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Abstract. To reduce the risk of failure in a project of development of complex system, clear
definition and verification of system requirements (SR) are very important. It is known that
around 50% of project failures are originated to the failure of SR. Therefore, SR should be
verified by reviewing design in each development stages. To perform the design reviews (DRs)
effectively, the verification concept for the SR should be established in the view of system
integration and adequate tools or templates for DR should be prepared. In this paper, a template
for effective DR on large complex system is suggested, with references to the Urban MAGLEV
Development Program in Korea.

Introduction

Urban MAGLEYV program is a kind of complex system. Because of their size, complexity and
uniqueness, large projects and their processes are difficult to manage. To develop complex
system effectively, consistent application of process in which other person or team having
different idea can be participated is required.

The report of the Standish Group suggests that failures of requirement management are major
reason of the project failure. Insufficient clear definition and verification activities on the
requirements which are most important part of the project result in additional cost and schedule
delay. Then the handbook published by INCOSE recommends to review design on each
development stage for evaluation of progress status. In system engineering, verification of each
requirement in each development stage by comparison of requirements. Also requirement for
management tools for verification is increasing in line with development of internet and
computer. For effective verification, not only developments of suitable tools to verification
concept, but also setting up verification concept to use available tools properly are required.

In this paper, a template for effective design review on Urban MAGLEV Program case of
which requirements are verified by effective design review is suggested.

Design review concept
The design review aims to make required activities under the job description and restrictions
transparent and to evaluate design output for technical feasibility and conformity with standard
specifications, and to verify conformity and feasibility of every technical documents and to make
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preparations for forwarding next stage.
The handbook published by INCOSE recommends reviewing system properly in each
development stage.
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Figure.1 Review schedule of typical requirements and design (INCOSE, Systems Engineering
Handbook (Ver. 2a), International Council On Systems Engineering, 2000)

Even though individual schedule and numbers of project review can be varied by size and
schedule, but typical case shows in Figure.l. Since requirements analysis of the system is carried
out mainly at initial stage of the project, accordingly design review shall be carried out from the
start of concept design. Since design process of most projects are composed of preliminary
design and critical design, design review also composed of preliminary design review(PDR) and
critical design review(CDR).

PDR evaluate progress, technical adaptableness and risks of technology, cost, schedule of
selected design approach and review performance and interchangeableness of component
requirements. CDR determines whether or not critical design of components meets with
requirements and performance of development specifications writings. Also, interchangeableness
between components and whole system is confirmed and risks of technology, cost, and schedule
are evaluated.

Execution case of Design Review

Design review was introduced to Missile development and Apollo project of USA during
1950~60s at first. Later product liability initiated from defect cars became public problems, it
was introduced to private sector to raise reliability of products. Execution cases of CDR are as
follows.
(1) Actual presentation of X-15A ultrasonic program

In demonstrator CDR of X-15A Wave-rider Scram-jet Engine of the Boing company, the
Government and industrial people review feasibility of design, assembly, integration and flying
test plan of flying objects.
(2) Korean Helicopter Program (KHP)

Its goal is to enter service from 2012, and execution of PDR at the stage of preliminary design
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finalizing exterior shape, and execution of CDR at the stage of critical design preparing all
design drawings for actual production of helicopters are planned for KHP development schedule.

Limitation of Design Review

Recently most trade items between industrialized countries are highly value-
added complex products or systems produced by complicated process. Existent design review is
executed usually by simple checklist like Figure.2, which have a little limitation on applying actu
ally to large complex system like this program and hence to be improved. Problems generated by
executing design review with simple checklist is as follows.
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Figure.2 General design review template

At first, MAGLEV system is a large complex system in which vehicle, signal & train control,
communication, railway, power and other comprehensive technologies are interlinked. When
each sector has plenty contents, requirements could not easily secure verification requirements
and traceability to make usability of execution of examination/evaluation lower. Therefore a
template which may secure traceability between requirements, design output, basic specifications,
and verification requirements is requested. That template may decide concept design of whole
system and basic specifications of component system and help to draw and manage mutual
interface factors to be generated during design, production process. Urban MAGLEYV program is
composed of vehicle system and other six systems.
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Figure.3 Hierarchical structure of Urban MAGLEYV Program system

Secondly, a range of organizations are involved in urban MAGLEV program not only for
development of operational MAGLEV system, but for preparing required legislations and a
regime for utilizing MAGLEV, establishing suitable RAMS structure to MAGLEV, and
executing test and evaluation of whole system. Accordingly all requirements should be managed
simultaneously from the diversified view points of designer, legislations and regime, RAMS, test
and evaluation, and as such system engineer should manage comprehensively. Existent simple
checklist cannot easily manage review opinions comprehensively from such diversified
viewpoints. Also drawing review opinions with same tone for each sector is limited. Hence a
template with which consistent quality of diversified viewpoints of all stakeholders inside or
outside of the project can be obtained and observed at a glance is required.

Center of Urban MAGLEV Program
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Figure.4 Organization chart of project execution
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Concept and configuration of this template

Design review template of urban MAGLEV program is prepared on following viewpoints.
Firstly, whether or not all requirements prepared before design review is implemented to the
design properly should be confirmed. In other words, all requirements shall be verified by
corresponding to related specifications. If there are no corresponding specifications to
requirements, design shall be induced to meet all requirements by reviewing design
implementation. Secondly, it should be a springboard to define verification method of all
specifications and to confirm whether it is implemented to test procedure sheet. Verification
method with person in charge of all specifications items shall be confirmed. Also, it can review
whether verification requirements are implemented to this test procedure sheet to make
adjustment.

Requirement

/ \

Specification <«—p \/erification

Figure.5 Basic concept of this template

This template helps to collect requirements precisely without fail, and to make easy to secure
traceability. This template is prepared by three fields, i.e., requirement field with requirements of
design, specification field in which designed specification according to requirements, verification
field for verifying feasibility of specifications.

* Requirement field

- Requirements to be implemented to design by each system
* Specification field

- Confirm whether kinds of studies and design output related to each requirement are

implemented.

- Arrangement of studies and design output under way in each subject of the team
* Verification field

- Define handling subject (who) on related specifications and verification method (how)

Table.1 Design review template

Requirement Specification Verification
Sub .system Law Sys_tem Design Responsibility | Method Test Proof
requirement specification | content item
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CDR execution summary of urban MAGLEV program

Urban MAGLEYV program is the project entering into service of large-scale national research
development result to install demonstration line for six years from 2006 year to 2012 year.
Because that this project is proceeding with procurement and technology development
simultaneously, it cannot be executed by specifications defined in one sector one-sidedly but
proceeded by organic design and adjustment. This project is composed of three core subjects of
system integration, vehicle development, and establishment of demonstration line and under
which detail subjects and participating companies are placed. This template of this paper is
prepared to execute CDR effectively in the final stage of execution design.

In system integration subject, requirements, which are core of the CDR, are analysed and this
template is prepared for effective execution. CDR execution guideline by using this template to
make easy communication with other subjects is furnished. Also, execution of vehicle
development subject and demonstration line establishment subject is reviewed and integrated.
Design results of vehicle development subject and demonstration line establishment subject
were prepared to meet feasibility of requirements, which are objective of CDR.

Requirement field.

This is most important sector of this template to draw easily verification requirements and to
manage easily through system requirements. In CDR for Urban MAGLEV program
requirements, highest goal of the system based on background and effect of project propulsion to
system Level 2 were prepared. Requirements drawn from analysing requirements of various
stakeholders and operation concept and its feasibility were secured through expert’s council and
public hearings. System requirements documents of Urban MAGLEV program to enter service
have hierarchal and parallel traceability between each system. Requirements for levitation
system of the vehicle system were prepared in the table.

Table 2. Preparation example of requirements

Requirement

Serial Requirement name Requirement content
numbers
Levitating force (vertical direction) and guide
Tr.R.5 Levitation system force (horizontal direction) can be generated in
vehicle.

Specification field.

Specification column among design review template fields suggested in this study is to
confirm if requirements are implemented properly to design. Specification column is an item
basically to which design of system hardware and software is implemented. However not even
design but propelling job by the project may be included. For example, in urban MAGLEV
program, besides facilities/equipments related to MAGLEV, legislation development to be
applied to commercialisation and operation of MAGLEV henceforth is included in project
mission. How requirements of the project are implemented to developed legislations and a
regime till design review should be confirmed together during design review process. Thus
‘Law’ column is added to specification field among design review template of this project. Also
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in this project, subject for tracing and managing specifications of whole project exists to manage
system specifications writing, ‘system specification’ column is added to specification field.
Finally ‘Design content’ column for arranging design output in vehicle and demonstration line
sector can be found.

Table.3 Specification field template

Specification

Law System specification Design content

Urban MAGLEV system is brand new system having no precedent in domestic area,
governing legislations did not exist. Currently in this project, urban magnetic levitation railroad
construction rule and safety rule for Urban MAGLEYV are prepared to be law. Specified contents
for MAGLEYV system are implemented furthermore to existent railroad law. Thus, a template to
secure mutual traceability between drawn requirement and law was prepared. Through this,
feasibilities of both requirement and law can be secured.

Table 4. Preparation example of law draft

Specification

System Design
Law ey
specification | content
Safety Standard Article 53/ Clauses 1 &, 2 of Article 54/
Article 55

Article 53(levitation. guide system)

(D Enough levitation and guide forces can be exerted to
guarantee safe drive of the train.

(2 Change of air gap due to levitation and guide systems
shall meet each number of following standard.

1. Even in curved railroad with minimum radius and
maximum slope, safe drive can be guaranteed.

2. Stability of train during drive shall be maintained.

@ Enough performance of levitation, guide systems can
be exerted even in heated by drive.

Standard is required in development and production of MAGLEV system. More than standard
specifications and writings prepared by producers, specifications writings to integrate every
system are required. During CDR of Urban MAGLEV program, specification standard of
subsystem level is prepared. Part of levitation system specifications of vehicle system
specifications writings is prepared in the table.
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Table 5. Preparation example of specification

Specification

Design

Law System specification contents

5.4 Levitation system

5.4.1 General

1) Structure is designed that required power(electric current)
quantity is calculated according to load condition of vehicle,
actual air gap and set supply to be loaded to power
converter, in which converted electric power is supplied to
electro-magnet.

2) Levitation system is composed of computation and power
conversion system (Magnet Driver), Gap Sensor,
Acceleration Sensor and electro-magnet and others.

3) Levitation force generated during drive shall be
distributed fully on the track to secure drive safety from
concentrated load.

Requirements shall be implemented to design enough to meet with legislations and
specifications writings of system, and to have mutual traceability. Actual design matters are
presented. Design contents of levitation system of vehicle system are presented in the Table.

Table 6. Preparing example of design contents

Specification

Law System specification Design content

* Levitation system

- Equipped with Long Pole electro-magnet
to reduce Drag Force and weight

- System  Redundancy concept s
implemented partially.

- Number of electro-magnet: 32 set/vehicle
- Bogie mechanism design for stable drive
in curve and slope railway.

Verification field.

System verification field is composed of contents related to verification of specifications. The
template is prepared to trace system requirements corresponded respectively to verification
requirements. System verification field is classified by responsible organization for verification,
verification method, test/evaluation items, and ground data. This traceability means that each
requirement shall be verified by test and evaluation plan, verification requirements is the item to
be verified.

Because that this project is large-scale program in which a range of organization is
participated, lots of interfaces are required. In the Responsible Organization for Verification item,
subject number and name of the subject responsible for design and verification of

4 0 )



implementation of requirements shall be filled in.
Verification method of requirements shall be described in Method item. Usually four methods
of following Table would be used for verification.

Table 7. Verification Method

Method Content

Verification method to confirm that related technical analysis or

Analysis modelling, simulation and others satisfy specifications.

Verification method to confirm that related specifications are
satisfied by software test bed, training simulator, mock-up and
Demonstration others in case that numerable opportunity cost is expected to test
by produced target system or actual components.

Verification method to find any defect of test body by observing
Visual Inspection material, product or structure (test body) directly or indirectly

Verification method to confirm that required performance value or
Test function would be revealed under given boundary condition by
operating mockup or actual equipment.

In above case, because that bridge deflection limit is reviewed in the design stage by analysis
initially, and deflection would be confirmed by field measuring (test) after production
verification method is prepared by analysis and test.

Test items are prepared to make confirmation of requirements. Those may be used as the base
of the Test Evaluation Management Plan. Required test procedure, test equipment and facilities,
test organization and other detailed contents will be executed in corresponding subject. In this
subject, requirements can be verified with these test evaluation items and traceability.

In Proof items, ground documents are prepared to confirm verification result. Drawing, design
report, analysis report, review report and others may be objectives. Following Table is prepared
example of verification sector for levitation system of vehicle system.

Table 8. Preparing example of verification sector

Verification

Responsibility | Method Test item Proof

Performance test of | Result  report  of
train(Start test in the | simulation
slope) Design report

2-1 Detail Analysis
2-2 Cooperation | Test
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Table 9. Preparing example of design review template of Urban MAGLEV program

Requirement Specification Verification
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Conclusion

In this paper, a template is prepared for design review of Urban MAGLEV program. Existent
design review is executed usually by simple checklists, which have a limitation in applying
actually to large complex system like this program. Hence a template with which consistent
quality of diversified viewpoints of all stakeholders inside or outside of the project can be
obtained and observed at a glance is required.

By this design review template of Urban MAGLEV program, whether all requirements are
implemented to design properly can be confirmed, and verification method of all specifications
can be defined and also a springboard was made to confirm whether verification requirements
are implemented to this test procedure sheet.

This template is composed of three fields, i.e., in requirement field, requirements to be
implemented to design per each system is prepared, in specification field, whether various
studies and design output are implemented to each requirement can be confirmed and in
verification field, corresponding subject to related specifications and verification methods are
defined.

Suggested template is expected to be used effectively in large scale research development
projects like this program.
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