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(567) Disclosed is a ship safety assessment model
and a method using the same, in connection with a proc-
ess of ship safety assessment that must be conducted
for designing novel ships or performing an alternative
designthatdisagrees with the existing rules or standards,
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capable of supporting fast and iterative safety assess-
ment under consideration with the characteristics of de-
sign that is performed within the limits of time and esti-
mate, and enabling stakeholders to highly understand a
result of the ship safety assessment.
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Description
BACKGROUND OF THE INVENTION
1. FIELD OF THE INVENTION

[0001] The present invention relates to a ship safety
assessment model and a method using the same, in con-
nection with a process of ship safety assessment that
must be conducted for designing novel ships or perform-
ing an alternative design that disagrees with the existing
rules or standards, capable of supporting fast and itera-
tive safety assessment under consideration with the
characteristics of design that is performed within the lim-
its of time and estimate, and enabling stakeholders to
highly understand a result of the ship safety assessment.

2. BACKGROUND ART

[0002] In designing novel ships or performing an alter-
native design disagreeing with the existing rules or stand-
ards, it is necessary to assess ship safety relevant to
human life, environment, fortune, and essentially verify
that the novel ship is superior to a conventional ship in
safety.

[0003] Forthis, IMO MSC/Circ 1212 and 1002 propose
conceptual methods for safety admission of alternative
design plans and official IMO safety assessment guide-
lines (FSA guidelines) propose risk-based rule develop-
ment methodology for developing novel ships. In Europe,
for the purpose of securing the initiative to novel ship
development and alternative design, risk-based design
methodology, processes, and tools, which are usable for
novel ship development and alternative design, are de-
veloped to first occupy the market. However, those risk-
based methodology, processes, and tools have several
problems in applying them to practical ships.

[0004] First, those risk-based methodology and proc-
esses are regarded as having high abstract and difficult
for a designer in performing safety assessment. To use
the risk-based approach, it needs a HAZID work for iden-
tifying dangerous elements. But this needs an expert’s
idea because of insufficient data and differentknowledge
levels and standpoints of various experts cause reliability
and transparency to be testified with a result of identifying
dangerous elements.

[0005] Furthermore, in utilizing tools for the risk-based
design, an iterative operation is performed during the de-
sign and a process to be reflected to a result of the design
must be repeated. During this, since complex and difficult
utilization process and long analyzing time with the con-
ventional tools could be dangerous to exceed the limits
of design estimate and time, itincreases the risk of failing
a project.

[0006] Furthermore, as fora shipyard, itis even difficult
to provide design plans and reports, which include intel-
lectual property such as knowhow of the shipyard, for the
sake of safety assessment.
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[0007] Furthermore, as for a ship, relevant to the char-
acteristics of a single accident that propagates with its
effectin a time interval without directly affecting missions
and functions of the ship, such an accident propagation
time is still not considered during the ship safety assess-
ment. The accident propagation time needs to be suffi-
ciently considered as a significant time capable of pre-
venting accident propagation while forming an alternative
design during safety assessment or minimizing damage
of the accident.

SUMMARY OF THE INVENTION

[0008] In performing ship safety assessment by utiliz-
ing data, information, and knowledge which are insuffi-
cient at the beginning of design, embodiments of the
present invention are directed to provide a ship safety
assessment model and a method using the same, capa-
ble of enabling stakeholders, such as shipyard, class,
equipment maker, shipowner, and so on, which perform
ship safety assessment without remarkably modifying an
established design process and stay in different knowl-
edge levels and standpoints about ship safety, to plainly
confirm considerations related to a novel ship, which is
being designed, and safety thereof, enabling the stake-
holders to confirm whether a ship can work a mission, in
consideration of a duration time according to a behavior
of the damaged ship by regarding the characteristics of
the ship against identified risks and accidents, and then
form various alternative design plans, supporting to effi-
ciently perform ship safety assessment in a short design
period by way of iterative safety assessment and design
application, and enabling design knowhow of the ship-
yard to be sufficiently protected during the safety assess-
ment.

[0009] In one embodiment, a ship safety assessment
model and method using the same may include: a first
step of hierarchically defining a ship with mission, func-
tion, system, and subsystem and making the ship safety
assessment model that is formed in a table that materi-
alizes the mission, the function, the system, and the sub-
system into terms of input, output, control, mechanism,
location, limitation, duration time, and dependency; and
a second step of defining an accident scenario at a first
design step for the ship, substituting a ship behavior anal-
ysis result, which corresponds to the accident scenario,
for the ship safety assessment model, and iteratively
modifying a design plan by determining a mission capa-
bility in view of the ship and by confirming whether a
safety requirement is satisfied.

[0010] The second step may be configured to form a
timing diagram that represents the mission capability into
Possible (1) and Impossible (0)m in view of the ship in
accordance with the ship behavior analysis result against
the accident scenario, by means of information about the
duration time and the dependency of the ship safety as-
sessment model.

[0011] The second step may be configured to utilize
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the ship safety assessment model together with a ship
product model by way of the system and subsystem or
location codes of the ship safety assessment model or
location.

[0012] Embodiments of the present invention may fur-
ther include a third step of forming a prediction database
by the accident scenario with reference to the ship safety
assessment model after settling a ship design.

[0013] During this, the third step may be configured to
detect and cope with a predictable risk by means of the
database if a substantial accident happens in a ship op-
eration step, and continuously correct and revise the da-
tabase by reflecting substantial accident information to
the database and a subsequent ship design.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] These and other features, aspects and advan-
tages of the present invention will become better under-
stood with regard to the following description, appended
claims and accompanying drawings where:

Fig. 1 schematically illustrates a hierarchical struc-
ture with missions, functions, systems, and subsys-
tems of a ship by utilizing IDEFO in a ship safety
assessment model according to embodiments of the
present invention;

Fig. 2 shows a configuration of missions, functions,
systems, levels and inputs of subsystems, outputs,
controls, mechanisms, which form a ship safety as-
sessment model;

Fig. 3 exemplarily shows a configuration formed in
tables of ship safety assessment model according
to embodiments of the present invention;

Fig. 4 schematically illustrates a feature of iteratively
evaluating safety of a design plan with a ship safety
assessment model at the first design step and then
improving the design plan in accordance with em-
bodiments of the present invention;

Fig. 5 schematically illustrates how to represent a
timing diagram after reflecting an accident propaga-
tion process to a duration time of the ship safety as-
sessment model on the basis of a ship behavior anal-
ysis result about a specific accident scenario in ac-
cordance with embodiments of the present inven-
tion;

Fig. 6 schematically illustrates a ship safety assess-
ment model to represent propagation of an accident,
which occurs in a ship, into the forms of Fault Tree
(FT) and Timing Diagram (TD) as Impossible (1) and
Impossible (0) for missions and functions in accord-
ance with embodiments of the present invention;
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Fig. 7 illustrates afeature of representing data, which
correspond to ‘duration time’ (damage propagation
time), into the form of Fault Tree (FT) and Timing
Diagram (TD) in a ship safety assessment model
according to embodiments of the present invention;

Figs. 8 and 9 schematically illustrate features of uti-
lizing a ship safety assessment model together with
aship product model by using location codes or serial
numbers of systems and subsystems of the ship
safety assessmentmodel as attribute data in accord-
ance with embodiments of the presentinvention; and

Fig. 10 illustrates features of utilizing a ship safety
assessment model, which is implemented in a com-
puting system, and correlating the ship safety as-
sessment model for improvement of ship safety in
accordance with embodiments of the present inven-
tion.

DETAILED DESCRIPTION OF THE INVENTION

[0015] The invention relates to a method and appara-
tus for reducing interference in a positioning system. In
the following description, numerous specific details are
set forth to provide a more thorough description of em-
bodiments of the invention. It will be apparent, however,
to one skilled in the art, that the invention may be prac-
ticed without these specific details. In other instances,
well known features have not been described in detail so
as not to obscure the invention.

[0016] Embodiments of the presentinvention may pro-
vide a ship safety assessment model and a method using
the same, in designing novel ships or performing an al-
ternative design disagreeing with the existing rules or
standards, capable of enabling ship safety, which is in-
volved in human life, environment, estimate, and so on,
to be efficiently evaluated. Embodiments of the present
invention may be implemented through first to third steps.
Hereinafter, the embodiments of the present invention
will be described in detail with reference to the accom-
panied drawings by step.

First step

[0017] In designing a novel ship or practically using an
alternative design that disagrees with an existing rules
or standards, it essentially needs to verify, by way of safe-
ty assessment, that the novel ship or a design plan is
safer than a ship or plan following the existing rules or
standards.

[0018] However, the safety assessment for verifying
safety of a ship has problems with insufficient accident
data which is available, and incapability of establishing
and adopting all kinds of accident scenarios.

[0019] Further, as all design processes are inevitably
limited to ’'cost’ and ’time’, iterative works, which evalu-
ates safety of a design plan and revises the design plan
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would, eventually cause design time and cost to increase
to raise a degree of failure of a project.

[0020] A ship safety assessment model according to
embodiments of the present invention may be provided
to solve such problems, by which ship safety is evaluated
to determine whether a ship can perform a given mission
or function under a specific damage circumstance.
[0021] Informing such a ship safety assessment mod-
el, it needs to concretely define a ship to which the ship
safety assessment modelis applied. Embodiments of the
present invention may employ four elements of mission,
function, system, and subsystem.

[0022] In a ship safety assessment model according
to embodiments of the present invention, a ship may be
defined in a hierarchical structure with mission, function,
system, and subsystem. In detail, a mission (or task) of
a ship is first defined, a function for performing the mis-
sion is next defined, and then a system and a subsystem,
which form the function, are defined. These levels of mis-
sion, function, system, and subsystem may be concreted
into the terms of input, output, control, and mechanism.
[0023] For this configuration, as can be seen from an
embodiment of Fig. 1, the Integration DEFinition tech-
nique (IDEF0) may be employed. By utilizing frames of
IDEFO, itmay be allowable torepresent a structure, which
is formed of mission, function, system, and subsystem
of a ship, in view, and intuitively and simply show various
elements (related rules, standards, laws, estimates,
schedules, persons in charge, assigned facilities, com-
panies, departments, etc.) like the table as can be seen
from an embodiment of Fig. 2.

[0024] However, these IDEFO frame may not fully re-
flect all characteristics of a ship thereto, because con-
firming safety against many accidents occurring in a ship
further needs: information about equipment placed in a
position where an accident occurs (Location); an opera-
tion range of equipment to confirm whether the equip-
ment becomes incapable due to vertical acceleration,
heel or trim of a hull which is caused by an accident such
as flooding (Limitation), a time taken to affect the upper
level mission, function, and system which are variable
by a pattern of flooding or flooding propagation (Duration
time), and an effect of incapable equipment to the upper
level mission, function, and system (Dependency).
[0025] Therefore, embodiments of the present inven-
tion add the terms of location, limitation, duration time,
and dependency to the aforementioned ship safety as-
sessment model, and make this model in the form oftable
as shown in Fig. 3. An embodiment of Fig. 3, if a mission
of a ship is set to 'Safe Shipping’, shows a ship safe
assessment model including functions, systems, and
subsystems which form the mission.

Second step

[0026] As aforementioned, if the ship safety assess-
ment model is completely made out, ship safety assess-
ment is carried out to define a specific accident scenario

10

15

20

25

30

35

40

45

50

55

at the first ship design step and substitute a ship behavior
analysis result of the accident scenario for the ship safety
assessment model. During this, the ship behavior anal-
ysis result, such as the characteristics about flooding and
behavior of a ship, may be derived by means of an ex-
ternal commercial program or in-house program. If there
is come out data for the characteristics about flooding
and behavior of a ship to the specific accident scenario,
the values may be recorded (substituted) into the ship
safety assessment model of the table proposed in Fig. 3.
[0027] Safety assessment at this step may be carried
out to determine a capability of performing a mission in
view of a ship and confirm whether it satisfy a safety
requirement. It may be preferred to iteratively modify a
design plan in accordance with a result of the assess-
ment. Fig. 4 schematically illustrates a feature of itera-
tively evaluating safety of a design plan with a ship safety
assessment model at the first design step and then im-
proving the design plan.

[0028] Ifitis impossible to perform a mission and func-
tion of a ship when substituting a specific accident sce-
nario, an alternative design may be proposed to over-
come the shortness. During this, the alternative design
(pluralization of equipment, change of location, etc.) may
be carried out to interrupt further propagation of an acci-
dent and lessen damage therefrom by considering con-
texts about flooding, change of behavior or mission, lim-
itations to mission, function, system, and subsystem
along time, and then the safety assessment may be re-
peated while reflecting the alternative design to the ship
safety assessment model. During this safety assess-
ment, the ship safety assessment model may be also
used for explaining the ship to a safety valuator in view
of mission and function thereof, recording safety assess-
ment service contents, and deriving processes for im-
provements therefrom.

[0029] Meanwhile, in performing the safety assess-
ment at this step, information about duration time and
dependency of the ship safety assessment model is used
to form a timing diagram for representing a mission com-
pleting capability into 1 (Possible) and 0 (Impossible) in
view of the ship in accordance with a ship behavior anal-
ysis result against a specific accident scenario. Fig. 5
schematically illustrates how to represent a timing dia-
gram after reflecting an accident propagation process to
a duration time of the ship safety assessment model on
the basis of a ship behavior analysis result about a spe-
cific accident scenario.

[0030] Inrepresenting capabilities of mission, function,
system, and subsystem into probabilities which are made
of some values, there could be many troubles and argu-
ments about references at a design step. Forthatreason,
the ship safety assessment model according to embod-
iments of the present invention is designed to be without
such troubles and arguments by utilizing defined mission,
function, system, subsystem, input, output, control,
mechanism, location, dependency, duration time, and
limitation and then representing a timing diagram where
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capabilities of performing missions and functions of the
ship to a specific damage scenario are expressed in 1
(Possible) and 0 (Impossible). Based on this timing dia-
gram, stakeholders participating in the safety assess-
ment may be able to understand, objectively, clearly, and
intuitively, effects to missions and functions of the ship
against a specific accident scenario, regardless of their
knowledge levels and standpoints about ship and safety.
[0031] Meanwhile, the aforementioned work may be
allowable because the ship safety assessment model
may utilize information about location, dependency, du-
ration time, and limitation to represent propagation of
damage, which occurs in the ship, in the form of Fault
Tree (FT) or Timing Diagram (TD), as shown in Fig. 6,
with Possible (1) and Impossible (0) for mission and func-
tion.

[0032] For example, if there is a broken hole in a com-
partment Zone1 and a system Equip1 is disabled due to
flooding after a time Time1, the upper functions related
to the system Equip1 in AND logic after the time Time1
may be all turned to be impossible (0). Additionally, if
heel or trim becomes over a limitation of a system Equip2
due to a behavior change of the ship after a time Time2,
the upper functions related to the system Equip2 in AND
logic after the time Time2 may be all turned to be Impos-
sible (0). For these two cases, missions related to the
functions that are turned to be Impossible (0) are also
turned to be Impossible (0) in all. In this case, an alter-
native design for improving ship safety may need a work
to block flooding in the time Time1, double the system
Equip1 thatis in flooding, or change an installation loca-
tion of the system Equip1. And, it may be necessary to
revise trim or heel of the ship in the time Time2 or reflect
constitution of a new system to compensate an attitude
change of the system Equip2.

[0033] Meanwhile, dataabout’durationtime’inthe ship
safety assessment model at this step may be obtained
by analyzing a flooding context to a specific accident sce-
nario in use of information about type and compartment
of a designed ship (utilizing commercial or external pro-
grams). Then, the ship safety assessment model may be
represented into the form of Fault Tree (FT) or Timing
Diagram (FD) as shown in an embodiment of Fig. 7.
Therefore, it may be permissible to confirm, how damage
of the ship affects specific systems and subsystems and
affects functions and missions of the ship after a lapse
of time, in the form of Possible (1) and Impossible (0).
This confirmation will be adopted to modify a new design
for improving safety of the ship as stated above.

[0034] Meanwhile, in performing the safety assess-
ment at this step, the ship safety assessment model may
be utilized together with a ship product model, interme-
diating information about systems and subsystems or lo-
cation codes of the ship safety assessment model, so
that it is possible to achieve the safety assessment more
objectively and practically. Figs. 8 and 9 schematically
illustrate features of utilizing a ship safety assessment
model together with a ship product model by using loca-
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tion codes or serial numbers of systems and subsystems
of the ship safety assessment model as attribute data.

Third step

[0035] After settling a ship design, a prediction data-
base (hereinafter referred to as 'database’) by accident
scenario may be formed with reference to the ship safety
assessment model.

[0036] During this, the database may be efficiently
used to predict and prepare a risk when an accident sub-
stantially happens in a ship operation step. According to
embodiments of the present invention, since substantial
accident information of the ship operation step is reflect-
ed, continuously corrected and revised , and provided to
the subsequent ship design, the ship safety assessment
model may be evolved toward further objective and prac-
tical assessment means along time.

[0037] While an embodiment of the present invention
may be implemented as a ship safety assessment model
is simply formed in a form of Excel table according to the
number of accident scenarios to be evaluated, it may be
preferred for a large ship with many compartments and
mounted devices to have a computing system for the
ship safety assessment model. In this case, results about
assessment and design modifications which are repeat-
ed may be coupled with the database that stores them
by version.

[0038] Fig. 10 illustrates features of utilizing a ship
safety assessment model, which is implemented in a
computing system, and correlating the ship safety as-
sessment model forimprovement of ship safety. The con-
tents stored in the database after performing safety as-
sessment at a design step may be used for rendering an
onboard director, who is in charge of controlling damage
or commanding a takeoff by way of decision, to manage
them as means for quickly, but briefly, recognizing and
coping with an accident if the accident happens during a
substantial operation step. The series of results may be
utilized for modifying a manual for damage treatmentand
improving ship safety.

[0039] Consequently, the ship safety assessment
model according to embodiments of the presentinvention
may be regarded as a tool for verifying safety of a de-
signed ship at a design step and performing, stably and
quickly, an iterative process to modify the prior design.
Additionally, the ship safety assessment model accord-
ing to embodiments of the present invention may be re-
garded as a tool necessary for objectively combining dif-
ferent ideas of stakeholders, such as assessment-asso-
ciated shipyard, class, skin, equipment maker, and so
on, who would differently observe effects against a ship
with a specific accident scenario due to shortness of ac-
cident data that is available at a safety assessment step.
[0040] In view of the above, embodiments of the
present invention, in performing ship safety assessment
by utilizing data, information, and knowledge which are
insufficient at the beginning of design enables stakehold-
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ers, such as shipyard, class, equipment maker, shipown-
er, and so on, which perform ship safety assessment
without remarkably modifying an established design
process and stay in different knowledge levels and stand-
points about ship safety, to plainly confirm considerations
related to a novel ship, which is being designed, and safe-
ty thereof, enables the stakeholders to confirm whether
a ship can work a mission, in consideration of a duration
time according to a behavior of the damaged ship by
regarding the characteristics of the ship against identified
risks and accidents, and then form various alternative
design plans, supports to efficiently perform ship safety
assessment in a short design period by way of iterative
safety assessment and design application, and enables
design knowhow of the shipyard to be sufficiently pro-
tected during the safety assessment.

[0041] As various changes can be made in the above
constructions without departing from the scope of the in-
vention, it is intended that all matter contained in the
above description or shown in the accompanying draw-
ings shall be interpreted as illustrative and notin a limiting
sense. The invention is defined by the claims and their
full scope of equivalents.

Claims

1. A ship safety assessment model and method using
the same, comprising:

hierarchically defining a ship with mission, func-
tion, system, and subsystem and making the
ship safety assessment model that is formed in
a table that materializes the mission, the func-
tion, the system, and the subsystem into terms
of input, output, control, mechanism, location,
limitation, duration time, and dependency;
defining an accident scenario at a first design
step for the ship, substituting a ship behavior
analysis result, which corresponds to the acci-
dent scenario, for the ship safety assessment
model, and iteratively modifying a design plan
by determining a mission capability in view of
the ship and by confirming whether a safety re-
quirement is satisfied; and

forming a prediction database by the accident
scenario with reference to the ship safety as-
sessment model after settling a ship design,
wherein the hierarchically defining and making
is configured to make up the ship safety assess-
ment model by utilizing a frame of an Integration
DEFinition (IDEFO0) technique,

wherein the defining, substituting and iteratively
modifying is configured to form a timing diagram
that represents the mission capability into Pos-
sible (1) and Impossible (0)m in view of the ship
in accordance with the ship behavior analysis
result against the accident scenario, by means
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10

of information about the duration time and the
dependency ofthe ship safety assessment mod-
el, as well as configured to utilize the ship safety
assessment model together with a ship product
model by way of the system and subsystem or
location codes of the ship safety assessment
model or location,

wherein the forming the database is configured
to detect and cope with a predictable risk by
means of the database if a substantial accident
happens in a ship operation step, and continu-
ously correct and revise the database by reflect-
ing substantial accident information to the data-
base and a subsequent ship design.
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[Fig. 7]

S.1.1.1 failure

$8.1.1.1.1 failure
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