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 techei@f facilitating
management by a user of a schedule of a voyage.

BACKGROUND ART

[0002] There is a need for reducing fuel consumptiequired for a ship to
carry out a voyage from a specified departure pord specified
destination port as much as possible under a candihat the ship can
arrive at the destination port by a certain timing.

[0003] For example, patent document 1 is an exa@ngla document that
discloses a technique that meets the above-merdiored. Patent
document 1 discloses a system that calculates, reiglard to each section
between neighboring nodes set in an area betweablsparture point and a
destination point, a sailing speed, fuel consumptietc. based on data
sets indicating performance of a ship that saitsrfrthe departure point
to the destination point and data sets indicatiregiihlme weather
conditions in the area, and searches the besingaibute from the
departure point to the destination point basedhmndalculated sailing
speeds, fuel consumption, etc. In patent documefithk best sailing
route" is defined as a sailing route that incurs kbwest 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 rodtging a voyage, it is
necessary to reserve in advance a time slot farguaiberth at each port.
This time slot is usually referred to as a "bertimeéow," and is
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frequently expressed as "B/W." Usually, a ship @pen manager or a
ship agent who undertakes various operations atraquch as cargo
handling operations on behalf of the ship operatitanager applies to
the relevant port authority for a desired berth sow for a ship, and the
port authority allocates a berth window to the simpesponse to the
application.

Once berth windows are allocated, a sailiinge of each section of a
sailing route between a port and its subsequent igooughly
determined. Once a sailing time of each sectioa s&iling route is
determined, a sailing speed over each section @fs#iling route is
determined. Once a sailing speed over each secti@nsailing route is
determined, fuel consumption required for sailiregle section of the
sailing route is determined. Accordingly, total Fsensumption required
for sailing the entire sailing route is affected &yerth window allocated
to the ship at each port to be visited by the ghiping a voyage.

Within an allocated berth window, a timeripel during which a ship is
actually docked at a berth can be adjusted. Fomgnt@, a ship may dock
at a berth at a beginning time of an allocated bberindow and leave the
berth before an ending time of the berth windowern#ll operations for
the ship performed at the berth, such as cargo livapdperations, are
completed. Alternatively, a ship may dock at a hdeter than a
beginning time of an allocated berth window andvieéhe berth almost
at an ending time of the berth window after all cggeons for the ship
performed at the berth are completed. Sailing timesections of a
sailing route before and after the port differ beem the former case and
the latter case. Accordingly, total fuel consumptr@quired for sailing
the entire sailing route is also affected by a tipegiod during which a
ship is actually docked at a berth within an alli@chberth window.

Therefore, if a ship operation managerhg's navigator or the like
can know in advance a preferable time period ofkilog a ship at a berth
that causes a reduction in total fuel consumptiequired for the entire
sailing route, he/she can achieve a reduction falttuel consumption by
reserving a berth window covering the preferabiediperiod, by shifting
a time period during which a ship is actually dodkd a berth within an
allocated berth window so that the time period bmes close to the
preferable time period, or by shifting an allocatestth window so that
the allocated berth window covers the preferabieetiperiod.

In view of the foregoing circumstances, fhepose of the present
invention is to enable a user such as a ship oparabanager and a
ship's navigator to specify a preferable time peérior a ship to be
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docked at a berth at each of ports visited by thi@ sluring a voyage
from the viewpoint of reduction in fuel consumptioequired for the
voyage.

MEANS FOR SOLVING THE PROBLEM

To solve the above explained problem, ia flresent invention, there
is provided A device for managing a schedule obgage made by a ship
sailing on a sailing route from a departure poratdestination port, the
ship visiting one or more ports on a remaining pErthe sailing route
from a reference location to the destination poomprising: an
acquisition unit that acquires a voyage schedula det indicating a
schedule of the voyage containing a reference twhen the ship is
located at the reference location, a starting toha time period during
which the ship is docked at a berth of each ofdhe or more ports, an
ending time of the time period and an arrival timeen the ship arrives
at the destination port; distance data sets inthgaa distance between
the reference location and a subsequent port asidtance between two
ports with regard to each set of two consecutivepon the remaining
part of the sailing route; and fuel consumptiorerdata sets each
indicating a fuel consumption rate when the shijpssat a certain sailing
speed, a calculation unit that calculates a saiipged at which the ship
sails from the reference location to a subsequent @and a sailing speed
at which the ship sails from a port to a subsequoent with regard to
each set of two consecutive ports on the remaimpiaid of the sailing
route, and calculates fuel consumption requiredther ship to sail from
the reference location to the destination port,edasn the voyage
schedule data set, the distance data sets andighe&dnsumption rate
data sets, and an output unit that outputs a dettanslicating the fuel
consumption calculated by the calculation unit.

In a preferred embodiment of the above nared device, the
acquisition unit may acquire the voyage schedula d&t as a first
voyage schedule data set, the acquisition unit exguire a second
voyage schedule data set indicating a scheduléefbyage that is
different from the schedule of the voyage indicabgdthe first voyage
schedule data set with regard to at least one @fstarting times, the
ending times and the arrival time, the calculatiomt may calculate the
fuel consumption as first fuel consumption, theceddtion unit may
calculate a sailing speed at which the ship sabsnfthe reference
location to a subsequent port and a sailing speadh&ch the ship sails
from a port to a subsequent port with regard toheset of two
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consecutive ports on the remaining part of theisgitoute, and
calculates fuel consumption required for the shisail from the
reference location to the destination port as sddoel consumption,
based on the second voyage schedule data setjdtende data sets and
the fuel consumption rate data sets, and the outpiittmay output a data
set indicating the second fuel consumption.

In a preferred embodiment of the above nmardd device, the
acquisition unit may acquire an original voyagealaget indicating an
original schedule of the voyage containing a staytiime of a time
period during which the ship is docked at a bertleach of the one or
more ports, an ending time of the time period ancaerival time when
the ship arrives at the destination port, and thot unit may output a
data set indicating a difference between an origiime and a modified
time, the original time being one of the startimpes, the ending times
and the arrival time contained in the schedulehaf Yoyage indicated by
the original voyage schedule data set, the modified being a time
contained in the schedule of the voyage indicatgdhle modified voyage
schedule data set corresponding to the originaétim

In a preferred embodiment of the above nared device, the
acquisition unit may acquire a third voyage schedidta set indicating a
schedule of the voyage that is different from tkkbeddule of the voyage
indicated by the second voyage schedule data sétnegard to at least
one of the starting times, the ending times andatreval time, the
calculation unit may calculate a sailing speed htol the ship sails from
the reference location to a subsequent port anailang speed at which
the ship sails from a port to a subsequent porhweigard to each set of
two consecutive ports on the remaining part of $ading route, and may
calculate fuel consumption required for the shig#ol from the
reference location to the destination port as thirel consumption, based
on the third voyage schedule data set, the distaata sets and the fuel
consumption rate data sets, the calculation uniy sc@mpare the second
fuel consumption and the third fuel consumptiond @lne output unit may
output a data set indicating a result of the congmar performed by the
calculation unit.

In a preferred embodiment of the above rmaTed device, each of the
fuel consumption rate data sets may indicate a ¢oe@lsumption rate
when the ship sails at a certain sailing speed vadeertain maritime
weather condition that affects fuel consumptiorg #tquisition unit may
acquire maritime weather data sets indicating nragtweather
conditions under which the ship sails on the remmggrpart of the sailing
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route, and the calculation unit may specify thel fec@nsumption rate data
sets each of which corresponds to a combinatioa s#iling speed at
which the ship sails on a section of the remaimagt of the sailing route
calculated by the calculation unit and a maritimeather condition under
which the ship sails on the section of the remagnpaurt of the sailing
route indicated by one of the maritime weather dsdts acquired by the
acquisition unit, and may calculate the fuel conption required for the
ship to sail from the reference location to thetdestion port based on
the specified fuel consumption rate data sets.

In a preferred embodiment of the above nared device, the
acquisition unit may acquire an actual fuel constimpdata set
indicating fuel consumption that is used for thépsto sail from the
departure port to the reference location, and thlewdation unit may
calculate total fuel consumption required for thepsto sail from the
departure port to the destination port by adding filnel consumption
indicated by the actual fuel consumption data sethe fuel consumption
required for the ship to sail from the referencedbon to the destination
port calculated by the calculation unit.

In a preferred embodiment of the above nmared device, when the
calculation unit calculates the fuel consumptioguieed for the ship to
sail from the reference location to the destinatpamt, the calculation
unit may calculate fuel consumption required foe ghip to sail from the
reference location to a subsequent port and fuekamption required for
the ship to sail from a port to a subsequent pathwegard to each set of
two consecutive ports on the remaining part of $ading route as
sectional fuel consumption, and the output unit mayput data sets
indicating the sectional fuel consumption.

In addition, in the present invention, teas provided a program for
causing a computer to execute, for managing a sdeeaf a voyage
made by a ship sailing on a sailing route from paféure port to a
destination port, the ship visiting one or moretgaon a remaining part
of the sailing route from a reference location lte destination port,
acquiring a voyage schedule data set indicatingheedule of the voyage
containing a reference time when the ship is lodatthe reference
location, a starting time of a time period duringieh the ship is docked
at a berth of each of the one or more ports, anmntime of the time
period and an arrival time when the ship arrivesh&t destination port,
acquiring distance data sets indicating a distamteveen the reference
location and a subsequent port and a distance leatwgo ports with
regard to each set of two consecutive ports onrémeaining part of the
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sailing route, acquiring fuel consumption rate dsg¢as each indicating a
fuel consumption rate when the ship sails at aairrsailing speed,
calculating a sailing speed at which the ship saibsn the reference
location to a subsequent port and a sailing speéedhach the ship sails
from a port to a subsequent port with regard toheset of two
consecutive ports on the remaining part of theisgitoute, and
calculating fuel consumption required for the shopsail from the
reference location to the destination port, basedh® voyage schedule
data set, the distance data sets and the fuel copson rate data sets,
and outputting a data set indicating the calculdtedl consumption.
Furthermore, in the present invention, thex provided a
computer-readable recording medium continuouslyistpa program for
causing a computer to execute, for managing a adeeaf a voyage
made by a ship sailing on a sailing route from paféure port to a
destination port, the ship visiting one or moretgosn a remaining part
of the sailing route from a reference location ke destination port,
acquiring a voyage schedule data set indicatingheedule of the voyage
containing a reference time when the ship is lodatthe reference
location, a starting time of a time period duringieh the ship is docked
at a berth of each of the one or more ports, anrntime of the time
period and an arrival time when the ship arrivesh&t destination port,
acquiring distance data sets indicating a distdmeteveen the reference
location and a subsequent port and a distance lestweo ports with
regard to each set of two consecutive ports onrémeaining part of the
sailing route, acquiring fuel consumption rate dsg¢as each indicating a
fuel consumption rate when the ship sails at aairrsailing speed,
calculating a sailing speed at which the ship saibsn the reference
location to a subsequent port and a sailing speéedhach the ship sails
from a port to a subsequent port with regard toheset of two
consecutive ports on the remaining part of theisgitoute, and
calculating fuel consumption required for the shopsail from the
reference location to the destination port, basedh® voyage schedule
data set, the distance data sets and the fuel copson rate data sets,
and outputting a data set indicating the calculdtesl consumption.
Furthermore, in the present invention, thex provided a method for
managing a schedule of a voyage made by a shipmgain a sailing
route from a departure port to a destination ptirg, ship visiting one or
more ports on a remaining part of the sailing rofutan a reference
location to the destination port, comprising: apster acquiring a voyage
schedule data set indicating a schedule of the geyaontaining a
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reference time when the ship is located at thereafee location, a
starting time of a time period during which the s docked at a berth
of each of the one or more ports, an ending timéheftime period and an
arrival time when the ship arrives at the destioatport, a step for
acquiring distance data sets indicating a distdmeteveen the reference
location and a subsequent port and a distance legtwgo ports with
regard to each set of two consecutive ports onrémeaining part of the
sailing route, a step for acquiring fuel consumptrate data sets each
indicating a fuel consumption rate when the shipssat a certain sailing
speed, a step for calculating a sailing speed athvthe ship sails from
the reference location to a subsequent port anailang speed at which
the ship sails from a port to a subsequent porhweigard to each set of
two consecutive ports on the remaining part of $ading route, and
calculating fuel consumption required for the shopsail from the
reference location to the destination port, basedh® voyage schedule
data set, the distance data sets and the fuel copson rate data sets,
and a step for outputting a data set indicatingdakulated fuel
consumption.

EFFECTS OF THE INVENTION

According to the present invention, fuelnsomption, on which an
effect of a time period during which a ship is aaty docked at a berth
of each of ports visited by the ship during a vogag reflected, is
determined, and a data set indicating the detercthfmel consumption is
output. Therefore, a user such as a ship operatianager and ship's
navigator can know a relationship between a timeqgueduring which
the ship is actually docked at a berth and fuelstonption required for
the voyage. As a result, the user can specify &epable time period
during which the ship is actually docked at thethdrom the viewpoint
of reduction in fuel consumption required for theyage.

BRIEF EXPLANATION OF THE DRAWINGS

[Fig. 1] A drawing illustrating an overalbafiguration of a berthing-time
determination support system according to an exanypémbodiment of
the present invention.

[Fig. 2] A drawing illustrating a configuration & computer used as
hardware realizing a voyage management server deachipboard
terminal device or a maritime weather data disttiba server device
according to an exemplary embodiment of the presanntion.

[Fig. 3] A drawing illustrating a functional comfuration of a voyage
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management server device according to an exem@artyodiment of the
present invention.

[Fig. 4] An exemplary image of a voyage managensareen displayed
by a voyage management server device according texamplary
embodiment of the present invention.

[Fig. 5] An exemplary image of a partial area of@yage management
screen displayed by a voyage management servece@dcording to an
exemplary embodiment of the present invention.

[Fig. 6] An exemplary image of a partial area of@yage management
screen displayed by a voyage management servecel@dcording to an
exemplary embodiment of the present invention.

[Fig. 7] An exemplary image of a partial areasofoyage management
screen displayed by a voyage management servecel@dcording to an
exemplary embodiment of the present invention.

[Fig. 8] An exemplary image of a partial area of@yage management
screen displayed by a voyage management servece@dcording to an
exemplary embodiment of the present invention.

[Fig. 9] An exemplary image of a graph presentatsareen displayed by
a voyage management server device according tocamplary
embodiment of the present invention.

[Fig. 10A] A drawing illustrating an exemplary @astructure of voyage
management data sets used by a voyage managemegat gevice
according to an exemplary embodiment of the presangntion.

[Fig. 10B] A drawing illustrating an exemplary @dastructure of voyage
management data sets used by a voyage managenrgat gevice
according to an exemplary embodiment of the presargntion.

[Fig. 11] A drawing illustrating an exemplary dad&ructure of a sailing
route data set used by a voyage management seevecedaccording to
an exemplary embodiment of the present invention.

[Fig. 12] A drawing illustrating an exemplary dageructure of distance
data sets used by a voyage management server daveoeding to an
exemplary embodiment of the present invention.

[Fig. 13] A drawing illustrating an exemplary dageructure of fuel
consumption rate data sets used by a voyage marageserver device
according to an exemplary embodiment of the presargntion.

[Fig. 14] A drawing illustrating an exemplary dadructure of a maritime
weather data set that is transmitted from a magtimeather data
distribution server to a voyage management sereeia® according to an
exemplary embodiment of the present invention.

[Fig. 15] A drawing illustrating an exemplary dag&ructure of result data
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sets that are transmitted from a shipboard termdiieadice to a voyage
management server device according to an exem@artyodiment of the
present invention.

MODES FOR CARRYING OUT THE INVENTION

[1. Exemplary embodiment]

A configuration and operations of berthing-timetermination support
system 1 according to an exemplary embodiment efgltesent invention
are explained below. Berthing-time determinatiopport system 1 is a
system for facilitating determination of a prefelaiime period during
which a ship is docked at a berth at each portt@tsby the ship during a
voyage from the viewpoint of a reduction in fuelnsemption required
for the voyage by presenting to a user fuel constwomprequired for the
voyage before and after a time period during whitté ship is docked at
a berth of a port is shifted. A port visited bylagsduring a voyage is
referred to as a "visited port" hereinafter. A tiperiod during which a
ship is docked at a berth of a port is referredsca "berthing period”
hereinafter.

In this exemplary embodiment, a berthingipé is defined as a time
period from a timing when a ship arrives at a bextla port to a timing
when the ship leaves the berth, and a time persatdor ship handling
in the port is included in a berthing period.

A section of a sailing route between a tadiport and its subsequent
visited port is referred as a "sectional sailingited’ hereinafter.

Fig. 1 is a drawing schematically illustireg an overall configuration
of berthing-time determination support system 1rtBeg-time
determination support system 1 comprises voyageagament server
device 11 that is used by, for example, a ship apen manager,
shipboard terminal device 12 that is located inpshiand used by, for
example, the ship's navigator, and maritime weatteda distribution
server device 13 that distributes data sets inthgainformation on
maritime weather conditions in the past and infint@ire to voyage
management server device 11 in response to a rednoes voyage
management server device 11. Data sets indicatiagma weather
conditions are referred to as "maritime weatheradsdts" hereinafter.

Voyage management server device 11 is wesatevice that manages a
schedule of a voyage made by ship 9. At the same,tvoyage
management server device 11 functions as a Weles@m®vice that
distributes to shipboard terminal device 12 varidasa sets such as data
sets indicating the schedule of the voyage in respao a request from
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shipboard terminal device 12. Further, voyage managnt server device
11 functions as a terminal device directly operabgda user such as a
ship operation manager. A schedule of a voyage maddy voyage
management server device 11 is defined by a bemldow and a
berthing period of each of the ports visited onadiag route of the
voyage.

Shipboard terminal device 12 transmits by&ge management server
device 11 various data sets indicating resultsafditions in which the
ship sails during the voyage, such as actual foelsamption for the
voyage measured by a sensor located in ship 9mirtiby a user of
shipboard terminal device 12 such as a ship's r&wirg Data sets
indicating results of conditions in which the slsgils during the voyage
are referred to as "result data sets" hereina8bipboard terminal device
12 also functions as a Web browser that accessgageomanagement
server device 11 functioning as a Web server devadgepboard terminal
device 12 receives from voyage management serwaceel various
data sets such as data sets indicating a sched@e@yage, and displays
information indicated by the received data setsyagpe management
server device 11 and shipboard terminal device &2gym data
communications with each other via communicatioteddae 8.

In an exemplary case shown in Fig. 1, iryage "R," after ship 9
leaves departure port "A," it visits ports "B," "CD," and "E" in this
order, and arrives at destination port "A." At eagkited port, cargo
handling operations such as cargo loading operatamd cargo
unloading operations are carried out.

A computer for general use having a comneation unit for
exchanging data with other devices may be usedaadware of each of
voyage management server device 11, shipboard baxindievice 12, and
maritime weather data distribution server device Rig). 2 is a drawing
illustrating a configuration of computer 10 thatused as hardware of
shipboard terminal device 12 or maritime weatheiad#istribution server
device 13.

Computer 10 comprises CPU 101 that executgsus kinds of data
processing in accordance with programs such as&ma@ an application
program and controls the other components of coewpl®, memory 102
that stores the programs executed by CPU 101 andwsdata sets,
communication I/F (interface) 103 that transmitgigas data sets to
external devices and receives various data sets the external devices,
and input-output I/F 104 that inputs various dagéssto external devices
connected to input-output I/F 104 and receives deata from the external
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devices. External devices connected to input-outffutt04 may include
an operation device such as a keyboard and a maugisplay device,
etc.

[0031] Shipboard terminal device 12 comprisesadanctional component,
an acquisition unit (not shown in figures) that aggs data sets
indicating fuel consumption and sailing distancésloip 9 continuously
measured by sensors during a voyage, data seteandg a draft and a
trim of ship 9 input by a user such as a navigatioship 9 and data sets
indicating an arrival time at each port and a déyar time from each
port on a sailing route of the voyage input by tiser. Moreover,
shipboard terminal device 12 comprises, as a fumei component, a
transmitting unit (not shown in figures) that tramss data sets acquired
by the acquisition unit to voyage management sedeatice 11 as result
data sets. Shipboard terminal device 12 further moses, as functional
components, a receiving unit (not shown in figurdst receives data
sets indicating various information such as totadlfconsumption of an
entire voyage of ship 9 from voyage managementesedevice 11, and
an outputting unit (not shown in figures) that outp the data sets
received by the receiving unit to an external devsecich as a display
device. Computer 10 that is used as hardware qfbsddrd terminal
device 12 functions as a device that comprisesatttpuisition unit, the
transmitting unit, the receiving unit and the outng unit explained
above, when it executes data processing in accaaanth an
application program for shipboard terminal devi& 1

[0032] Maritime weather data distribution servevice 13 comprises, as a
functional component, a storage unit (not showiiguires) that stores
maritime weather data sets indicating maritime \eatconditions such
as wind speeds, wind directions, wave heights, with regard to various
combinations of time periods, either in the pastrothe future, and sea
areas. Moreover, maritime weather data distribusenver device 13
comprises, as functional components, a receivinig (not shown in
figures) that receives a transmission request datandicating a sea area
and a time period from voyage management serveirceell, and a
retrieval unit (not shown in figures) that retrieydrom among the
maritime weather data sets stored in the storage maritime weather
data sets corresponding to a combination of theasea and the time
period indicated by the transmission request dataeceived by the
receiving unit. Maritime weather data distributisarver device 13
further comprises, as a functional component, agnaitting unit (not
shown in figures) that transmits the maritime weattata sets retrieved
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by the retrieving unit to voyage management sederice 11 from which
the transmission request is transmitted to maritimeather data
distribution server device 13. Computer 10 thatsed as hardware of
maritime weather data distribution server devicefdi3ctions as a device
that comprises the storage unit, the receiving,uhi¢ retrieving unit and
the transmitting unit explained above, when it exes data processing
in accordance with an application program for maré weather data
distribution server device 13.

Fig. 3 is a block diagram showing a funatab configuration of voyage
management server device 11. Namely, computer &0ithused as
hardware of voyage management server device lltiimums as a device
that comprises the components shown in Fig. 3 whexecutes data
processing in accordance with an application progfar voyage
management server device 11.

Voyage management server device 11 compriae a functional
component, storage unit 110 that stores fuel comdion rate data sets,
sailing route data sets, and distance data seaslviance. Each of the fuel
consumption rate data sets stored in storage uritiddicates a fuel
consumption rate, for example, fuel consumption it sailing distance
(ton/mile, etc.), when ship 9 sails in a certaimdiion that is defined by
a combination of a sailing speed, maritime weattmrditions, etc. Each
of the sailing route data sets stored in storagé 140 indicates a
departure port, visited ports, and a destinatiornt pa a sailing route.
Each of the distance data sets stored in storageldf indicates a
distance between a port and its subsequent poa ailing route.
Storage unit 110 further stores various sorts dadsaets such as result
data sets transmitted from shipboard terminal dewi2, maritime
weather data sets transmitted from maritime weatlega distribution
server device 13, voyage management data sets @emuein accordance
with input operations made by a user, etc. Detaflthe voyage
management data sets will be explained later.

Before configurations of data sets storedtorage unit 110 are
explained, a screen image where information indidaiy data sets stored
in storage unit 110 is displayed to a user and data to be stored in
storage unit 110 are input by a user is explainelWw. Fig. 4 illustrates
an exemplary configuration of the screen image. $treen image of Fig.
4 is referred to as a "voyage management screegelaereinafter. The
voyage management screen is displayed, for exanbyle, display device
connected to voyage management server device 11.

The voyage management screen image is ddvzidto areas A0l - AO5.
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Area A0l is an area where basic information sasha voyage 1D
identifying a voyage to be managed, etc. and infation on a schedule
of a voyage that is originally planned (referredaan "original voyage
schedule" hereinafter) are input and displayed.

Area 02 is an area where information on a scheadlthe voyage that
is currently used (referred to as a "current voyagkedule" hereinafter)
is input and displayed.

Area 03 is an area where information on a temtatichedule of the
voyage that is a modified version of the currenyage schedule
(referred to as a "modified voyage schedule" heatigr) is input and
displayed.

Area A04 is an area where information on a p&ithe voyage that was
already made by ship 9 such as an actual depatimefrom each port
that ship 9 already visited during the voyage, tdt@l consumption in
accordance with the current voyage schedule, a&ifice between the
total fuel consumption in accordance with the catreoyage schedule
and total fuel consumption in accordance with thedmied voyage
schedule, etc. are displayed.

The voyage management screen image contarnsus objects such as
input fields, display fields, operation parts suahoperation buttons,
graphs, etc.

Fig. 5 illustrates an exemplary image oéaA01 of the voyage
management screen image. The first line of area édxitains input
fields of a voyage ID identifying a voyage to bemaged, a name of a
ship making the voyage and a name of a sailingeaitthe voyage. The
first line of area AO1 further contains five opaoat buttons, i.e.
"original to current" button, "current to modifiedbutton, "modified to
current” button, "graph" button and "automatic nfecition” button.

"Original to current” button is used by saem when he/she instructs
voyage management server device 11 to reflect m&iron on the
original voyage schedule, i.e. information displdya the second line to
the fifth line of area AO1, to information on thearcent voyage schedule,
i.e. information displayed in the first line andetBixth line to the eighth
line of area A02. "Current to modified" button isad by a user when
he/she instructs voyage management server devide fdflect
information on the current voyage schedule, i.éoimation displayed in
area A02, to information on the modified voyage esghle, i.e.
information displayed in area A03. "Modified to cant" button is used
by a user when he/she instructs voyage manageneeneisdevice 11 to
reflect information on the modified voyage schedule. information
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displayed in area A03, to information on the cutreayage schedule, i.e.
information displayed in area A02. "Graph" buttenuised by a user when
he/she instructs voyage management server devide tlisplay a screen
image containing graphs (referred to as a "grags@ntation screen
image" hereinafter) that will be explained later.

"Automatic modification" button is used layuser when he/she
instructs voyage management server device 11 toifmaditomatically
the current voyage schedule to generate a modifaaége schedule.
When the user clicks "automatic modification" butfovoyage
management server device 11 specifies time perdagsg which ship 9
stays at ports on a remaining part of the sailiogte so that estimated
total fuel consumption for the entire voyage shobé&tome the least
when calculated in view of predetermined conditioasd starting times
and ending times of the specified time periodsentered into their
corresponding input fields in area A03.

The second line of area AO1 contains digdialds where names of
ports on the sailing route are displayed. A numbfethe display fields
and the names of ports displayed in the fieldsar®matically
determined by voyage management server device $&dban a voyage
data set corresponding to a name of a voyage inplioyage name”
field in the first line of area AOL.

The third line to the fifth line of area AQontain several objects for
inputting or displaying information on the originabyage schedule.

The third line of area A0l contains sevesats of a left input field, a
right input field and a slide bar. Each of the setsresponds to a port,
and objects contained in each set are used fortimmua starting time
and an ending time of a berth window (B/W) at theetpn an original
voyage schedule. A berth window corresponding tteparture port, such
as port "A" in voyage "R," means a time period ihieh ship 9 should
leave the departure port. Similarly, a berth windoavresponding to a
destination port, such as port "A" in voyage "R,eams a time period in
which ship 9 should arrive at the destination pé&rtiser can input a
starting time by typing numbers, etc., into thet li@fput field and input an
ending time by typing numbers, etc., into the rigiput field. The user
can modify the starting time by dragging a left bnaf the slide bar in
the horizontal direction, and an ending time bygtiag a right knob of
the slide bar in the horizontal direction.

The fourth line of area A0l contains sevesets of a left input field, a
right input field and a slide bar. Each of the setsresponds to a visited
port, and objects contained in each set are usedthputting a starting
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time of a berthing period at the port, i.e. an aatitime at the port, and
an ending time of the berthing period, i.e. a dép@ time from the port,
in the original voyage schedule. Functions of tlwgects in the fourth
line are the same as those of the objects in thrd thme.

The fourth line of area AO01 further contaitwo sets of an input field
and a knob corresponding to the departure porttaeddestination port.
Objects contained in the set corresponding to teadture port are used
for inputting a departure time from the departuogtgn the original
voyage schedule, and objects contained in the @egesponding to the
destination port are used for inputting an arritiale at the destination
port in the original voyage schedule. The user icgrut a departure time
or an arrival time by typing numbers, etc., inte timput field, and
modify the time by dragging the knob in the horitalndirection.

The fifth line of area AO1 contains sevemaput fields corresponding
to visited ports. A length of a berthing periodeaich visited port in the
original voyage schedule is input into each of imgut fields. A length of
a berthing period is referred to as a "berthingetirmangth” hereinafter. A
berthing time length in an input field in the fiftme is changed
inter-connectedly with a starting time and an emgdime of a berthing
period in input fields in the fourth line with reghto each visited port.
Namely, when the user changes a starting time loérahing period at a
visited port or an ending time of the berthing pelrin an input field
corresponding to the visited port in the fourthdjra berthing time length
in an input field corresponding to the visited paortthe fifth line is
changed automatically so that consistency betwaerberthing time
length and the berthing period is maintained. Samil, when the user
changes a berthing time length at a visited poranninput field in the
fifth line, an ending time of a berthing periodan input field
corresponding to the visited port in the fourthdiis changed
automatically so that consistency between the begthime length and
the berthing period is maintained. However, whea tiser inputs a
berthing time length longer than a time length framstarting time of a
berthing period to an ending time of a berth windewh regard to a
visited port, a starting time of the berthing perie also changed in
addition to an ending time of the berthing periadtsat the berthing
period does not go beyond the berth window.

It is not allowed for a berthing period go beyond a berth window
with regard to each port. Accordingly, when a us#shes to change a
berthing period beyond a berth window at a visipadt, he/she needs to
change the berth window before he/she changes¢hthimg period.
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When a user changes a starting time of a berth exwntb a timing later
than a starting time of a berthing period, or wlike user changes an
ending time of the berth window to a timing lateah an ending time of
the berthing period, the berthing period is autacety shifted so that a
length of the berthing period is maintained and Ibleething period falls
within the berth window.

Fig. 6 illustrates an exemplary image oéa”A02 of the voyage
management screen image. The first line of area é@#ains display
fields where names of ports on the sailing rout displayed in the same
way as the second line of area AO1.

The second line of area A02 contains digdialds corresponding to
sectional sailing routes, and a sailing distancea abrresponding
sectional sailing route is displayed in each of theplay fields. Each
sailing distance displayed in each of the displi@yds is automatically
set based on the distance data sets corresponditigetnames of ports.

Third and fourth line of area A02 contaimgput fields for drafts and
trims of ship 9 corresponding to the sectionalisgilroutes. A user such
as a ship operation manager estimates a draft andheof ship 9 in each
of the sectional sailing routes based on, for exl@na total weight of
loaded cargos, etc., and inputs the estimated @radttrim to input fields
corresponding to the sectional sailing route.

The fifth line of area A02 contains arrosisowing maritime weather
conditions in which ship 9 sails with regard to kad the sectional
sailing routes. More concretely, three arrows aspkhyed with regard to
each sectional sailing route, and they show coondgiof wind, wave, and
tide respectively. A direction of a left arrow shew direction of wind,
and a length of the left arrow shows a speed ofdwikdirection of a
middle arrow shows a direction of wave, and a léngftthe middle arrow
shows a height of wave. A direction of a right avrehows a direction of
tide, and a length of the right arrow shows a speftde. In area A02, a
sailing direction of ship 9 is assumed to be tlghtidirection, and
directions of the arrows show directions of windawe, and tide relative
to the sailing direction of ship 9.

Maritime weather conditions shown by arromghe fifth line of area
A02 are indicated by maritime weather data set$ viogage management
server device 11 acquires from maritime weatheadhstribution server
device 13, and a user cannot input or edit the timaei weather
conditions shown in area A02.

The sixth to the eighth lines of area AGhtain the same types of
objects as contained in the third to the fifth knef area AO1 respectively.
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The objects in the sixth to the eighth lines ofaafd?2 display berth
windows, berthing periods and lengths of berthirgipd of a current
voyage schedule, and a user can edit them by usieeobbjects.

[0054] The ninth line of area A02 contains dispfaslds for displaying time
differences between timings of a current voyageesicite and timings of
an original voyage schedule, i.e. a time differebe¢ween departure
times from each port in a current voyage schedualeé ia an original
voyage schedule, and a time difference betweewalrtimes at each port
in the current voyage schedule and in the origuvmtage schedule. The
time differences displayed in the display fieldstive ninth line of area
A02 are automatically calculated based on departumes and arrival
times in the original voyage schedule shown infitnerth line of area
AO01 and departure times and arrival times in therent voyage schedule
shown in the seventh line of area A02.

[0055] Fig. 7 illustrates an exemplary image oéa”A03 of the voyage
management screen image. Types of objects and gegraents of the
objects in area A0O3 are the same as those of thectdin area A02
except that "delete port" button and "add port"tbat which are not
located in area A02, are located at the right ehthe first line of area
A03. Functions of the objects other than "deletet’pbutton and "add
port" button in area A03 are the same as thoséefobjects in area A02.
In area A03, starting times and ending times oftlvevindows, starting
times and ending times of berthing periods, andjtka of berthing
periods may be "locked." If a starting time of ativewindow or a
berthing period, an ending time of a berth windomadberthing period,
or a length of a berthing period is locked, thecked" information is not
automatically changed when an automatic changetfancwhose details
are explained later, is executed in response thhck operation made to
"automatic change" button in area AO1l. For examplleen a user
right-clicks on an input field in area AO3 corresyuldng to any item of
the above-mentioned information, a pop-up menuispldyed for
selection of "lock" button or "unlock" button. Aftéhe user clicks on
"lock” button in the pop-up menu, the informatioorcesponding to the
input field is not changed when the automatic chafighction is
executed, and after the user clicks on "unlock'tbutin the pop-up menu,
the information corresponding to the input field ynae changed when
the automatic change function is executed. Eacthefinput fields is
displayed in different types of appearance wheis ilbcked and unlocked
such that a line of the input field is displayedardifferent color.

[0056] For example, when it is allowed for an a&alitime at a destination
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port of a voyage to be delayed by up to 12 houosnflan arrival time at
the destination port of the voyage in an originayage schedule, a user
such as a ship operation manager may change amghmidgne of a berth
window of the destination port in the sixth line afea A0O3 to a timing
that is 12 hours later than the arrival time at tlestination port in the
original voyage schedule, and lock the changedvaltime. Then, if the
user clicks on "automatic change" button, the awtbbenchange function
is executed and information on a modified voyageeshule is
automatically set in area A03 so that the lockefdimation, i.e. the
arrival time at the destination after the changenaot changed. As a result,
a modified voyage schedule that is made under alitimm that its arrival
time at the destination port must be earlier th@rhburs later than the
arrival time at the destination port in the origivayage schedule is
presented to the user.

"Delete port" button is used for deletingiaited port on a sailing
route in a modified voyage schedule. A user careehany port other
than the departure port and the destination pamfports on a sailing
route by selecting a name of the port in the flnsé by clicking a display
field of the name and clicking "delete port" button

For example, it is assumed that the foyrtit is port "D" on a sailing
route when a departure port is the first port, podt "D" is deleted from
ports on the sailing route. In this case, the fifitrt and the sixth port
become the fourth port and the fifth port respeelyvon a sailing route in
a modified voyage schedule. Namely, objects reldatedort "D"
disappear from area A03, and objects related ta Hor and port "A" (as
a destination port) move to positions of objectlated to the fourth port
and the fifth port respectively. At the same timaedistance between the
third port (port "C") and the fourth port (port "Els updated based on
the distance data sets. Moreover, arrows indicatagitime weather
conditions, i.e. conditions of wind, wave and tigesresponding to a
sectional sailing route from the third port to tloairth port are updated
based on maritime weather data sets newly acquned maritime
weather data distribution server device 13. Witham to a draft and a
trim, a draft and a trim corresponding to a secaiosailing route from the
third port (port "C") to the fourth port (port "D'hefore port "D" is
deleted are set as a draft and a trim corresponttirgnew sailing route
from the third port (port "C") to the fourth porpdgrt "E") after port "D"
is deleted.

"Add port" button is used for adding a port a sailing route in a
modified voyage schedule. A user can add a poroiee&ny port on a
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sailing route other than the departure port by ciiéthgy a name of a port in
the first line by clicking a display field of theame and clicking "add
port" button.

For example, it is assumed that a usercielthe fourth port, i.e. port
"D," and clicks "add port" button. In this case,jedis related to ports
"D," "E" and "A" (as the destination port) in ar&83 move to the right,
and objects related to the added port appear aptiséions of objects
related to the fourth port. Among the newly adddgeats, a display field
in the first line is editable by a user just aftee new port is added to the
sailing route. It is assumed that a user inputs tXthe display field as a
name of the added port. In response to the inpuhefname of the added
port, a distance from the third port (port "C")ttee fourth port (port "X")
and a distance from the fourth port (port "X") teetfifth port (port "D")
are updated based on the distance data sets. Mereawows indicating
maritime weather conditions, i.e. conditions of @jrwave, and tide,
corresponding to a sectional sailing route from tinied port to the fourth
port and a sectional sailing route from the fouptirt to the fifth port are
updated based on maritime weather data sets nevgyieed from
maritime weather data distribution server device Wath regard to a
draft and a trim, a draft and a trim correspondio@ sectional sailing
route from the third port (port "C") to the fourgort (port "D") before
port "X" is added are set as a draft and a trintegponding to a new
sectional sailing route from the third port (po€") to the fourth port
(port "X™) and a new sectional sailing route frohetfourth port (port
"X") to the fifth port (port "D") after port "X" isadded.

Just after a new port is added on a saitiowgte, input fields of a
starting time and an ending time of a berth windavstarting time and an
ending time of a berthing period and a length of berthing period
related to the added port are blank. Accordingfiema user adds a port
on a sailing route, he/she is required to inputadatthese input fields to
complete a modified voyage schedule.

Moreover, a user can change an order ofspon a sailing route by
dragging in a horizontal direction any display tledf a name of a port
other than the departure port and the destinatimm jim the first line of
area A03. When an order of ports on a sailing rastehanged, data
related to sectional sailing routes affected by ¢hange of the order of
ports are updated in a similar way to the case wlaeport is deleted from
or added to a sailing route.

Fig. 8 illustrates an exemplary image oéa”A04 of the voyage
management screen image. The first line of area édtains display
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fields where actual starting times and actual egdimes of berthing
periods, i.e. times when ship 9 actually departeinf ports and times
when ship 9 actually arrived at ports, during tloyage are displayed.
The second line of area A04 contains display fieddere actual fuel
consumption by ship 9 on each sectional sailingealuring the voyage
is displayed. Data sets displayed in these disfikelgs are automatically
updated based on results data sets that voyagegearent server device
11 receives from shipboard terminal device 12, ander cannot edit the
data sets. Before ship 9 arrives at a port, a dispield of a starting time
of a berthing period in the first line corresponglito the port is kept
blank. Before ship 9 departs from a port, a disdiald of an ending time
of a berthing period in the first line corresponglito the port is kept
blank. Before ship 9 starts to sail on a sectiagslling route, a display
field of fuel consumption in the second line copending to the
sectional sailing route is kept blank. While ships%ailing on a sectional
sailing route, actual fuel consumption by ship @ $ailing from the
starting location of the sectional sailing routeth@ current location of
ship 9 is displayed.

The third line of area A04 contains bargmna and numbers indicating
differences between fuel consumption by ship 9 akena voyage in
accordance with a current voyage schedule anddaesumption by ship
9 to make a voyage in accordance with a modifiegage schedule with
regard to each sectional sailing route and an ergailing route. Data
sets indicated by objects displayed in the thirelof area A04 are
automatically calculated by voyage management gedegice 11 based
on data sets displayed in area A02 and area AO08,aamser cannot edit
the data sets.

A user can set data sets related to animaigvoyage schedule by
making input operations to objects in the secome lio the fifth line of
area AO1. After a user sets data sets related toriganal voyage
schedule in area AO1, he/she can copy data sedseceto the original
voyage schedule as data sets related to a curmereige schedule by
clicking "original to current” button in area AOThe copied data sets are
reflected to objects in area A02.

A user can copy data sets related to aentrvoyage schedule
indicated by objects in area A02 as data sets edlad a modified voyage
schedule by clicking "current to modified" buttom area AOL1. The
copied data sets are reflected to objects in af@a As a result, data sets
related to a modified voyage schedule are initiedizAfter the
initialization, the user can edit the modified vggaschedule by making
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input operations to objects in area A03.

When a user edits a modified voyage schedné/she can check a
difference between fuel consumption required fatogage in accordance
with a current voyage schedule and fuel consumptexuired for a
voyage in accordance with a modified voyage schedius$played in the
third line of area A04. Accordingly, a user canmpla modified voyage
schedule considering costs of a voyage. Moreovéerwa user edits a
modified voyage schedule, he/she can check a diffee between a
departure time from a port in an original voyagéedule and a departure
time from the port in the modified voyage schedwdred a difference
between an arrival time at the port in the origimalage schedule and an
arrival time at the port in the modified voyage sdhle displayed in the
eighth line of area A03. Accordingly, a user caarmph modified voyage
schedule considering feasibility of changes inmdischedule of the
modified voyage schedule.

A user usually repeatedly makes input opieres to objects in area
A03 until a preferable modified voyage schedulele&ermined, and
copies data sets related to the preferable modWmthge schedule as
data sets related to a new current voyage schduuldicking "modified
to current” button in area A01. The copied data sat reflected to
objects in area A02. As a result, a current voyagleedule is modified.

When a user clicks "graph” button in are@lAa screen image
showing graphs as illustrated in Fig. 9 pops upcfeen image as
illustrated in Fig. 9 is referred to as a "grapegentation screen image"
hereinafter. In the graph presentation screen impgk/gonal line graphs
with regard to a current voyage schedule and a firetlvoyage schedule
that indicate cumulative fuel consumption when s8iarrives at each
port on a sailing route are displayed. At any timigen a user wishes to
refer to the graphs while he/she is making a medifvoyage schedule,
he/she can open the graph presentation screen image

Explanation of the voyage management scieege is now finished,
and explanation of various data stored in storagi¢ 110 of voyage
management server device 11 is described below.

Fig. 10A and Fig. 10B illustrate an exemplatructure of voyage
management data sets. Voyage management datarsessoaed in a table
of voyage information of each sectional sailing t®(Fig. 10A) and a
table of voyage information of each port (Fig. 10B) these tables, each
of data sets displayed in the voyage managememeescimage is stored
in its corresponding data field (column) of its oesponding data record
(line).
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Fig. 11 illustrates an exemplary structofea sailing route table. The
sailing route table contains plural sailing routga sets each indicating a
sailing route. Each sailing route data set contaimsame of a sailing
route that identifies a sailing route and a seaésames of ports that
indicate ports on the sailing route in the ordeb#&ovisited by ship 9 such
as "A-B-C-D-E-A" indicating the sailing route of yage "R."

Fig. 12 illustrates an exemplary structofea distance table. The
distance table contains plural distance data sath endicating a
distance between two ports. Each distance datandetates a
combination of two consecutive ports such as "A&®d a distance
between the ports.

Fig. 13 illustrates an exemplary structofea table of fuel
consumption rate for each sailing condition. Thiel¢éaof fuel
consumption rate for each sailing condition consaphural fuel
consumption rate data sets as data records. Eatlc@nsumption rate
data set contains data sets indicating variousssofrparameters that
affect a sailing condition such as a wind speedijrad direction, a wave
height, a wave direction, a tide speed, a tidedatiom, a draft and a trim.
Each fuel consumption rate data set further cormstaiata sets indicating a
sailing speed and a fuel consumption rate. Eachdarsumption rate
data set indicates a fuel consumption rate requioedhip 9 to sail at a
sailing speed in a sailing condition defined bycanbination of the
above-mentioned parameters such as a wind speed, et

Fuel consumption rate data sets are geandrhy, for example,
inputting various combinations of parameters, sasha wind direction
and a sailing speed, to a physical simulation madedhip 9 realized by a
computer, and recording fuel consumption rates oufpom the model
together with the input parameters. Since use pliysical simulation
model of a ship is a known technique, explanatibbthe model is
omitted in this specification.

Fig. 14 illustrates an exemplary structofea maritime weather data
set that is transmitted from maritime weather ddistribution server
device 13 in response to a transmission requesh froyage management
server device 11. A maritime weather data set nexkby voyage
management server device 11 is stored in the voyagmeagement data
sets as illustrated in Fig. 10A. As already exp&ina maritime weather
data set indicates parameters affecting a sailorgdttion such as a wind
speed, a wind direction, a wave height, etc., oedain time period
either in the past or in the future in a certaia sgeea. Maritime weather
data distribution server device 13 manages a dambaat stores
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maritime weather data sets with regard to varioosicinations of a time
period and a sea area. When maritime weather dataltution server
device 13 receives a transmission request thacatds a certain time
period and a certain sea area from voyage manageseever device 11,
it transmits a maritime weather data set correspogmtio a combination
of the certain time period and the certain sea amdecated by the
transmission request to voyage management serweceldl.

Fig. 15 illustrates an exemplary structoferesult data sets that are
transmitted from shipboard terminal device 12 tyage management
server device 11 and stored in the voyage managedsa sets as
illustrated in Fig. 10A and Fig. 10B. The resultaaets contain data sets
each indicating a draft and a trim when ship 9séaila sectional sailing
route (Fig. 15(a)), which are transmitted from doprd terminal device
12 to voyage management server device 11 befone $leparts from
each port. The result data sets also contain detsaesach indicating a
departure time of ship 9 from a port (Fig. 15(byhich are transmitted
from shipboard terminal device 12 to voyage managenserver device
11 when ship 9 departs from each port. The resala dets also contain
data sets each indicating accumulative fuel congwmnphat is required
for ship 9 to sail from a departure port to a catrposition of ship 9 and
an accumulative sailing distance from a locatiorttad departure port to
a current location of ship 9 (Fig. 15(c)), whichedransmitted from
shipboard terminal device 12 to voyage managementes device 11 at
unit time intervals during the voyage. The resudtalsets further contain
data sets each indicating an arrival time of shigt @ port (Fig. 15(d)),
which are transmitted from shipboard terminal devi@ to voyage
management server device 11 when ship 9 arrivesal port.

The data sets indicating drafts and trilegy( 15(a)) are, for example,
data sets that a user of shipboard terminal det®Rsuch as a ship's
navigator specifies by checking draft gauges lodata bow and a stem
of ship 9 when, for example, cargo handling openasi are completed at
each port and inputs to shipboard terminal devize\WWhen a user inputs
a data set indicating a draft and a trim at a plefshe also inputs a name
of the port and a name of a subsequent port orlengaoute to
shipboard terminal device 12 as data indicating@etisnal sailing route
such as "A-B," meaning a sectional sailing routenrirport "A" to port
"B," on which ship 9 sails with the draft and thent input by the user.

The data sets indicating departure timeag.(E5(b)) are, for example,
data sets that a user of shipboard terminal detksuch as a ship's
navigator inputs to shipboard terminal device 12wlship 9 departs
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from each port. When a user inputs a departure timéshe also inputs a
name of a port from which ship 9 departs such asri®aning port "A."

The data sets indicating fuel consumptiand sailing distances (Fig.
15(c)) are, for example, data sets automaticallyegated and input to
shipboard terminal device 12 by sensors on shign@, indicate
accumulative fuel consumptions and accumulativéirsgidistances
measured by the sensors at unit time intervals @$ as timings when the
measurements are performed.

The data sets indicating arrival times (Fl&(d)) are, for example,
data sets that a user of shipboard terminal detisuch as a ship's
navigator inputs to shipboard terminal device 12ewlship 9 arrives at
each port. When a user inputs an arrival time, Ine/@lso inputs a name
of a port at which ship 9 arrives such as "B" maanport "B."

Explanation of various data stored in sgeainit 110 is now finished,
and explanation of functional components of voyaggnagement server
device 11 is continued below referring to Fig. 3.

Voyage management server device 11 comprias a functional
component, acquisition unit 111 that acquires redata sets transmitted
from shipboard terminal device 12, maritime weattata sets
transmitted from maritime weather data distributsmrver device 13, and
data sets (referred to as "modification instructdata sets" hereinafter)
input by a user of voyage management server del/icky making input
operations to objects in the voyage managementsciaage.
Acquisition unit 111 instructs storage unit 110store the acquired data
sets as voyage management data sets. Moreoverisato unit 111
reads out data sets stored in the table of fuesaomption rates for each
sailing condition and data sets contained in thgage management data
sets (including data sets modified by modifyingtulil5, which is
explained later) from storage unit 110.

Voyage management server device 11 compriae a functional
component, calculation unit 112 that calculated ftansumption
required for ship 9 to sail for each of the sectibsailing routes and an
entire sailing route in each case where ship 9ssailaccordance with a
current voyage schedule and a modified voyage stleellased on
various data sets acquired by acquisition unit 111.

Calculation unit 112 comprises speed catoin unit 1121 that
calculates a sailing speed at which ship 9 saileach of the remaining
sectional sailing routes, sectional fuel consummptéalculation unit 1122
that calculates fuel consumption required for s@if sail on each of the
sectional sailing routes, total fuel consumptiohcadation unit 1123 that
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calculates fuel consumption required for ship $#&dl on the entire
sailing route of the voyage, and comparing unit4diRat compares fuel
consumption in a current voyage schedule and foesamption in a
modified voyage schedule, or fuel consumption icheaf different
modified voyage schedules.

Speed calculation unit 1121 calculates hwegard to each of sectional
sailing routes that have not been sailed by shyet a sailing speed at
which ship 9 sails on the sectional sailing rouyedividing a sailing
distance of the sectional sailing route indicatgdabdata set stored in the
table of voyage information of each sectional sgjlroute (Fig. 10A) by
a length of a sailing time on the sectional sailrogte. A length of a
sailing time of a sectional sailing route is detered as a time length
between an ending time of a berthing period of & jab a starting
location of the sailing route indicated by a da¢a stored in the table of
voyage information of each port (Fig. 10B) (or ar@nt time with regard
to a sectional sailing route on which ship 9 isreamtly sailing) and a
starting time of a berthing period of a subsequ®ort indicated by a data
set stored in the table of voyage information offe@ort (Fig. 10B).

Sectional fuel consumption calculation ubii2?2 specifies, with
regard to each of sectional sailing routes on wlshlp 9 is currently
sailing or ship 9 has not sailed yet, a fuel conption rate corresponding
to a combination of parameters of maritime weatb@nditions such as a
wind speed, a wind direction, etc., a draft, a trand a sailing speed
indicated by a voyage management data set storélgeinable of voyage
information of each sectional sailing route (Fig.A) based on the fuel
consumption rate data sets (Fig. 13). Next, seatidnel consumption
calculation unit 1122 calculates a remaining sajlthstance of a
sectional sailing route that ship 9 is currentlylisg, i.e. a distance
between a current location of ship 9 and a locabba destination port
of the sectional sailing route, and calculates fumhsumption required
for ship 9 to sail the remaining distance of thetsmnal sailing route by
multiplying the specified fuel consumption rate tine calculated
remaining sailing distance. Moreover, sectionall fuc@nsumption
calculation unit 1122 calculates, with regard teleaf sectional sailing
routes on which ship 9 has not sailed yet, fuelstonption required for
ship 9 to sail on the sectional sailing route byltaplying the specified
fuel consumption rate by a sailing distance of slkeetional sailing route
indicated by a voyage management data set storélgeinable of voyage
information of each sectional sailing route (Fi@A). Fuel consumption
calculated by sectional fuel consumption calculatumit 1122 is referred
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to as "sectional fuel consumption” hereinafter.

Total fuel consumption calculation unit Bl2alculates fuel
consumption required for ship 9 to sail a remainghgtance of the
voyage by summing fuel consumption calculated bgtismal fuel
consumption calculation unit 1122 with regard teatfeaf sectional
sailing routes on which ship 9 is currently sailiogship 9 has not sailed
yet. Then, total fuel consumption calculation ubl23 calculates total
fuel consumption required for ship 9 to sail on drdire sailing route by
adding the calculated fuel consumption requireddiip 9 to sail the
remaining distance of the voyage to fuel consumptimat has already
been used by ship 9 in the voyage. Fuel consumpghah has already
been used by ship 9, i.e. fuel consumption usedshop 9 to sail from a
location of the departure port to a current locat{a reference location)
of ship 9, is referred to as "actual fuel consuraptto a reference
location" hereinafter.

Comparing unit 1124 calculates, with regéowdeach sectional sailing
route, a change of fuel consumption when ship ®daiaccordance with
a modified voyage schedule instead of the origh@lage schedule by
subtracting fuel consumption when ship 9 sailséo@adance with an
original voyage schedule calculated by sectional monsumption
calculation unit 1122 from fuel consumption whenpsB sails in
accordance with a modified voyage schedule caleddty sectional fuel
consumption calculation unit 1122. Moreover, compgrunit 1124
calculates a change of total fuel consumption whleip 9 sails in
accordance with a modified voyage schedule instdfatthe original
voyage schedule by subtracting total fuel consuompivhen ship 9 sails
in accordance with an original voyage schedule ulalied by total fuel
consumption calculation unit 1123 from fuel consump when ship 9
sails in accordance with a modified voyage schedaleulated by total
fuel consumption calculation unit 1123. These chenm fuel
consumption calculated by comparing unit 1124 drevs in the third
line of area AO4 (Fig. 8) of the voyage managensareen image.

Moreover, voyage management server devicedmprises, as a
functional component, data generating unit 113 therterates data sets
indicating various sorts of values calculated bica&ation unit 112. Data
generating unit 113 generates, for example, datsisstructing a display
device to display a voyage management screen inflaige 4) or a graph
presentation screen image (Fig. 9) by use of vabssulated by
calculation unit 112. A format of a data set genedaby data generating
unit 113 may be, for example, an image data forarat/or a text data
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format such as an HTML data format.

Moreover, voyage management server devicedmprises, as a
functional component, output unit 114 that outpdéta sets generated by
data generating unit 113 to an external device.pQuunit 114 may
output an image data set to a display device coteteto voyage
management server device 11. Alternatively, outynit 114 may output
a text data set indicating a text described in akmp language such as
HTML to a Web browser application executed in vogaganagement
server device 11. In this case, the Web browsetiepipon interprets the
text data set to generate an image data set, andrtge data set is
output to a display device connected to voyage rganeent server
device 11. Then, a user of voyage management selerdce 11 such as a
ship operation manager can check information intideby the data sets
output to the display device.

Output unit 114 may also output data sedeayated by data generating
unit 113 to shipboard terminal device 12 via commeation I/F 103 and
communication satellite 8. In this case, the datis ®utput by output unit
114 are received by shipboard terminal device 12, @onverted by a
Web browser application executed in shipboard teahdevice 12 into
an image data set. The image data set is outpatdisplay device
connected to shipboard terminal device 12. Theaser of shipboard
terminal device 12 such as a ship's navigator deatk information
indicated by the data sets output to the displayicke

Moreover, voyage management server devicedmprises, as a
functional component, modifying unit 115 that mad#& voyage
management data sets stored in storage unit 11@nVeh input operation
iIs made by a user to an object in the voyage mamagé screen image
for changing a value shown in the image, acquisitimit 111 acquires a
modification instruction data set indicating theaalge of the value, and
modifying unit 115 updates a voyage management datan accordance
with the modification instruction data set. Moreoyehen acquisition
unit 111 acquires a maritime weather data set (E8).from maritime
weather data distribution server device 13 or alltedata set (Fig. 15)
from shipboard terminal device 12, modifying unitS5lupdates a voyage
management data set using the acquired data set.

Acquisition unit 111 may acquire a maritimeather data set from
maritime weather data distribution server deviceeh8h time a user
makes an input operation to an object in the voyag@agement screen
image for changing a time schedule of a modifiegage schedule, as
well as at predetermined time intervals such age®® minutes.
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When modifying unit 115 updates a voyagenagement data set in
accordance with a modification instruction data eeby use of a
maritime weather data set or a result data setutation unit 112
recalculates fuel consumption with regard to eaetti®nal sailing route
and the entire sailing route for each case whep 8Shsails in accordance
with a current voyage schedule and when ship Sdailaccordance with
a modified voyage schedule based on the updatedg®mynanagement
data set. Then, data generating unit 113 genemtista set indicating an
updated version of the voyage management screegamaan updated
version of the graph presentation screen imageaariguts the data set to
a display device. As a result, contents of the \ggyamanagement screen
image or the graph presentation screen image adatep.

When the automatic change function is exedumodifying unit 115
generates various tentative modified voyage scheslulith different
combinations of berthing periods by, for examplepeatedly selecting a
berthing period from among berthing periods in areat voyage
schedule in accordance with a predetermined rutesmfting a starting
time or an ending time of the selected berthinggekby a time length
determined in accordance with a predetermined unléer conditions that
no berthing period goes beyond its correspondinghb@indow and no
starting time or ending time that is locked by &wuss shifted. Modifying
unit 115 generates voyage management data setsafidr of the tentative
modified voyage schedules, and instructs storage 10 to store them.

When the automatic change function is exeduacquisition unit 111
acquires, with regard to each of the tentative rfiedivoyage schedules
generated by modifying unit 115, maritime weathatadsets
corresponding to combinations of time periods aed areas indicated by
voyage management data sets for the tentative vogabedule from
maritime weather data distribution server device W®difying unit 115
updates the voyage management data sets for thaties voyage
schedule by use of the acquired maritime weathé¢a dats.

When the automatic change function is exeducalculation unit 112
calculates total fuel consumption, with regard &zl of the tentative
modified voyage schedules generated by modifying Lh5, based on
voyage management data sets corresponding to thatiee modified
voyage schedule. Comparing unit 1124 of calculatioit 112 compares
total fuel consumption calculated by total fuel samption calculation
unit 1123 with regard to each of the tentative niedi voyage schedules
to specify the least total fuel consumption.

Modifying unit 115 updates the original \age management data sets
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so that contents of the voyage management datacsetssponding to the
tentative modified voyage schedule that resultshie least total fuel
consumption are reflected to the original voyagenagement data sets.
As a result, a combination of berthing periods tb@éms preferable from
the viewpoint of reduction of total fuel consumptics displayed as a
time schedule of a modified voyage schedule in #@a of the voyage
management screen image.

As explained above, according to berthinge determination support
system 1, a user such as a ship operation manageslap's navigator
can easily know how much fuel consumption changbhsmwa current
voyage schedule is modified by making input operasito objects in the
voyage management screen image, such as an opetatarag a left end
or a right end of a slide bar in the seventh limaea A03, at any time
either before or after ship 9 starts a voyage inclwlship 9 visits several
ports. In the ninth line of area A03 of the voyaganagement screen
image, a time difference between an arrival timea g@bort, i.e. a starting
time of a berthing period of the port, in an origirvoyage schedule and
an arrival time at the port in a modified voyagéedule, or a time
difference between a departure time from a poet, an ending time of a
berthing period of the port, in an original voyagehedule and a
departure time from the port in a modified voyagéedule is
automatically displayed. As a result, a user casilggudge whether the
time schedule in the modified voyage schedule i=eatable.

Moreover, when the automatic change functi® executed, a
combination of berthing periods that is preferatrlem the viewpoint of
reduction of total fuel consumption is automatiggbresented to a user.
A user can lock any starting time or ending timeadferthing period or a
berth window in a modified voyage schedule so theked time should
not be automatically changed when the automatiangkdunction is
executed.

Namely, according to berthing-time deteration support system 1, a
user can specify a preferable combination of beghtimes in a voyage
schedule from the viewpoint of reduction of totakf consumption under
various conditions.

[Modifications]

The above described embodiment may be varioudgifred within a
scope of the technical idea of the present invantt®ome modifications
of the embodiment are explained below as examples.

(1) In the above explained embodiment, fa@hsumption rate data sets
are generated by a physical simulation model op $hiA method of
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generating fuel consumption rate data sets is imoitéd to the method
using a physical simulation model. For example | ftnsumption rate
data sets may be generated by statistical anabfsasrelationship
between parameters of sailing conditions and fuslstmption rates by
use of parameters and fuel consumption measureicthglwvoyages that
ship 9 actually made in the past. Alternatively; &xample, fuel
consumption rate data sets may be generated byfgodidata sets
generated by a physical simulation model of shipa8ed on results of
statistical analysis using parameters and fuel aongion measured
during voyages that ship 9 actually made in thetpas

(2) In the above explained embodiment, faehsumption rate data sets
are stored in the table in the format shown in Rig. A format of fuel
consumption rate data sets is not limited to thenfat shown in Fig. 13,
and any type of data set indicating a relationdiepween parameters of
sailing conditions including a sailing speed andlfaonsumption rates
may be used. For example, a data set indicatingnatfon for
representing a fuel consumption rate having paransesuch as a wind
speed, a sailing speed, etc., as variables maysbd as a fuel
consumption rate data set in the present invention.

(3) In the above explained embodiment, eatfuel consumption rate
data sets (Fig. 13) and maritime weather data §&ts 14) indicates a
wind speed, a wind direction, a wave height, escparameters of
maritime weather conditions. Any other sort of paeder of maritime
weather condition such as a wave period may be use¢lde present
invention. Moreover, any sort of parameter thatslaet relate to
maritime weather but affects fuel consumption retehip 9, such as a
degree of ship hull fouling and a degree of progefbuling, may be used
in the present invention. Moreover, parameters afiibme weather
conditions may not be used in the present inventiWhen any parameter
of a maritime weather condition is not used, barthtime determination
support system 1 may not comprise maritime weattaga distribution
server device 13.

(4) In the above explained embodiment, aiseal sailing route, for
which a length of sailing time, a sailing distaneesailing speed,
sectional fuel consumption, etc. are specifiedjaesined as a sailing
route from a port to its subsequent port on a sgilioute. Alternatively, a
sailing route from a port to its subsequent portyrba divided into plural
sectional sailing routes, for each of which a léngf sailing time, a
sailing distance, a sailing speed, sectional fulsumption, etc. may be
specified. In this case, for example, parametermafitime weather
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conditions are specified with regard to each sewl®sailing route that is
shorter than a sectional sailing route in the abexglained embodiment.
Accordingly, fuel consumption in a voyage can bé¢edmined with a
higher accuracy in this case than in the case efatfiove explained
embodiment.

(5) In the present invention, either a speedr the ground or a speed
through the water may be used as a sailing speethd present invention,
either fuel consumption per unit sailing distant@n{mile) or fuel
consumption per unit time length (ton/day) may lsed as fuel
consumption rate.

(6) In the above explained embodiment, fa@hsumption rate data sets,
sailing route data sets and distance data setstared in storage unit 110
of voyage management server device 11 in advanlter#atively,
acquisition unit 111 of voyage management serveiaell may acquire
these data sets from a storage device that is ciaddo voyage
management server device 11 directly or via a nektveach time they are
used.

(7) In the above explained embodiment, vayaganagement server
device 11 and shipboard terminal device 12 are igoméd as different
devices from one another. Alternatively, voyage aggment server
device 11 and shipboard terminal device 12 mayritegrated and
realized by a single device located, for examplesbip 9. In this case,
data processing of voyage management server dddiée executed on
ship 9. In the above explained embodiment, maritimeather data
distribution server device 13 is configured as aide different from
voyage management server device 11. Alternativelyritime weather
data distribution server device 13 and voyage mansnt server device
11 may be integrated and realized by a single devic

(8) In the above explained embodiment, arent location of ship 9
during a voyage may be specified based on an actatedisailing
distance indicated by a result data set and amgadistance of each
sectional sailing route indicated by voyage manageindata sets. Any
other method of specifying a current location oips@ may be used in the
present invention. For example, if ship 9 has a @Re®ice, shipboard
terminal device 12 may transmit a data set indiogid combination of a
latitude and a longitude of a current position bifps9 measured by the
GPS device to voyage management server device Alrasult data set,
and voyage management server device 11 may spdoifgxample, a
remaining sailing distance based on the data ssived from shipboard
terminal device 12. For the purpose of calculatingl consumption, it is
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sufficient that a remaining sailing distance is gfied, and it is not
necessary for a current location of ship 9 to becsfped. Accordingly,
shipboard terminal device 12 may calculate a remmagirsailing distance
of, for example, a sectional sailing route on whsitip 9 is currently
sailing, and transmit a data set indicating thecgkdted remaining sailing
distance to voyage management server device lgadsof a data set
indicating a current location of ship 9. Alternatly, a user of shipboard
terminal device 12 such as a ship's navigator mapually input a
remaining sailing distance of, for example, a s&c#l sailing route on
which ship 9 is currently sailing, and shipboardmneal device 12 may
transmit a data set indicating the remaining sgilifistance to voyage
management server device 11.

(9) In the above explained embodiment, va/d8" is a return voyage in
which a departure port and a destination port Aeesame port, i.e. port
"A." A type of voyage is not limited to a return yage, and any type of
voyage may be handled by berthing-time determimatopport system 1.
(10) In the above explained embodiment, ehliag period at a port
includes a time period used for ship handling & plort. Alternatively, a
time period used for ship handling in a port mayibheuded in a sailing
period, or it may be distributed between sailingipe and a berthing
period at a certain ratio.

(11) In the above explained embodiment, whes automatic change
function is executed, a combination of berthingipds that results in the
least total fuel consumption is presented as a Soteedule of a modified
voyage schedule. Any rule may be used for selecéipgeferable
combination of berthing periods in the automati@arcge function.
Namely, any objective function and any constraionhdition may be used
for selecting a preferable combination of berthpgyiods in the
automatic change function. For example, a comboratf berthing
periods that results in the earliest arrival tinteghee destination port
under a condition that it causes total fuel constiarpthat is equal to or
less than a threshold value designated by a usgrbaaselected as a
preferable combination of berthing periods to bedusor a modified
voyage schedule.

(12) In the above explained embodiment, eatlioyage management
server device 11, shipboard terminal device 12 magditime weather data
distribution server device 13 is realized by a gah@urpose computer
that executes data processing in accordance withpg@hcation program
for the device. Alternatively, any of voyage managt server device 11,
shipboard terminal device 12 and maritime weathatadlistribution
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server device 13 may be configured as a so-calbetichted device.

The present invention may be implementedanious forms such as a
device like voyage management server device 1Irpgram causing a
computer to function as a device like voyage mamag# server device
11, a computer-readable recording medium continbosoring the
program, and a method of data processing execuyeal device like
voyage management server device 11.

DESCRIPTION OF REFERENCE NUMERALS

1...berthing-time determination support mst 8...communication
satellite, 9...ship, 10...computer, 11...voyage agament server device,
12...shipboard terminal device, 13...maritime weattlata distribution
server device, 101...CPU, 102...memory, 103...comoation I/F,
104...input-output I/F, 110...storage unit, 11lcgaisition unit,
112...calculation unit, 113...data generating uhit4...output unit,
115...modifying unit, 1121...speed calculation ydit22...sectional fuel
consumption calculation unit, 1123...total fuel samption calculation
unit, 1124...comparing unit.
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CLAIMS

A device for managing a schedule of a voyageeniay a ship
sailing on a sailing route from a departure portitdestination port,
the ship visiting one or more ports on a remainpagt of the sailing
route from a reference location to the destinafomnt, comprising:

an acquisition unit that acquires a voyage schedata set
indicating a schedule of the voyage containing femence time when
the ship is located at the reference location,aatstg time of a time
period during which the ship is docked at a bertleach of the one
or more ports, an ending time of the time period am arrival time
when the ship arrives at the destination port; alise data sets
indicating a distance between the reference locasind a subsequent
port and a distance between two ports with regardach set of two
consecutive ports on the remaining part of theisgitoute; and fuel
consumption rate data sets each indicating a foabamption rate
when the ship sails at a certain sailing speed,

a calculation unit that calculates a sailing spaewhich the ship
sails from the reference location to a subsequent @nd a sailing
speed at which the ship sails from a port to a eghgnt port with
regard to each set of two consecutive ports onrémeaining part of
the sailing route, and calculates fuel consumptiequired for the
ship to sail from the reference location to thetdestion port, based
on the voyage schedule data set, the distancesgd$aand the fuel
consumption rate data sets, and

an output unit that outputs a data set indicatimg fuel
consumption calculated by the calculation unit.

The device according to claim 1, wherein

the acquisition unit acquires the voyage schediala set as a
first voyage schedule data set,

the acquisition unit acquires a second voyagesdale data set
indicating a schedule of the voyage that is diffarFom the
schedule of the voyage indicated by the first voyaghedule data set
with regard to at least one of the starting timté® ending times and
the arrival time,

the calculation unit calculates the fuel consuimptas first fuel
consumption,

the calculation unit calculates a sailing speed/fich the ship
sails from the reference location to a subsequent @and a sailing
speed at which the ship sails from a port to a eghent port with
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regard to each set of two consecutive ports onréimeaining part of
the sailing route, and calculates fuel consumpti@gquired for the
ship to sail from the reference location to thetdestion port as
second fuel consumption, based on the second vogelgedule data
set, the distance data sets and the fuel consumpéi® data sets, and

the output unit outputs a data set indicating skeond fuel
consumption.

The device according to claim 2, wherein

the acquisition unit acquires an original voyatgda set
indicating an original schedule of the voyage comitag a starting
time of a time period during which the ship is dedkat a berth of
each of the one or more ports, an ending time efttme period and
an arrival time when the ship arrives at the desion port, and

the output unit outputs a data set indicatingféedence between
an original time and a modified time, the origirimhe being one of
the starting times, the ending times and the atrivae contained in
the schedule of the voyage indicated by the origutgyage schedule
data set, the modified time being a time contaimethe schedule of
the voyage indicated by the modified voyage schedldta set
corresponding to the original time.

The device according to claim 2 or 3, wherein

the acquisition unit acquires a third voyage shiie data set
indicating a schedule of the voyage that is diffdarerom the
schedule of the voyage indicated by the second geyschedule data
set with regard to at least one of the startingeSmthe ending times
and the arrival time,

the calculation unit calculates a sailing speed/fich the ship
sails from the reference location to a subsequent @and a sailing
speed at which the ship sails from a port to a eghgnt port with
regard to each set of two consecutive ports onréimeaining part of
the sailing route, and calculates fuel consumptiequired for the
ship to sail from the reference location to thetdesion port as third
fuel consumption, based on the third voyage schedalta set, the
distance data sets and the fuel consumption rat skts,

the calculation unit compares the second fuelscomption and
the third fuel consumption, and

the output unit outputs a data set indicatingsuit of the
comparison performed by the calculation unit.

The device according to any one of claims #tevherein

each of the fuel consumption rate data sets ateis a fuel
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consumption rate when the ship sails at a certaihngy speed under
a certain maritime weather condition that affeatslfconsumption,

the acquisition unit acquires maritime weathetadsets
indicating maritime weather conditions under whitle ship sails on
the remaining part of the sailing route, and

the calculation unit specifies the fuel consuroptrate data sets
each of which corresponds to a combination of éirsgispeed at
which the ship sails on a section of the remainpagt of the sailing
route calculated by the calculation unit and a miae weather
condition under which the ship sails on the secwwéthe remaining
part of the sailing route indicated by one of tharitime weather
data sets acquired by the acquisition unit, andwates the fuel
consumption required for the ship to sail from tleéerence location
to the destination port based on the specified dwglsumption rate
data sets.

The device according to any one of claims btovherein

the acquisition unit acquires an actual fuel aonption data set
indicating fuel consumption that is used for thepsto sail from the
departure port to the reference location, and

the calculation unit calculates total fuel conguiian required for
the ship to sail from the departure port to thetoedion port by
adding the fuel consumption indicated by the acfual consumption
data set to the fuel consumption required for thi 4o sail from the
reference location to the destination port calcedaby the
calculation unit.

The device according to any one of claims Btovherein

when the calculation unit calculates the fuel fomption
required for the ship to sail from the referencedbon to the
destination port, the calculation unit calculataslfconsumption
required for the ship to sail from the referencedbon to a
subsequent port and fuel consumption required lierghip to sail
from a port to a subsequent port with regard toheset of two
consecutive ports on the remaining part of theisgitoute as
sectional fuel consumption, and

the output unit outputs data sets indicating sbetional fuel
consumption.

A program for causing a computer to execute,ni@naging a
schedule of a voyage made by a ship sailing onilengaroute from a
departure port to a destination port, the shiptingi one or more
ports on a remaining part of the sailing route frameference
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location to the destination port,

acquiring a voyage schedule data set indicatisgledule of the
voyage containing a reference time when the shipgated at the
reference location, a starting time of a time pdrauring which the
ship is docked at a berth of each of the one orenpmrts, an ending
time of the time period and an arrival time whewr ghip arrives at
the destination port,

acquiring distance data sets indicating a dis¢éalnetween the
reference location and a subsequent port and amdstbetween two
ports with regard to each set of two consecutiveggon the
remaining part of the sailing route,

acquiring fuel consumption rate data sets eadhcating a fuel
consumption rate when the ship sails at a certaihng speed,

calculating a sailing speed at which the shigsskom the
reference location to a subsequent port and argp8peed at which
the ship sails from a port to a subsequent porhwétgard to each set
of two consecutive ports on the remaining parthof sailing route,
and calculating fuel consumption required for tin@psto sail from
the reference location to the destination port,eaasn the voyage
schedule data set, the distance data sets andighednsumption rate
data sets, and

outputting a data set indicating the calculatedl fconsumption.

A computer-readable recording medium contindygsoring a
program for causing a computer to execute, for ngamgaa schedule
of a voyage made by a ship sailing on a sailingeduom a departure
port to a destination port, the ship visiting orrenmore ports on a
remaining part of the sailing route from a referenacation to the
destination port,

acquiring a voyage schedule data set indicatisgltedule of the
voyage containing a reference time when the shipgated at the
reference location, a starting time of a time pdrauring which the
ship is docked at a berth of each of the one orenpmrts, an ending
time of the time period and an arrival time whewr ghip arrives at
the destination port,

acquiring distance data sets indicating a distanetween the
reference location and a subsequent port and amkstbetween two
ports with regard to each set of two consecutiveggon the
remaining part of the sailing route,

acquiring fuel consumption rate data sets eadhcating a fuel
consumption rate when the ship sails at a certaihng speed,
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calculating a sailing speed at which the shigssaiom the
reference location to a subsequent port and argp8peed at which
the ship sails from a port to a subsequent porhwétgard to each set
of two consecutive ports on the remaining parthof sailing route,
and calculating fuel consumption required for tin@psto sail from
the reference location to the destination port,egasn the voyage
schedule data set, the distance data sets andighednsumption rate
data sets, and

outputting a data set indicating the calculatedl fconsumption.

A method for managing a schedule of a voyageenby a ship
sailing on a sailing route from a departure portatdestination port,
the ship visiting one or more ports on a remainpagt of the sailing
route from a reference location to the destinafont, comprising:

a step for acquiring a voyage schedule datarsditating a
schedule of the voyage containing a reference twhen the ship is
located at the reference location, a starting toha time period
during which the ship is docked at a berth of eathhe one or more
ports, an ending time of the time period and anvatrtime when the
ship arrives at the destination port,

a step for acquiring distance data sets indigptirdistance
between the reference location and a subsequentamara distance
between two ports with regard to each set of twosaxutive ports on
the remaining part of the sailing route,

a step for acquiring fuel consumption rate dats £ach
indicating a fuel consumption rate when the shipssat a certain
sailing speed,

a step for calculating a sailing speed at whicé $hip sails from
the reference location to a subsequent port angilang speed at
which the ship sails from a port to a subsequent path regard to
each set of two consecutive ports on the remaimpiaid of the sailing
route, and calculating fuel consumption requiredttee ship to sail
from the reference location to the destination pbesed on the
voyage schedule data set, the distance data sdtshanfuel
consumption rate data sets, and

a step for outputting a data set indicating th&ulated fuel
consumption.



