets stored in storage unit 110. When an input operation 

is made by a user to an object in the voyage management screen image 

for changing a value shown in the image, acquisition unit 111 acquires a 

modification instruction data set indicating the change of the value, and 

modifying unit 115 updates a voyage management data set in accordance 

with the modification instruction data set. Moreover, when acquisition 

unit 111 acquires a maritime weather data set (Fig. 13) from maritime 

weather data distribution server device 13 or a result data set (Fig. 15) 

from shipboard terminal device 12, modifying unit 115 updates a voyage 

management data set using the acquired data set. 

[0094]  Acquisition unit 111 may acquire a maritime weather data set from 

maritime weather data distribution server device 13 each time a user 

makes an input operation to an object in the voyage management screen 

image for changing a time schedule of a modified voyage schedule, as 

well as at predetermined time intervals such as every 30 minutes. 
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[0095]  When modifying unit 115 updates a voyage management data set in 

accordance with a modification instruction data set or by use of a 

maritime weather data set or a result data set, calculation unit 112 

recalculates fuel consumption with regard to each sectional sailing route 

and the entire sailing route for each case when ship 9 sails in accordance 

with a current voyage schedule and when ship 9 sails in accordance with 

a modified voyage schedule based on the updated voyage management 

data set. Then, data generating unit 113 generates a data set indicating an 

updated version of the voyage management screen image or an updated 

version of the graph presentation screen image and outputs the data set to 

a display device. As a result, contents of the voyage management screen 

image or the graph presentation screen image are updated. 

[0096]  When the automatic change function is executed, modifying unit 115 

generates various tentative modified voyage schedules with different 

combinations of berthing periods by, for example, repeatedly selecting a 

berthing period from among berthing periods in a current voyage 

schedule in accordance with a predetermined rule and shifting a starting 

time or an ending time of the selected berthing period by a time length 

determined in accordance with a predetermined rule under conditions that 

no berthing period goes beyond its corresponding berth window and no 

starting time or ending time that is locked by a user is shifted. Modifying 

unit 115 generates voyage management data sets for each of the tentative 

modified voyage schedules, and instructs storage unit 110 to store them. 

[0097]  When the automatic change function is executed, acquisition unit 111 

acquires, with regard to each of the tentative modified voyage schedules 

generated by modifying unit 115, maritime weather data sets 

corresponding to combinations of time periods and sea areas indicated by 

voyage management data sets for the tentative voyage schedule from 

maritime weather data distribution server device 13. Modifying unit 115 

updates the voyage management data sets for the tentative voyage 

schedule by use of the acquired maritime weather data sets. 

[0098]  When the automatic change function is executed, calculation unit 112 

calculates total fuel consumption, with regard to each of the tentative 

modified voyage schedules generated by modifying unit 115, based on 

voyage management data sets corresponding to the tentative modified 

voyage schedule. Comparing unit 1124 of calculation unit 112 compares 

total fuel consumption calculated by total fuel consumption calculation 

unit 1123 with regard to each of the tentative modified voyage schedules 

to specify the least total fuel consumption. 

[0099]  Modifying unit 115 updates the original voyage management data sets 
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so that contents of the voyage management data sets corresponding to the 

tentative modified voyage schedule that results in the least total fuel 

consumption are reflected to the original voyage management data sets. 

As a result, a combination of berthing periods that seems preferable from 

the viewpoint of reduction of total fuel consumption is displayed as a 

time schedule of a modified voyage schedule in area A03 of the voyage 

management screen image. 

[0100]  As explained above, according to berthing-time determination support 

system 1, a user such as a ship operation manager and ship's navigator 

can easily know how much fuel consumption changes when a current 

voyage schedule is modified by making input operations to objects in the 

voyage management screen image, such as an operation to drag a left end 

or a right end of a slide bar in the seventh line of area A03, at any time 

either before or after ship 9 starts a voyage in which ship 9 visits several 

ports. In the ninth line of area A03 of the voyage management screen 

image, a time difference between an arrival time at a port, i.e. a starting 

time of a berthing period of the port, in an original voyage schedule and 

an arrival time at the port in a modified voyage schedule, or a time 

difference between a departure time from a port, i.e. an ending time of a 

berthing period of the port, in an original voyage schedule and a 

departure time from the port in a modified voyage schedule is 

automatically displayed. As a result, a user can easily judge whether the 

time schedule in the modified voyage schedule is acceptable. 

[0101]  Moreover, when the automatic change function is executed, a 

combination of berthing periods that is preferable from the viewpoint of 

reduction of total fuel consumption is automatically presented to a user. 

A user can lock any starting time or ending time of a berthing period or a 

berth window in a modified voyage schedule so the locked time should 

not be automatically changed when the automatic change function is 

executed. 

[0102]  Namely, according to berthing-time determination support system 1, a 

user can specify a preferable combination of berthing times in a voyage 

schedule from the viewpoint of reduction of total fuel consumption under 

various conditions. 

[0103] [Modifications] 

  The above described embodiment may be variously modified within a 

scope of the technical idea of the present invention. Some modifications 

of the embodiment are explained below as examples. 

[0104] (1) In the above explained embodiment, fuel consumption rate data sets 

are generated by a physical simulation model of ship 9. A method of 
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generating fuel consumption rate data sets is not limited to the method 

using a physical simulation model. For example, fuel consumption rate 

data sets may be generated by statistical analysis of a relationship 

between parameters of sailing conditions and fuel consumption rates by 

use of parameters and fuel consumption measured during voyages that 

ship 9 actually made in the past. Alternatively, for example, fuel 

consumption rate data sets may be generated by modifying data sets 

generated by a physical simulation model of ship 9 based on results of 

statistical analysis using parameters and fuel consumption measured 

during voyages that ship 9 actually made in the past. 

[0105] (2) In the above explained embodiment, fuel consumption rate data sets 

are stored in the table in the format shown in Fig. 13. A format of fuel 

consumption rate data sets is not limited to the format shown in Fig. 13, 

and any type of data set indicating a relationship between parameters of 

sailing conditions including a sailing speed and fuel consumption rates 

may be used. For example, a data set indicating a function for 

representing a fuel consumption rate having parameters such as a wind 

speed, a sailing speed, etc., as variables may be used as a fuel 

consumption rate data set in the present invention.

[0106] (3) In the above explained embodiment, each of fuel consumption rate 

data sets (Fig. 13) and maritime weather data sets (Fig. 14) indicates a 

wind speed, a wind direction, a wave height, etc. as parameters of 

maritime weather conditions. Any other sort of parameter of maritime 

weather condition such as a wave period may be used in the present 

invention. Moreover, any sort of parameter that does not relate to 

maritime weather but affects fuel consumption rate of ship 9, such as a 

degree of ship hull fouling and a degree of propeller fouling, may be used 

in the present invention. Moreover, parameters of maritime weather 

conditions may not be used in the present invention. When any parameter 

of a maritime weather condition is not used, berthing-time determination 

support system 1 may not comprise maritime weather data distribution 

server device 13. 

[0107] (4) In the above explained embodiment, a sectional sailing route, for 

which a length of sailing time, a sailing distance, a sailing speed, 

sectional fuel consumption, etc. are specified, is defined as a sailing 

route from a port to its subsequent port on a sailing route. Alternatively, a 

sailing route from a port to its subsequent port may be divided into plural 

sectional sailing routes, for each of which a length of sailing time, a 

sailing distance, a sailing speed, sectional fuel consumption, etc. may be 

specified. In this case, for example, parameters of maritime weather 
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conditions are specified with regard to each sectional sailing route that is 

shorter than a sectional sailing route in the above explained embodiment. 

Accordingly, fuel consumption in a voyage can be determined with a 

higher accuracy in this case than in the case of the above explained 

embodiment. 

[0108] (5) In the present invention, either a speed over the ground or a speed 

through the water may be used as a sailing speed. In the present invention, 

either fuel consumption per unit sailing distance (ton/mile) or fuel 

consumption per unit time length (ton/day) may be used as fuel 

consumption rate. 

[0109] (6) In the above explained embodiment, fuel consumption rate data sets, 

sailing route data sets and distance data sets are stored in storage unit 110 

of voyage management server device 11 in advance. Alternatively, 

acquisition unit 111 of voyage management server device 11 may acquire 

these data sets from a storage device that is connected to voyage 

management server device 11 directly or via a network each time they are 

used. 

[0110] (7) In the above explained embodiment, voyage management server 

device 11 and shipboard terminal device 12 are configured as different 

devices from one another. Alternatively, voyage management server 

device 11 and shipboard terminal device 12 may be integrated and 

realized by a single device located, for example, on ship 9. In this case, 

data processing of voyage management server device 11 is executed on 

ship 9. In the above explained embodiment, maritime weather data 

distribution server device 13 is configured as a device different from 

voyage management server device 11. Alternatively, maritime weather 

data distribution server device 13 and voyage management server device 

11 may be integrated and realized by a single device. 

[0111] (8) In the above explained embodiment, a current location of ship 9 

during a voyage may be specified based on an accumulated sailing 

distance indicated by a result data set and a sailing distance of each 

sectional sailing route indicated by voyage management data sets. Any 

other method of specifying a current location of ship 9 may be used in the 

present invention. For example, if ship 9 has a GPS device, shipboard 

terminal device 12 may transmit a data set indicating a combination of a 

latitude and a longitude of a current position of ship 9 measured by the 

GPS device to voyage management server device 11 as a result data set, 

and voyage management server device 11 may specify, for example, a 

remaining sailing distance based on the data set received from shipboard 

terminal device 12. For the purpose of calculating fuel consumption, it is 
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sufficient that a remaining sailing distance is specified, and it is not 

necessary for a current location of ship 9 to be specified. Accordingly, 

shipboard terminal device 12 may calculate a remaining sailing distance 

of, for example, a sectional sailing route on which ship 9 is currently 

sailing, and transmit a data set indicating the calculated remaining sailing 

distance to voyage management server device 11 instead of a data set 

indicating a current location of ship 9. Alternatively, a user of shipboard 

terminal device 12 such as a ship's navigator may manually input a 

remaining sailing distance of, for example, a sectional sailing route on 

which ship 9 is currently sailing, and shipboard terminal device 12 may 

transmit a data set indicating the remaining sailing distance to voyage 

management server device 11. 

[0112] (9) In the above explained embodiment, voyage "R" is a return voyage in 

which a departure port and a destination port are the same port, i.e. port 

"A." A type of voyage is not limited to a return voyage, and any type of 

voyage may be handled by berthing-time determination support system 1. 

[0113] (10) In the above explained embodiment, a berthing period at a port 

includes a time period used for ship handling at the port. Alternatively, a 

time period used for ship handling in a port may be included in a sailing 

period, or it may be distributed between sailing period and a berthing 

period at a certain ratio. 

[0114] (11) In the above explained embodiment, when the automatic change 

function is executed, a combination of berthing periods that results in the 

least total fuel consumption is presented as a time schedule of a modified 

voyage schedule. Any rule may be used for selecting a preferable 

combination of berthing periods in the automatic change function. 

Namely, any objective function and any constraint condition may be used 

for selecting a preferable combination of berthing periods in the 

automatic change function. For example, a combination of berthing 

periods that results in the earliest arrival time at the destination port 

under a condition that it causes total fuel consumption that is equal to or 

less than a threshold value designated by a user may be selected as a 

preferable combination of berthing periods to be used for a modified 

voyage schedule. 

[0115] (12) In the above explained embodiment, each of voyage management 

server device 11, shipboard terminal device 12 and maritime weather data 

distribution server device 13 is realized by a general purpose computer 

that executes data processing in accordance with an application program 

for the device. Alternatively, any of voyage management server device 11, 

shipboard terminal device 12 and maritime weather data distribution 
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server device 13 may be configured as a so-called dedicated device. 

[0116]  The present invention may be implemented in various forms such as a 

device like voyage management server device 11, a program causing a 

computer to function as a device like voyage management server device 

11, a computer-readable recording medium continuously storing the 

program, and a method of data processing executed by a device like 

voyage management server device 11. 

DESCRIPTION OF REFERENCE NUMERALS 

[0117] 1...berthing-time determination support system, 8...communication 

satellite, 9...ship, 10...computer, 11...voyage management server device, 

12...shipboard terminal device, 13...maritime weather data distribution 

server device, 101...CPU, 102...memory, 103...communication I/F, 

104...input-output I/F, 110...storage unit, 111...acquisition unit, 

112...calculation unit, 113...data generating unit, 114...output unit, 

115...modifying unit, 1121...speed calculation unit, 1122...sectional fuel 

consumption calculation unit, 1123...total fuel consumption calculation 

unit, 1124...comparing unit. 
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CLAIMS 

[Claim 1]  A device for managing a schedule of a voyage made by a ship 

sailing on a sailing route from a departure port to a destination port, 

the ship visiting one or more ports on a remaining part of the sailing 

route from a reference location to the destination port, comprising: 

  an acquisition unit that acquires a reference time when the ship is 

located at the reference location; distance data sets indicating a 

distance between the reference location and a subsequent port and a 

distance between two ports with regard to each set of two consecutive 

ports on the remaining part of the sailing route; fuel consumption rate 

data sets each indicating a fuel consumption per unit sailing distance 

when the ship sails at a certain sailing speed; a first voyage schedule 

data set indicating a first schedule of the voyage containing a starting 

time of a time period during which the ship is docked at a berth of 

each of the one or more ports, an ending time of the time period and 

an arrival time when the ship arrives at the destination port; and a 

second voyage schedule data set indicating a second schedule of the 

voyage that is different from the first schedule of the voyage 

indicated by the first voyage schedule data set with regard to at least 

one of the starting times, the ending times and the arrival time, 

  a calculation unit that calculates, based on the first voyage 

schedule data set and the distance data sets, a sailing speed at which 

the ship sails from the reference location to a subsequent port and a 

sailing speed at which the ship sails from a port to a subsequent port 

with regard to each set of two consecutive ports on the remaining part 

of the sailing route; calculates, based on the calculated sailing speed, 

the distance data sets, and the fuel consumption rate data sets, first 

fuel consumption required for the ship to sail from the reference 

location to the destination port; calculates, based on the second 

voyage schedule data set, the distance data sets, and the fuel 

consumption rate data sets, a sailing speed at which the ship sails 

from the reference location to a subsequent port and a sailing speed at 
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which the ship sails from a port to a subsequent port with regard to 

each set of two consecutive ports on the remaining part of the sailing 

route, and calculates, based on the calculated sailing speed, second 

fuel consumption required for the ship to sail from the reference 

location to the destination port as second fuel consumption, and 

  an output unit that outputs a data set indicating the first fuel 

consumption and the second fuel consumption calculated by the 

calculation unit. 

 [Claim 2]  The device according to claim 1, wherein 

  the acquisition unit acquires a third voyage data set indicating a 

schedule of the voyage containing a starting time of a time period 

during which the ship is docked at a berth of each of the one or more 

ports, an ending time of the time period and an arrival time when the 

ship arrives at the destination port, the schedule being different from 

the schedule of the voyage indicated by the first voyage schedule data 

set and the schedule of the voyage indicated by the second voyage 

schedule data set, with regard to at least one of the starting times, the 

ending times and the arrival time, and 

  the output unit outputs a data set indicating a difference between 

a time and another time, the time being at least one of the starting 

times, the ending times and the arrival time contained in the schedule 

of the voyage indicated by the second voyage schedule data set, the 

other time being a time contained in the schedule of the voyage 

indicated by the third voyage schedule data set, the other time 

corresponding to the at least one of the starting times, the ending 

times and the arrival time contained in the schedule of the voyage 

indicated by the second voyage schedule data set. 

[Claim 3]  The device according to claim 1 or 2, wherein 

  the acquisition unit acquires a fourth voyage schedule data set 

indicating a schedule of the voyage that is different from the schedule 

of the voyage indicated by the second voyage schedule data set with 

regard to at least one of the starting times, the ending times and the 

arrival time, 
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  the calculation unit calculates, based on the fourth voyage 

schedule data set, the distance data sets, and the fuel consumption rate 

data sets, a sailing speed at which the ship sails from the reference 

location to a subsequent port and a sailing speed at which the ship 

sails from a port to a subsequent port with regard to each set of two 

consecutive ports on the remaining part of the sailing route, and 

calculates, based on the calculated sailing speed, fuel consumption 

required for the ship to sail from the reference location to the 

destination port as third fuel consumption, 

  the calculation unit compares the second fuel consumption and 

the third fuel consumption, and 

  the output unit outputs a data set indicating a result of the 

comparison performed by the calculation unit. 

[Claim 4]  The device according to any one of claims 1 to 3, wherein 

  each of the fuel consumption rate data sets indicates a fuel 

consumption rate when the ship sails at a certain sailing speed under a 

certain maritime weather condition that affects fuel consumption, 

  the acquisition unit acquires maritime weather data sets 

indicating maritime weather conditions under which the ship sails on 

the remaining part of the sailing route, and 

  the calculation unit specifies, based on the fuel consumption rate 

data sets, fuel consumptions each of which corresponds to a 

combination of a sailing speed at which the ship sails on a section of 

the remaining part of the sailing route calculated by the calculation 

unit and a maritime weather condition under which the ship sails on 

the section of the remaining part of the sailing route indicated by one 

of the maritime weather data sets acquired by the acquisition unit, and 

calculates, based on the specified fuel consumptions, the fuel 

consumption required for the ship to sail from the reference location 

to the destination port. 

[Claim 5]  The device according to any one of claims 1 to 4, wherein 

  the acquisition unit acquires an actual fuel consumption data set 

indicating fuel consumption that is used for the ship to sail from the 

departure port to the reference location, and 
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  the calculation unit calculates total fuel consumption required for 

the ship to sail from the departure port to the destination port by 

adding the fuel consumption indicated by the actual fuel consumption 

data set to the fuel consumption required for the ship to sail from the 

reference location to the destination port calculated by the calculation 

unit. 

[Claim 6]  The device according to any one of claims 1 to 5, wherein 

  when the calculation unit calculates the fuel consumption 

required for the ship to sail from the reference location to the 

destination port, the calculation unit calculates, as sectional fuel 

consumption, fuel consumption required for the ship to sail from the 

reference location to a subsequent port and fuel consumption required 

for the ship to sail from a port to a subsequent port with regard to 

each set of two consecutive ports on the remaining part of the sailing 

route, and 

  the output unit outputs data sets indicating the sectional fuel 

consumption. 

[Claim 7]  A program for causing a computer to execute, for managing a 

schedule of a voyage made by a ship sailing on a sailing route from a 

departure port to a destination port, the ship visiting one or more ports 

on a remaining part of the sailing route from a reference location to 

the destination port, 

  acquiring a reference time when the ship is located at the 

reference location, 

  acquiring distance data sets indicating a distance between the 

reference location and a subsequent port and a distance between two 

ports with regard to each set of two consecutive ports on the 

remaining part of the sailing route, 

  acquiring fuel consumption rate data sets each indicating a fuel 

consumption per unit sailing distance when the ship sails at a certain 

sailing speed, 

  acquiring a first voyage schedule data set indicating a first 

schedule of the voyage containing a starting time of a time period 

during which the ship is docked at a berth of each of the one or more 
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ports, an ending time of the time period and an arrival time when the 

ship arrives at the destination port, 

  acquiring a second voyage schedule data set indicating a second 

schedule of the voyage that is different from the first schedule of the 

voyage indicated by the first voyage schedule data set with regard to 

at least one of the starting times, the ending times and the arrival time, 

  calculating, based on the first voyage schedule data set and the 

distance data sets, a sailing speed at which the ship sails from the 

reference location to a subsequent port and a sailing speed at which 

the ship sails from a port to a subsequent port with regard to each set 

of two consecutive ports on the remaining part of the sailing route, 

and calculating, based on the calculated sailing speed, the distance 

data sets, and the fuel consumption rate data sets, first fuel 

consumption required for the ship to sail from the reference location 

to the destination port, 

  calculating, based on the second voyage schedule data set, the 

distance data sets, and the fuel consumption rate data sets, a sailing 

speed at which the ship sails from the reference location to a 

subsequent port and a sailing speed at which the ship sails from a port 

to a subsequent port with regard to each set of two consecutive ports 

on the remaining part of the sailing route, and calculating, based on 

the calculated sailing speed, second fuel consumption required for the 

ship to sail from the reference location to the destination port as 

second fuel consumption, and 

  outputting a data set indicating the calculated first fuel 

consumption and the calculated second fuel consumption. 

[Claim 8]  A computer-readable recording medium continuously storing a 

program for causing a computer to execute, for managing a schedule 

of a voyage made by a ship sailing on a sailing route from a departure 

port to a destination port, the ship visiting one or more ports on a 

remaining part of the sailing route from a reference location to the 

destination port, 

  acquiring a reference time when the ship is located at the 

reference location, , 
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  acquiring distance data sets indicating a distance between the 

reference location and a subsequent port and a distance between two 

ports with regard to each set of two consecutive ports on the 

remaining part of the sailing route, 

  acquiring fuel consumption rate data sets each indicating a fuel 

consumption per unit sailing distance when the ship sails at a certain 

sailing speed, 

  acquiring a first voyage schedule data set indicating a first 

schedule of the voyage containing a starting time of a time period 

during which the ship is docked at a berth of each of the one or more 

ports, an ending time of the time period and an arrival time when the 

ship arrives at the destination port, 

  acquiring a second voyage schedule data set indicating a second 

schedule of the voyage that is different from the first schedule of the 

voyage indicated by the first voyage schedule data set with regard to 

at least one of the starting times, the ending times and the arrival time, 

  calculating, based on the first voyage schedule data set and the 

distance data sets, a sailing speed at which the ship sails from the 

reference location to a subsequent port and a sailing speed at which 

the ship sails from a port to a subsequent port with regard to each set 

of two consecutive ports on the remaining part of the sailing route, 

and calculating, based on the calculated sailing speed, the distance 

data sets, and the fuel consumption rate data sets, first fuel 

consumption required for the ship to sail from the reference location 

to the destination port, 

  calculating, based on the second voyage schedule data set, the 

distance data sets, and the fuel consumption rate data sets, a sailing 

speed at which the ship sails from the reference location to a 

subsequent port and a sailing speed at which the ship sails from a port 

to a subsequent port with regard to each set of two consecutive ports 

on the remaining part of the sailing route, and calculating, based on 

the calculated sailing speed, second fuel consumption required for the 

ship to sail from the reference location to the destination port as 

second fuel consumption, and 
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  outputting a data set indicating the calculated first fuel 

consumption and the calculated second fuel consumption. 

[Claim 9]  A method for managing a schedule of a voyage made by a ship 

sailing on a sailing route from a departure port to a destination port, 

the ship visiting one or more ports on a remaining part of the sailing 

route from a reference location to the destination port, comprising: 

  a step for acquiring a reference time when the ship is located at 

the reference location, 

  a step for acquiring distance data sets indicating a distance 

between the reference location and a subsequent port and a distance 

between two ports with regard to each set of two consecutive ports on 

the remaining part of the sailing route, 

  a step for acquiring fuel consumption rate data sets each 

indicating a fuel consumption per unit sailing distance when the ship 

sails at a certain sailing speed, 

  a step for acquiring a first voyage schedule data set indicating a 

first schedule of the voyage containing a starting time of a time 

period during which the ship is docked at a berth of each of the one or 

more ports, an ending time of the time period and an arrival time 

when the ship arrives at the destination port, 

  a step for acquiring a second voyage schedule data set indicating 

a second schedule of the voyage that is different from the first 

schedule of the voyage indicated by the first voyage schedule data set 

with regard to at least one of the starting times, the ending times and 

the arrival time, 

  a step for calculating, based on the first voyage schedule data set 

and the distance data sets, a sailing speed at which the ship sails from 

the reference location to a subsequent port and a sailing speed at 

which the ship sails from a port to a subsequent port with regard to 

each set of two consecutive ports on the remaining part of the sailing 

route, and calculating, based on the calculated sailing speed, the 

distance data sets, and the fuel consumption rate data sets, first fuel 

consumption required for the ship to sail from the reference location 

to the destination port, 
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  a step for calculating, based on the second voyage schedule data 

set, the distance data sets, and the fuel consumption rate data sets, a 

sailing speed at which the ship sails from the reference location to a 

subsequent port and a sailing speed at which the ship sails from a port 

to a subsequent port with regard to each set of two consecutive ports 

on the remaining part of the sailing route, and calculating, based on 

the calculated sailing speed, second fuel consumption required for the 

ship to sail from the reference location to the destination port as 

second fuel consumption, and 

  a step for outputting a data set indicating the calculated first fuel 

consumption and the calculated second fuel consumption. 
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