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Abstract: The extent of the systems is the size of the world in which they are located.
In fact, systems are a community or a combination of elements or components related
to each other that form a single whole and have a common goal. It should be noted
that systems can be as big as the whole being or as small as an atom.

Guiding the engineering process in systems has created an interdisciplinary approach
called system engineering. The concept of guidance in the first step means choosing
the best path among the existing paths and then guiding, directing and managing the
process in the selected path. In this context, requirements management is one of the
first stages of the product development process, which can engineer the requirements
with a comprehensive and accurate view and produce a product that meets the needs
of users.

Marine systems, like other systems, and as a result, conducting operations under
water, have a special importance in the field of safety issues. Therefore, measuring
the operation conditions and evaluating the requirements and determining the
necessary feasibility to fulfill them at the beginning of the project is a necessary and
undeniable thing that requires efforts in the direction of system engineering and

creating an integrated approach in the field of directing activities.

Keywords System engineering, requirements management, safety, quality, marine

system

25 Corresponding Author: Yousefi_1302@yahoo.com
VP 5l - oyl —VY wls CadanS Ca 9 00 9 (o dlen Ay il



Improving the Quality and Safety of A Marine System Using ... 68

Aim and Introduction

The definition of “system” is inclusive. A system is the combination of elements that
function together to produce the capability required to meet a need. The elements
include all hardware, software, equipment, facilities, personnel, processes, and
procedures needed for this purpose [5].

Establishing and directing of system is not easy, especially for complex system. In
these items, the system engineering science is used. System engineering is involved
in all aspects of design, development, produce and, etc. All activities are done during
a cycle that is named “life cycle". This cycle has several phase and gates. Any system
shall pass all of phase and gate, from definition to disposal [3].

One of very important activity in this cycle is requirement management. The
requirement is agreed-upon need, desire, want, capability, capacity, or demand for
personnel, equipment, facilities, or other resources or services by specified quantities
for specific periods of time or at a specified time expressed as a “shall” statement.
Acceptable form for a requirement statement is individually clear, correct, feasible to
obtain, unambiguous in meaning, and can be validated at the level of the system
structure at which it is stated. In pairs of requirement statements or as a set,
collectively, they are not redundant, are adequately related with respect to terms used,
and are not in conflict with one another. On of very important activity that is done on
requirements is verification. Verification proves that a product for any element within
the system structure conforms to its requirements or specifications. There are several
methods for verification. These methods are Analysis, demonstration, test and
inspection [4].

Management, choice, classification and configuration of requirements is done with
requirement management. The purpose of this paper is improving quality and safety
of a marine system using requirement management. Marine system due to the nature
and performance are considered as a complex system. The safety and quality in this
system is something that cannot be ignored

Methodology

For Purpose in this paper, that, mentioned in aim and introduction part, is
considered a process with seven steps. Figure 1 shows this process. According
to this process, at fist the resources of requirements gather, then the

requirements extract and classify. After that introduce one or more methods
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for verification of requirements. All of mentioned step's results show in the

main document that named metadata. In the end the DSM matrix draw. Using

this tool help to determine the configuration of requirement and review of

metadata [11].

Step 1: Determining
requirements gathering
resources

Step 2: Extraction requirements

Step 3: Classification of
requirements

Step 4: Determining methods for
verification of requirement

Step 5: Preparing Requirements
Metadata

Step 6: Drawing and analyzing
the DSM matrix

Step 7: Review of requirements
Metadata

Fig 1- The process of this paper
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Finding

In the following, the steps of process (Fig. 1) and finding are briefly described

1) Determining requirements gathering resources: Determining
requirements gathering resources: There are several references for extraction
requirements. Technical annex, standard, benchmarking and, lesson learned
and etic are example of these references. So, in this stage, according to the
opinion of experts, is determined a number of references. The experts include
designer, system engineer, supplier, producers and etc.

2) Extraction requirements: in this step, according to the references
considered in the first step, the requirements has been extracted. Any
requirement should have a unique code. In addition, any requirement should
be clear, correct, feasible to obtain, unambiguous in meaning, and can be
validated. For this system is extracted 108 requirements.

3) Classification of requirements: in this step, the collected requirements are
categorized. The classification of requirements, is done according to the
IEEE1220. This standard, introduces 13 types of requirements.

4) Determining methods for verification of requirement: In this step is
determined one or more verification methods for any requirements. Analysis,
inspection, test and demonstration are methods that can verify a requirement.
All of requirement should have the ability of verification.

5) Preparing Requirements Metadata: Requirements Metadata is a
document that includes all of requirements. So, the result of past steps is
collected in this document.

6) Drawing and analyzing the DSM matrix: Requirements may conflict with
each other. Especially, when the requirements extract from several reference.
So, in this step, the conflict of requirements is solved. In this context, is used
from DSM matrix. A DSM matrix is a square matrix, representing linkages
between the system items. It can use for parts, function and requirement. For
this system, this matrix is a 108*108.

7) Review of requirements Metadata: In this step and used to results of step
6 the requirements Metadata is reviewed. According to the analysis the

number of requitements reduce to 105 requirements.
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Discussion and Conclusion

The term system construction refers to those activities that are related to the
development of a system. In this context, creating a systematic approach for
extracting, organizing and documenting the requirements agreed between the project
team and the client is one of the first and fundamental steps of system development,
which is called requirements management. Requirements management includes all
activities to maintain the integrity of the requirements. Management of changes in
requirements and the baseline created from it, coordination of requirements with other
project plans, management of relationships between requirements, management of
dependencies between the requirements document and other documents created in the
system engineering process, and traceability of requirements are among the main

activities of requirements management. are taken

Considering the importance of requirements management in the field of system
development, the present research was carried out with the aim of determining a
process to manage the requirements of one of the maritime industry products. For this
purpose, at first, a team of industry experts was formed and after determining the
relevant authorities, 108 requirements were extracted. The logic of providing each of
the requirements, the certification level and the classification of each of them led to
the creation of a document under the title metadata of requirements. This document is
considered as the basis for the design and will be agreed upon by the project team and
the client. It should be noted that if there is a change in the customer's opinion, this
document must be revised. Therefore, this document is considered as the initial
version or baseline and all changes will be applied to it. In this document, all the
requirements are categorized according to the categories provided in the IEEE1220
standard. After that, in order to manage the relationships between the requirements of
the DSM matrix related to the drawing requirements and all the relationships between
the determined requirements, and finally the conflicts between them have been

analyzed and the requirements document has been revised.
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