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TECHNICAL FIELD
The present invention relates to a techaigu analyzing fuel consumption in

navigation of a ship.

BACKGROUND ART
Navigation of ships is affected by varidastors such as weather and

oceanographic phenomena. Therefore, ships calvayssail as planned. The
ships may sail a route deviated from a plannedeyaartmay accelerate or decelerate
temporarily (or be anchored by waiting offshorey¥hen the ships do not sail as
planned, a variation may occur in a fuel requir@daf single navigation. If a cause
of an increase or a decrease in an amount of redwmnption can be determined
when the amount of fuel consumption increases ore@ses from an estimated
amount, it may help in making the navigation plasubsequent navigation.

Patent Document 1 discloses, for the pumdsanalyzing, with respect to a
device such as a vehicle, a cause of a differeatseden fuel costs to be compared,
a technique for calculating a degree of influenfceanious factors on a fuel cost
incurred during a predetermined period in termexgfenditure, and also calculating,
by replacing a value of any one of the variousdiectiuring a comparative period, a
difference between fuel costs before and aftereptacement. In Patent
Document 1, the factors contributing to fuel castassumed to be a fuel

consumption rate, a unit cost of fuel, and a distesailed.

PRIOR ART DOCUMENT

PATENT DOCUMENT
Patent Document 1: JP2010-267184A (paragt@3d5, etc.)

SUMMARY OF THE INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION
Although the technique disclosed in pat@atument 1 allows the
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understanding of a degree of influence of eactofamt fuel cost during a
comparative period, it is impossible to understammause of fluctuation in fuel
consumption itself.

In contrast, it is an object of the present irti@nto allow the understanding of
a particular element in the factors contributea fluctuation in an amount of fuel

consumption.

MEANS FOR SOLVING THE PROBLEM
In the present invention, there is providedavigational analysis device

including: a first acquisition means that acquimasigation data indicative of both
an amount of fuel consumption in navigation of g $nd at least two elements
contributing to a variation in the amount of fuehsumption in the navigation; a
second acquisition means that acquires referertedrtiicative of a reference
amount of fuel consumption; a calculation means ¢hkulates, based on the
navigation data and the reference data, a flucnataused by at least one element
of the at least two elements, the fluctuation bématuded in a fluctuation in the
amount of fuel consumption indicated by the navagatiata with respect to the
reference amount of fuel consumption; and an outpmdns that outputs a
calculation made by the calculation means.

In the navigational analysis device acaogdio the present invention, the
reference data may include data indicative of ati@iship between the reference
amount of the fuel consumption and at least tweregfce elements that contribute
to a variation in the reference amount of fuel congtion; and the calculation
means may calculate, based on a difference bettheereference amount of fuel
consumption and an amount of fuel consumptionithabtained based on the
reference data by using the navigation data asua \od a first element of the at least
two elements, and by using the reference elemeatvatlie of a second element, a
fluctuation caused by the first element.

Also, in the navigational analysis device acaogdio the present invention, the
calculation means may calculate the fluctuatiomsing each of values of the at
least two elements as the first element.

Further, in the navigational analysis device adit to the present invention,



the reference data may include a plurality of sét$ata indicative of a relationship
between an actual measured value of an amouneb&@nsumption measured in
another navigation of the navigation and the atleso reference elements; and the
calculation means may determine the reference anuddnel consumption by

using a plurality of actual measured values of am®of fuel consumption included
in the reference data.

Further, in the navigational analysis device atdit to the present invention,
the calculation means may determine the referemmiat of fuel consumption
based on a result of a regression analysis, thressign analysis being performed by
using data that satisfies a specific weather cammd@among a plurality of sets of data
indicative of a relationship between an actual meagvalue of an amount of fuel
consumption included in the reference data anatheast two reference elements.

Further, in the navigational analysis device adit to the present invention,
the first acquisition means may acquire predictlata indicative of both a
predictive value of an amount of fuel consumptiomavigation of the ship and a
predictive value of the element; and the calcutatieans may calculate, based on
the prediction data and the reference data, auiicin caused by at least one
element of the at least two elements, the fluatualtieing included in a fluctuation
in the amount of fuel consumption indicated byphediction data with respect to
the reference amount of fuel consumption.

Further, in the navigational analysis device adit to the present invention,
the second acquisition means may acquire, as theenee data, prediction data
indicative of both a predictive value of an amooituel consumption in navigation
of the ship and a predictive value of the element.

Further, in the navigational analysis device adit to the present invention,
the element may be an element relating to at teasibf a distance sailed, a ship
speed, weather, and an oceanographic phenomenon.

[0008] Also, in the present invention, there isypded a navigational analysis method
including: a first step of acquiring navigation @atdicative of both an amount of
fuel consumption in navigation of a ship and astéao elements contributing to a

variation in the amount of fuel consumption in ttavigation; a second step of
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acquiring reference data indicative of a refereamo@unt of fuel consumption; a
third step of calculating, based on the navigatiata and the reference data, a
fluctuation caused by at least one element of tieast two elements, the
fluctuation being included in a fluctuation in tAmount of fuel consumption
indicated by the navigation data with respect orference amount of fuel
consumption; and a fourth step of outputting awlalton made in the third step.

Further, in the present invention, therprsvided a program for causing a
computer to execute: a first step of acquiring gation data indicative of both an
amount of fuel consumption in navigation of a sl at least two elements
contributing to a variation in the amount of fuehsumption in the navigation; a
second step of acquiring reference data indicativeereference amount of fuel
consumption; a third step of calculating, basedh@mnavigation data and the
reference data, a fluctuation caused by at leasetament of the at least two
elements, the fluctuation being included in a fhation in the amount of fuel
consumption indicated by the navigation data watpect to the reference amount
of fuel consumption; and a fourth step of outpgttencalculation made in the third
step.

Further, in the present invention, therprisvided a computer-readable
recording medium storing a program for causingrapmater to execute: a first step
of acquiring navigation data indicative of bothamount of fuel consumption in
navigation of a ship and at least two elementsridmritng to a variation in the
amount of fuel consumption in the navigation; aosecstep of acquiring reference
data indicative of a reference amount of fuel comstion; a third step of calculating,
based on the navigation data and the referencealfitectuation caused by at least
one element of the at least two elements, theuaiwin being included in a
fluctuation in the amount of fuel consumption iraded by the navigation data with
respect to the reference amount of fuel consumpéind a fourth step of outputting

a calculation made in the third step.

EFFECTS OF THE INVENTION
According to the present invention, it @spible to understand a particular

element in the factors contributes to a fluctuatroan amount of fuel consumption.
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BRIEF EXPLANATION OF THE DRAWINGS
[Fig. 1] A diagram showing an overall configtion of navigational analysis system

(10).

[Fig. 2] A block diagram showing a hardware coafafion of analysis device (500).
[Fig. 3] A block diagram showing a functional cmufration of control unit (510).
[Fig. 4] A flowchart showing a process performgdamalysis device (500).

[Fig. 5] A conceptual diagram showing a breakd@ian amount of fuel
consumption.

[Fig. 6] A diagram showing a method of calculatangeference amount of fuel
consumption.

[Fig. 7] A diagram explaining a method of calcurgta fluctuation in an amount of
fuel consumption caused by an average ship speed.

[Fig. 8] A diagram explaining a method of calcingta fluctuation in an amount of
fuel consumption caused by weather.

[Fig. 9] A diagram showing an example of an analysport.

[Fig. 10] A diagram showing an example of a methbdisplaying a breakdown of
fuel consumption elements.

[Fig. 11] A diagram showing an example of anotimethod of displaying a

breakdown of fuel consumption elements.

MODES FOR CARRYING OUT THE INVENTION
[Exemplary Embodiment]

Fig. 1 is a diagram showing an overall configunatof navigational analysis system
(10) according to an embodiment of the presentihea. Navigational analysis
system (10) is a system for analyzing informatioraa amount of fuel consumption
in navigation of a ship, and for informing a uséaaause of a fluctuation (an
increment or a decrement) in the amount of fuekoomption. Navigational
analysis system (10) includes communication de{@6@), network (200),
navigation information DB (database) (300), weathtarmation DB (400), and
analysis device (500).

Communication device (100) is a devicetfansmitting navigation information

of a ship. Communication device (100) may be ifesdan the ship, and may
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transmit navigation information acquired on thepshia satellite communications.
Alternatively, communication device (100) may acqunformation, on land after
navigation, from a recording medium in which navigia information that is
acquired on the ship is recorded, and may readrandmit the navigation
information.

The navigation information as used herefens to information on navigation
from a departure point to a destination. The ratiog information includes at
least data indicative of an amount of fuel consuompand data indicative of an
element contributing to a variation in the amourfuel consumption (hereinafter
referred to as a "fuel consumption element”). @&ample, the navigation
information includes data in which an arrival datel time at port, a departure date
and time at port, an average ship speed, a distalesl, an amount of fuel
consumption, etc. are recorded. The navigatiaorination may be data provided
directly from a measuring device that is installethe ship. Alternatively, a
person may input navigation information using goutrunit (a keyboard, etc.) by
reading a value indicated by the measuring deViaeis installed in the ship.

Network (200) is a communication network implementing communications
between devices. Network (200) consists of therirdt and a mobile
communication network. For example, when commuianalevice (100) is
installed in the ship, network (200) includes anwek for performing wireless
communications via a communication satellite (§&#etommunications).

Navigation information DB (300) is a databan which the navigation
information is recorded. Navigation information [P#E)0) is configured to
cumulatively record the navigation information ab&al from a plurality of ships to
be analyzed, and to retrieve the navigation infaionaas required. Navigation
information DB (300) stores, not only the navigatioformation on the same route
having a common departure point and destinationalse navigation information
on a different departure point or destination. is lio be noted that navigation
information DB (300) does not have to be configuretependently of other
components. Navigation information DB (300) mayalgart of analysis device
(500).
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Weather information DB (400) is a databiasehich weather information is
recorded. The weather information as used heedarg to information on weather
forecast of various places. For example, the vezattiormation includes data in
which forecast values of weather, wind power (@nrad speed), a wind direction,
etc. are recorded together with a date and tim&Fach the forecast is made. The
weather information includes at least informationtioe weather forecast on a route
of the ship. The weather information as used hargy include information on
oceanographic phenomena (an ocean current, actidant, a wave height, etc.).

Analysis device (500) is a device for aaalg navigation information.

Analysis device (500) retrieves the required nanegeinformation from navigation
information DB (300), analyzes the navigation imhation, and outputs a report
according to an analysis (hereinafter referredstara"analysis report") in response
to an operation of a user. The analysis repoludes at least the analysis of the
navigation information. The analysis report maglude, in addition to the
analysis, a trend graph of data such as a shiglsperate of fuel consumption
(hereinafter referred to as a "fuel consumptioa")asummary information of the
entire navigation, and a weather chart.

Fig. 2 is a block diagram showing a hardwewnfiguration of analysis device
(500). Analysis device (500) includes control yBit0), storage unit (520),
communication unit (530), operation input unit (p4énd display unit (550). For
example, analysis device (500) may be implemenyeal iiersonal computer that is
able to execute a dedicated application program.

Control unit (510) is a main means for gaalg navigation information.

Control unit (510) includes an arithmetic procegsievice such as a CPU (Central
Processing Unit) and a memory. Control unit (Sdduires data required for the
analysis of navigation information, and outputsadaded for displaying the analysis
report after analyzing the navigation informatibg,executing a predetermined
program to control an operation of each unit oflgsia device (500).

Storage unit (520) is a means for storiatpd Storage unit (520) includes a
recording medium such as a hard disk or a flash oamgm Storage unit (520) stores

data used by control unit (510). For exampleagerunit (520) may store a
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program to be executed by control unit (510), aiadiing information, which is
described later.

Communication unit (530) is a means fonsraitting data to or receiving data
from another external device of analysis devic®}50 Communication unit (530)
receives data from communication device (100), getidn information DB (300),
and weather information DB (400) in response tanatruction provided by control
unit (510). Communication unit (530) receives dlag¢a via network (200).

Operation input unit (540) is a means fraiving an input from an operation of
a user. Operation input unit (540) may receiveperation using a mouse and a
keyboard, or may receive an operation using a tsgoken. Operation input unit
(540) provides control unit (510) with operatiofoirmation indicating the operation
of the user.

Display unit (550) is a means for displayinformation. Display unit (550)
includes a display device such as a liquid cryditgdlay. Display unit (550)
displays information (such as the analysis repaotprding to the display data
provided by control unit (510). It is to be notéat display unit (550) may be
configured, without including the display device,aameans for providing a display
device that is located in a remote place (or a eagerglevice including the display
device) with the display data to cause the disd&yice to display information
(namely, a means for controlling the display ofspthy means).

Fig. 3 is a block diagram showing a funeibconfiguration regarding the
analysis of the navigation information in contraitu(510). Control unit (510)
implements first acquisition means (511), secomgliesition means (512),
calculation means (513), and output means (514¢xleguting the predetermined
program to cooperate with other units of analysiaake (500).

First acquisition means (511) is a meamséguiring navigation data measured
in navigation to be analyzed. The navigation agatacluded in the navigation
information stored in navigation information DB (B0 The navigation data
includes data indicative of both an actual measuadae of an amount of fuel
consumption in the navigation to be analyzed, andciual measured value of the

fuel consumption elements. The fuel consumptiemeints as used herein refer to
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elements regarding a distance sailed by a shipipaspeed, weather during
navigation, etc.

For example, in general, if the distanakedaby the ship is longer, an amount of
fuel consumption increases (although, if anothel é@nsumption element such as
the ship speed varies the amount of fuel consumpulies not always increase).
However, the ship does not always sail throughaamed route. For example, the
ship may make a detour from a planned route todeadow pressure area. In this
case, a greater amount of fuel will be consumed #maestimated amount of fuel
consumption.

Also, in general, if the ship speed deceeathe amount of fuel also decreases.
Additionally, in the navigation of the ship, if tis@ip sails at a constant speed
(namely, a variation of the ship speed is smdiB,amount of fuel consumption
decreases. Therefore, from the viewpoint of thp speed, it will be desirable that
the ship sails at a constant speed as far as pmssithout accelerating or
decelerating during a predetermined period, andthieaship arrives at a destination
without waiting offshore. However, depending osh@’s navigator, an action
may be taken to arrive in the vicinity of the deation earlier than planned to
prepare for any contingency.

It is to be noted that the actual measuwedde of the ship speed is assumed to be
a value that is measured at predetermined timevaitein the navigation to be
analyzed. The actual measured value allows therstahding of both an average
speed of the ship per a single navigation anddufation in the ship speed (an
allocation of the ship speed). For example, thheaeneasured value is measured
every hour. However, when the ship sails on a-distance route, the actual
measured value may be measured at intervals ofealtinger than an hour (every
half day, or daily).

Further, one of the elements having a inedt large influence on the amount of
fuel consumption among the weather during navigasavind. For example, as
an actual measured value of the wind, a numeriglalevindicated by the Beaufort
wind force scale (Beaufort scale) can be usedis dssumed that the actual

measured value of the weather is measured at pretdatd time intervals in
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navigation to be analyzed, similar to the actuahsoeed value of the ship speed.

It is to be noted that the navigation dagy include another measured value
that allows the determination of an actual amodifii@ consumption or fuel
consumption element, instead of the actual measuaiee itself of the amount of
fuel consumption or fuel consumption element. thlmeowords, the data indicative
of the actual measured value can be regarded ashadtallows the determination of
the actual measured value. For example, the niamgdata includes both an
actual measured value of a load of the main enggean actual measured value of
a navigation time, instead of the amount of fuelstonption itself, and allows the
determination of the amount of fuel consumptioralgyredetermined calculation.
Alternatively, it is possible to acquire a measwatlie of a number of rotations of
the main engine instead of the ship speed, andltolate the ship speed from the
number of rotations of the main engine by a predsteed calculation.

Second acquisition means (512) is a meamnadquiring reference data to be
compared with the navigation data. The refererata thcludes data indicative of a
reference value of an amount of fuel consumptiorefarence amount of fuel
consumption). In this embodiment, it is assumex tihe reference data is a set of
the navigation data that is measured in anothegaton having the same route (a
departure point and destination) as the navigatidicated by the navigation data,
namely, navigation to be analyzed, and that thereece data is retrieved from
navigation information DB (300). For example, whika navigation as used
herein is navigation on a regular route, the refeeedata includes navigation data
that is measured in past navigation on this route.

Calculation means (513) is a means for @mng the navigation data acquired
by first acquisition means (511) and the referesata acquired by the second
acquisition means (512). Calculating means (5aRutates, based on the
navigation data and the reference data, a fluanataused by each of the fuel
consumption elements among a fluctuation in theaeheasured value with respect
to the reference amount of fuel consumption. heotvords, calculating means
(513) calculates a degree of contribution of eddhe fuel consumption elements to

the fluctuation in the amount of fuel consumptior€alculating means (513) is also
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able to determine the reference amount of fuel wonion on the basis of the
reference data, as described later. The detenmmat the reference amount of
fuel consumption can be implemented by a regressmaiysis using the reference
data.

Output means (514) is a means for outpgiircalculation made by the
calculation means (513). In this embodiment, outpeans (514) provides display
unit (550) with display data indicative of the agdbtion made by the calculation
means (513). The display data generated by oatpans (514) includes at least
data used for displaying an analysis report. tibibe noted that output means
(514) may acquire, as necessary, data other tieacethulation made by calculating
means (513) according to contents of the analggiort.

The configuration of Navigational analysystem (10) is as described above.
A user (e.g., a ship’s navigator on board or a spigration manager on shore) can
instruct to generate the analysis report usinggainal analysis system (10). For
example, the user can acquire, by designating atiwigto be analyzed, an analysis
report on this navigation.

Fig. 4 is a flowchart showing a processceed by analysis device (500).
Control unit (510) of analysis device (500) firstBceives an instruction to generate
an analysis report (step S1). Controller (510)ig &0 receive an input from an
operation of a user by acquiring operation infoioratrom operation input unit
(540). The user can designate navigation by usidgparture point, a destination,
a date and time, or a name of a ship or route. uBkealso can search for and find
the navigation to be analyzed by using navigatidarmation DB (300). The user
may designate one or more fuel consumption elenteriis displayed in the
analysis report.

Upon receiving the instruction to genetthie analysis report, control unit (510)
acquires the required data. Control unit (510piidies the navigation designated
by the user, and acquires, from navigation inforamaDB (300), navigation data
measured in the identified navigation (step S2)ontl unit (510) further
identifies other navigation information to be comgzhwith the acquired navigation

data, and acquires the identified other navigatiéormation from navigation
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information DB (300) to use the same as refereata step S3). It is to be noted
that although steps S2 and S3 are shown sepaiatély. 4, control unit (510) may
acquire the navigation data and the referencegiiamaltaneously.

Control unit (510) then calculates a difiece between an actual measured value
and a reference value of an amount of fuel consiomjrt the navigation to be
analyzed, and calculate a fluctuation in each efftiel consumption elements on the
basis of the difference (namely, the incrementemrement) (step S4). Control
unit (510) then generates display data includirgddlculation of step S4, and
displays an analysis report according to the disp&a by providing display unit
(550) with the display data (step S5).

The outline of the process by analysis deyb00) is as described above. The
specific method of the analysis of the navigatiatacexecuted by analysis device
(500) will be described below in more detail byratan example. It is to be noted
that in the following example it is assumed that mlavigation to be analyzed is a
regular line, and there is comparable past nawgatiformation.

Fig. 5 is a conceptual diagram showingesakdown of the amount of fuel
consumption. In Fig. 5, the vertical axis indicate average fuel consumption rate,
and the horizontal axis indicates a navigation timéhe fuel consumption rate as
used herein refers to a ratio of the amount of de@lsumption to the navigation time.
For example, the fuel consumption rate is indicétgd weight of a fuel per day
(tons per day). In this case, the amount of feesamption can be indicated by a
value that is obtained by multiplying the averagel tonsumption rate by the total
navigation time. It is to be noted that the breaiud of the amount of fuel
consumption shown in Fig. 5 is only conceptuallystrated. The breakdown may
not show an actual ratio of the amount of fuel comgtion in one area.

In Fig.5, the “reference amount of fuel somption” indicates an amount of fuel
consumption when it is assumed that an increasa a@edrease caused by the fuel
consumption elements do not occur. Thereforehixdase, when the ship sails on
a navigation time determined in advance at a cahglaal speed in ideal weather
conditions, the amount of fuel consumption is eglant to the "reference amount of

fuel consumption.” In this embodiment, the refeesmalue of the amount of fuel
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consumption is determined on the basis of the atnoiuilmel consumption that is
determined in this manner.

As shown in Fig 5, the increment of the amtcof fuel consumption can be
divided into various elements that cause an iner@afuel consumption.

According to the findings of the inventors of thegent invention, there are four
main elements of the fuel consumption, namely &disé sailed," "average ship
speed,” "weather," and "allocation of the ship gigee In Fig. 5, in addition to these
fuel consumption elements, a fuel consumption efdrt@her” is described. The
fuel consumption element “other” may include anasceurrent, a tidal current, a
trim (a difference between a forward draft and fanl@ft), loading, etc. Itis
assumed that the fluctuation caused by the fuedwoption element “other” is a
fluctuation caused by a fuel consumption elememeiothan the four elements
"distance sailed", "average ship speed," "weatlaard' “allocation of the ship speed”
among the fluctuations in the actual measured waltrerespect to the reference
value of the amount of fuel consumption.

Fig. 6 is a diagram showing a method otefting the reference amount of the
fuel consumption rate. In Fig. 6, the verticalsaixidicates the fuel consumption
rate (a fuel oil consumption rate) of the ship, #melhorizontal axis indicates the
average ship speed (a ship speed over the grous@ch of the points shown in Fig.
6 indicate the measured values of the averagesgieied and fuel consumption rate
that are acquired based on the reference data. pdihts indicate measured values
in various weather conditions. In fact, there rbaya greater number of measured
values than those illustrated. When a curvilimegression (curve fitting) is
performed using all of the measured values, cuvés®@btained. In other words,
curve C1 indicates an average relationship betweeaverage ship speed and the
fuel consumption rate.

When from these measured values, only niedstalues that are measured in a
weather condition satisfying a specific conditigpécifically, the Beaufort number
is smaller than or equal to two, namely, the wipdesl is smaller than or equal to
3.3 m/s) are extracted, and the curvilinear regpass performed using the

extracted measured values, curve C2 is obtainedrveCC2 is a curve obtained by
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using the measured values in a case of relativabyg gveather conditions.

Similarly, when from these measured values, onlgsueed values that are
measured in the best weather condition (e.g., molwr tail wind) are extracted, and
the curvilinear regression is performed using tkteaeted measured values, curve
C3is obtained. When only measured values thanaasured in the worst weather
condition (e.g., head wind) are extracted, ancctheilinear regression is performed
using the extracted measured values, curve Cétgnaal. It is to be noted that in
this case it is assumed that the fuel consumptitmis proportional to the cube of
the ship speed; and therefore, curves C1 to C4 aubic curve.

In this case, fuel efficiency is improvesithe weather condition is better. For
example, the fuel consumption rate of curve C8vgel than that of curve C4 when
the average speed is identical. In this embodimbkatamount of fuel consumption
indicated by curve C2 is regarded as an ideal yaloe is used as the reference
value. The reference value of the amount of foasamption on the basis of curve
C2 can be obtained by substituting the referentieevat the average ship speed into
a function indicated by curve C2 to obtain the refiee value of the fuel
consumption rate, and by multiplying the same leyréference value of the
navigation time (the value obtained by dividing te&erence value of the distance
sailed by the reference value of the average si@pd). Analysis device (500)
calculates the reference value of the amount dfdolesumption by performing this
operation.

It is to be noted that the reference daagy hmave any specific data format as long
as the reference data indicates a relationshipdstwn amount of fuel consumption
that serves as a reference (the reference amotuntlafonsumption) and at least
two fuel consumption elements (reference eleméhéd)contribute to a variation in
the reference amount of fuel consumption, and esoindicate the reference
amount of fuel consumption according to the comtioameof values of a plurality of
fuel consumption elements. For example, althoanghis case the reference data is
assumed to be data indicative of the function epwading to curve C2, the
reference data may be a look-up table that seovestirn a unique value of the

amount of fuel consumption when the values of teafity of fuel consumption
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elements are provided.

A curve used for determining the referenakie does not have to be curve C2
(namely, measured values in the condition in withehBeaufort number is smaller
than or equal to two). For example, curve C1, ngnie average relationship
between the average ship speed and the fuel cotisumnate, may be used as the
reference data. Alternatively, the reference vahag be determined on the basis
of a curve that is obtained by extracting measweddes in a condition in which the
Beaufort number is smaller than or equal to a gerdened number (other than
two).

When curve C2 and the reference value @ftinount of fuel consumption are
determined, analysis device (500) can calculatdltictuation in the amount of fuel
consumption caused by the four fuel consumptiomerds "distance sailed",

"average ship speed,"” “weather," and "allocatiothefship speed.” More
specifically, analysis device (500) sets the amad@ifilel consumption that is
obtained from the reference data (curve C2) ta¢ference value of the amount of
fuel consumption, by using the reference valueagheof the fuel consumption
elements as a value of each of the fuel consumptements. Analysis device
(500) also compares, to the reference value oltgireviously, an amount of fuel
consumption that is obtained from the referenca ¢tatrve C2) by replacing only a
value of a specific fuel consumption element amibregvalues of fuel consumption
elements with the actual measured value of theifspéeel consumption.
Analysis device (500) calculates the fluctuationha amount of fuel consumption
caused by the specific fuel consumption elemerherbasis of the difference
between them. The specific method of calculativegfluctuation in the amount of
fuel consumption caused by each of the fuel consiemelements is as described
below.
(Distance Sailed)

The fluctuation in the amount of fuel consumpto@used by the distance sailed
is obtained by multiplying the reference valueuwdlfconsumption rate obtained
from curve C2 by a difference between the actuasueed value and a reference

value of the distance sailed. However, in thisc#ds assumed that the actual
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measured value and the reference value of an a/stag speed are identical. In
other words, the difference between the actual oredssalue and the reference
value of the navigation time is a value obtainedlivyding the difference between
the actual measured value and the reference valhe distance sailed by the
reference value of the average ship speed.

(Average Ship Speed)

Fig. 7 is a diagram explaining a method of calting the fluctuation in the
amount of fuel consumption caused by the averaigesgleed. When the fuel
consumption rate that is calculated by substitutimeggactual measured value of the
average ship speed into the function indicateduryecC2 is used as the actual
measured value of the fuel consumption rate, thhedhtion in the amount of fuel
consumption caused by the average ship speed{EQ® obtained from formula
(1.1) or (1.2) described below. In these formuR@CR, indicates the reference
value of the fuel consumption rate-OCRy,ccdindicates a difference between the
actual measured value and the reference valueedtih consumption rate (FOCR -
FOCR). NTp indicates the reference value of the navigatioretiand NT
indicates the actual measured value of the nawigaime. When an actual ship
speed is higher than the reference ship speedg&£I€ obtained from formula
(1.1). When the actual ship speed is lower tharréference ship speed, FQLq
is obtained from formula (1.2).

FOGpeed= AFOCRypeeax NT - FOCR x (N - NT) (1.1)

FOGpeed= AFOCRypeed* NTo - FOCR x (N - NT) 1.2

A first term AFOCRypeea* NT) on the right side of formula (1.1) indicates
variation in the amount of fuel consumption caulsgdhe fuel consumption rate that
is increased by the increase in the average skigpdsp A second term (- FOCR x
(NTo - NT)) on the right side of formula (1.1) indicate variation in the amount of
fuel consumption caused by the navigation time ighetduced by the increase in the
average ship speed. A first terdHOCRpeeax NTo) on the right side of formula
(1.2) indicates a variation in the amount of fushsumption caused by the fuel
consumption rate that is reduced by the decreaeiaverage ship speed. A

second term (- FOCR x (NTF NT)) on the right side of formula (1.2) indicate
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variation in the amount of fuel consumption caulsgdhe navigation time that is
increased by the decrease in the average ship.spéad to be noted that the value
of FOGspeedbecomes a positive value when the average shgzspénigher than the
reference value; while the value of FQ&qJbecomes a negative value when the
average ship speed is lower than the referencevalin other words, when the ship
sails at an average ship seed that is lower tharefierence value, the amount of
fuel consumption is smaller than the referencee/alvAnalysis device (500) can
calculate the fluctuation in the amount of fuel ®mmption caused by the average
ship speed in this manner.

(Weather)

To calculate the fluctuation in the amount of faehsumption caused by the
weather, analysis device (500) performs the cumedr regression by using actual
measured values included in the navigation dasanranner similar to that of curves
Clto CA4.

Fig. 8 is a diagram showing an example of cur@dl@t is obtained from the
actual measured values and curve C2. Curve Chagpipes curve C2 as the
weather in the navigation to be analyzed is closédeal weather. When the
weather in the navigation to be analyzed is béften the ideal weather, curve C5 is
located on the right side of curve C2. When thathver in the navigation to be
analyzed is worse than the ideal weather, curves @itated on the left side of
curve C2.

The fluctuation (FOgeathe) in the amount of fuel consumption caused by the
weather is obtained from formula (2) described WwelolIn this formula,
AFOCRyeatherindicates a difference between the actual measuaie@ and the
reference value of the fuel consumption rate okethinom curves C2 and C5 shown
in Fig. 8, and NT indicates the actual measuredevaf the navigation time. In
other words, FOCRatheriS the value obtained by subtracting the referemtee of
the amount of the fuel consumption from an amod@ifiie consumption under the
assumption that the ship could sail at an averaigespeed in line with the reference
value in an actual weather condition indicatedh®ydctual measured value.

FOGueather= AFOCRyeatherx NT (2)
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(Allocation of Ship Speed)

As shown in Fig. 6, it is known that the fuel samption rate does not increase
in proportion to the ship speed, but is approxitygteoportional to the cube of the
ship speed. Thus, when the ship speed is doulhlediyuel consumption rate is not
doubled, but is more than doubled. Therefore, whership sails a predetermined
distance within a predetermined time limit, thepstan sail with the lowest fuel
consumption if the ship sails at a constant spaet that the ship sails the
predetermined distance within the time limit. Whkee ship repeats acceleration
and deceleration, or waits offshore (is anchoredpflong time because of arriving
at the destination significantly earlier than timeet limit, the fuel consumption rate
is lower than that in the case where the ship saidsconstant speed even if the
average ship speed is identical.

However, according to the calculations bgwae formulae (1.1) and (1.2), it is
impossible to understand an influence of the atlooaof the ship speed through the
entire navigation, although only the influencelod tiverage ship speed on the
amount of fuel consumption can be understood. é&fbeg, to understand the
amount of contribution of the allocation of thesbpeed to the amount of fuel
consumption, a calculation different from the cétions by formulae (1.1) and
(1.2) is required.

The amount of contribution of the allocatiof the ship speed to the amount of
fuel consumption can be calculated by using curektained from the reference
data. Analysis device (500) firstly calculatesialfconsumption rate in the case
where the ship sails at a constant speed, namealgase where the allocation of the
ship speed is ideal, by substituting the actualsuesl value of the average ship
speed into the function indicated by curve C2. Ipsia device (500) calculates an
amount of fuel consumption in the case where tloeation of the ship speed is
ideal by multiplying the calculated fuel consumptiate by the actual measured
value of the navigation time. Analysis device (bfi&n calculates a fuel
consumption rate and an amount of fuel consumgtioeach predetermined time
by substituting the actual measured value of the steed (not the average ship

speed) measured at predetermined time intervalghetfunction indicated by curve
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C2. Analysis device (500) calculates an amourfii@f consumption on which an
actual allocation of the ship speed is reflectgdnkegrating the same. Analysis
device (500) calculates a difference between thailzded amount of fuel
consumption and the amount of fuel consumptioméndase where the allocation of
the ship speed is ideal. The difference calculatedis manner corresponds to the
fluctuation in the amount of fuel consumption calibg the allocation of the ship
speed.

Fig. 9 is a diagram showing an examplehefdnalysis report that is output as an
analysis. Fig 10 is a diagram showing an exampéefactor analysis included in
the analysis report, namely the breakdown of thetdlation in the amount of fuel
consumption. The analysis report includes a bartelepresenting the fluctuations
in fuel consumption elements as shown in Fig. 11@.this case, analysis device
(500) may display the breakdown obtained from tttaa measured value and the
past average value to allow a user to comparentbevélues. It is to be noted that
the breakdown of the fluctuations in the amourfuef consumption may be
displayed in the analysis report in a manner uaidgawing other than the bar chart,
such as a table in which numerical values are testr In addition, instead of all
of the fuel consumption elements shown in FIG Xy one or more specific fuel
consumption elements that are designated by threagsan element to be displayed
may be displayed in the analysis report by usidgaaving such as the bar chart.

As described above, according to navigatiamalysis system (10), it is possible
to allow a user to understand a particular elenretite factors contributes to a
fluctuation in an amount of fuel consumption (thelfconsumption element). The
user can analyze a cause of an increase or a dedgretne amount of fuel
consumption by performing this analysis on the $anavigation data acquired in
navigation (namely, the actual measured valuenfwove a subsequent navigation.
The user can also distinguish a tendency or chexiatit of navigation by each
ship’s navigator, by comparing an analysis repbrtavigation by one ship’s
navigator to an analysis report of navigation bgthar ship’s navigator.
[Modification]

The present invention is not limited to the abew#odiment, but may be
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carried out in other modes such as the followinglifications. The following
modifications may be combined and be carried outeagssary.
(Modification 1)

The present invention may be applied to, not anlyanalysis after navigation,
but also an analysis before navigation. For exanthke user may prepare a
navigation plan prior to navigation of a ship. tlis case, the user predicts in
advance an amount of fuel consumption and a fugdwmption element. The user
can compare a predictive value of the amount dfdaesumption or fuel
consumption element with their reference value, gerform a similar analysis to
that of the actual measured value, by inputtingotfegelicted amount of fuel
consumption or fuel consumption elements as priedictata. This allows the
present invention to help in the preparation orsien of the navigation plan.

To implement this operation, analysis deWs00) receives the input of the
planning information that includes the above predicdata. Of the prediction
data, a predictive value on the weather may betibpthe user. Alternatively,
analysis device (500) may retrieve weather inforomatorresponding to the
planned route from weather information DB (400u$@ the same. It is to be noted
that when the analysis using the predictive vaduaoit performed, navigational
analysis system (10) may be configured withoutudirig weather information DB
(400).

Analysis device (500) may perform the asmwsing the predictive value
instead of the actual measured value, or alterelgtimay perform both the analysis
using the actual measured value and the analyisig tiee predictive value. When
the analyses using both the actual measured vatlpradictive value are
performed, analysis device (500) may display atyarsareport in which the
analysis for comparing the actual measured valtie the reference value and the
analysis for comparing the predictive value witl teference value are described
together. Fig. 11 is a diagram showing an examptke analysis report in which
the analyses are described together.

(Modification 2)

The reference value of the present invention do¢save to be acquired on the
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basis of the actual navigation of the ship. Fameple, the reference value may be
any numerical value that is acquired by computausation and so forth.
Alternatively, the reference data may be generaygoerforming a trial run at sea (a
test) using an actual ship, and by measuring theesgieed and the amount of fuel
consumption during the trial run.  Alternativelietreference data may be
generated by using data acquired in a model @sir(fy tank test) at a design stage
of the ship. The reference data may be provided@sa set of measured values as
described above, but a function used for a calicuid@d return a desired reference
value in response to an input variable.

Furthermore, the present invention maythseabove predictive value
(prediction data) as the reference value (refereiat®) to perform the analysis by
comparing the actual measured value with the ptigdigalue. This comparison
allows the user to understand a degree of the icl@nce (or difference) between the
navigation plan and actual navigation for eacheffuel consumption elements.
In addition, since the actual measured value aagtédictive value are compared,
the present invention can be applied to navigatioran irregular route for which
there is no (or less) past measured value.
(Modification 3)

The fuel consumption elements for which the bdeakn is calculated in the

present invention are not limited to the four elats€distance sailed,” "average
ship speed,” "weather," and "allocation of the gpped.” Any number of fuel
consumption elements may be used as long as thearusngreater than or equal to
two. For example, oceanographic phenomena magéx as the fuel consumption
elements instead of the weather, or both the weatie oceanographic phenomena
may be used as the fuel consumption elements. rraligely, the wind power, the
wind direction, the tidal current, the ocean cutyréme wave height, etc. may be used
as fuel consumption elements to calculate theimkatewn by subdividing the
weather and the oceanographic phenomena. Furthermetate of a hull such as
the trim or loading may be used as a fuel conswon@lement to calculate its

breakdown.

It is to be noted that estimated values tmaysed for the fuel consumption
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elements instead of the actual measured values. eample, if a position (latitude
and longitude) of the ship at a certain time cadeatified, even if the weather at
the time is not actually measured, the weathebeagstimated. Therefore, the
estimated value acquired in this manner can be. used

(Modification 4)

In the present invention, the reference amoufdi@fconsumption may be
determined by a method other than regression asalygor example, the reference
amount of fuel consumption may be calculated byreding the influence caused
by the weather (namely, the increase or decreafeiamount of fuel consumption),
and by excluding the influence caused by the wedtbe the measured value of
the fuel consumption rate, for each measured \&logn in Fig. 6.

(Modification 5)

The navigation to be analyzed in the presentritive may be a part of
navigation, rather than the entire navigation f@weheparture point to a destination.
For example, analysis device (500) may performreaabyais of the navigation in a
specific sea area corresponding to a part of ndwiga Alternatively, analysis
device (500) may divide the entire sea area intallemsea areas, and may perform
an analysis for each of the smaller sea areas.

(Modification 6)

The output of the present invention is not limite information for visualizing
the amount of fuel consumption, but may be inforaraguantifying a fuel cost or
representing the fuel cost in a graphic form. his tase, it is possible to present to
a user the fuel cost or a fluctuation in the fuedtdo allow the user to analyze the
same, by multiplying an amount of fuel consumptiora fluctuation in the amount
of fuel consumption that is calculated by the clttan means by a unit cost of the
fuel.

(Modification 7)

The navigational analysis device according topilessent invention is not limited
to a device such as analysis device (500) descebede. For example, the
navigational analysis device according to the preseention may be implemented

by a server device connected to a network to adlawger to access the server device
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via a client device (a personal computer, a snfashp, etc.). In this case, the
analysis report may be described in an HTML (Hyeat™arkup Language) or the
like to be provided on a web page. Alternativéihg analysis report may be
provided by email.

The present invention may be understoodnbt as a navigational analysis
device or a navigational analysis system that ohefithe navigational analysis
device, but also as a navigational analysis meith@chich the navigational analysis
device is used, a program for causing a computmiction as the navigational
analysis device of the present invention, and aihfo Furthermore, the program
according to the present invention may be provigetleing stored in a recording
medium such as an optical disk, or may be provibeldeing downloaded to the
computer via a network such as the Internet anoleryg installed into the computer

so as to be made available to users.

DESCRIPTION OF REFERENCE NUMERALS
10...Navigational analysis system, 100...Comroation device, 200...Network,

300...Navigation information DB, 400...Weather informatDB, 500...Analysis
device, 510...Control unit, 511...First acquisition mga512...Second acquisition
means, 513...Calculation means, 514...Output means,.S20rage unit,

530...Communication unit, 540...Operation input uni05.Display unit
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CLAIMS
A navigational analysis device comprgsin

a first acquisition means that acquires navigatiata indicative of both an
amount of fuel consumption in navigation of a shngl at least two elements
contributing to a variation in the amount of fuehsumption in the navigation;

a second acquisition means that acquires referéata indicative of a
reference amount of fuel consumption;

a calculation means that calculates, based onatwigation data and the
reference data, a fluctuation caused by at leasetament of the at least two
elements, the fluctuation being included in a fhation in the amount of fuel
consumption indicated by the navigation data watspect to the reference
amount of fuel consumption; and

an output means that outputs a calculation mgdbkécalculation means.

The navigational analysis device accogdio Claim 1, wherein:

the reference data includes data indicativerefationship between the
reference amount of the fuel consumption and &t lee reference elements
that contribute to a variation in the reference amof fuel consumption; and

the calculation means calculates, based on ereifte between the
reference amount of fuel consumption and an ameoiufioiel consumption that is
obtained based on the reference data by usingatrigation data as a value of a
first element of the at least two elements, anddigg the reference element as
a value of a second element, a fluctuation caugebebfirst element.

The navigational analysis device accogdio Claim 2, wherein:

the calculation means calculates the fluctuabypmising each of values of
the at least two elements as the first element.

The navigational analysis device accogdio Claim 2 or 3, wherein:

the reference data includes a plurality of sétata indicative of a
relationship between an actual measured value af@yunt of fuel
consumption measured in another navigation of #wgation and the at least
two reference elements; and

the calculation means determines the referencaianof fuel
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consumption by using a plurality of actual measwades of amounts of fuel
consumption included in the reference data.

The navigational analysis device accogdio Claim 4, wherein:

the calculation means determines the referenceianof fuel
consumption based on a result of a regression sisatpe regression analysis
being performed by using data that satisfies aip&geather condition among
a plurality of sets of data indicative of a relagsbip between an actual measured
value of an amount of fuel consumption includethia reference data and the at
least two reference elements.

The navigational analysis device accogdio any one of Claims 1 to 5,
wherein:

the first acquisition means acquires predictiatadndicative of both a
predictive value of an amount of fuel consumptiomavigation of the ship and
a predictive value of the element; and

the calculation means calculates, based on giqtion data and the
reference data, a fluctuation caused by at leasetament of the at least two
elements, the fluctuation being included in a fhation in the amount of fuel
consumption indicated by the prediction data wetkpect to the reference
amount of fuel consumption.

The navigational analysis device accogdio any one of Claims 1 to 5,
wherein:

the second acquisition means acquires, as theerefe data, prediction
data indicative of both a predictive value of aroamt of fuel consumption in
navigation of the ship and a predictive value ef ¢fement.

The navigational analysis device accogdio any one of Claims 1 to 7,
wherein:

the element is an element relating to at leastadra distance sailed, a ship
speed, weather, and an oceanographic phenomenon.

A navigational analysis method comprgsin

a first step of acquiring navigation data indwaif both an amount of

fuel consumption in navigation of a ship and astéao elements contributing
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to a variation in the amount of fuel consumptiotha navigation;

a second step of acquiring reference data indecaf a reference amount
of fuel consumption;

a third step of calculating, based on the naiogadlata and the reference
data, a fluctuation caused by at least one eleofahe at least two elements,
the fluctuation being included in a fluctuationtie amount of fuel consumption
indicated by the navigation data with respect toréference amount of fuel
consumption; and

a fourth step of outputting a calculation madéimthird step.

A program for causing a computer to@xe:

a first step of acquiring navigation data indwaif both an amount of
fuel consumption in navigation of a ship and astéao elements contributing
to a variation in the amount of fuel consumptiothia navigation;

a second step of acquiring reference data indecaf a reference amount
of fuel consumption;

a third step of calculating, based on the naiogatlata and the reference
data, a fluctuation caused by at least one eleofahe at least two elements,
the fluctuation being included in a fluctuationtie amount of fuel consumption
indicated by the navigation data with respect toréference amount of fuel
consumption; and

a fourth step of outputting a calculation madéimthird step.

A computer-readable recording mediuorisg a program for causing a
computer to execute:

a first step of acquiring navigation data indwaif both an amount of
fuel consumption in navigation of a ship and astéao elements contributing
to a variation in the amount of fuel consumptiotha navigation;

a second step of acquiring reference data indecaf a reference amount
of fuel consumption;

a third step of calculating, based on the naiogadlata and the reference
data, a fluctuation caused by at least one eleofeht at least two elements,

the fluctuation being included in a fluctuationtie amount of fuel consumption
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indicated by the navigation data with respect torference amount of fuel
consumption; and

a fourth step of outputting a calculation madémthird step.



