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Abstract Military vessels are complex weapon systems consisting of various integrated onboard equipment. Since
their acquisition of military equipment takes a long period of time and a prototype ship is deployed and tested, vessel
development has relied on its proprietary process. However, due to the growing complexity of onboard equipment
technology, application of systems engineering (SE) process has become indispensable. Nonetheless, an effective
design process complementing the existing design with the SE has not yet been developed. As such, we have studied
an improved basic design process for submarines based on SE. To do so, we analyzed the processes for the basic
design, technical review, and requirement management. Included reviews and requirements are SRR, SFR and PDR,
and SSRS, SSS, and SSDD. By combining the results in the SE framework, we built an improved basic design
process that can be applied in parallel with the SE-based technical review and requirement management. To assess
the process, we applied our proposed model to the submarine development undergoing the basic design phase. It is
possible to effectively manage the requirements, design artifacts and improve traceability, and also utilize them as test
and evaluation materials. The SE-based basic design process is expected to be useful in other kinds of vessel design.

Keywords : Ship design, Submarine design, System Engineering, System Engineering Technical Review, Requirement
Engineering
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(setting the standard setting)
functional baseline)
-SSRS -System -SSDD
-SDP Specification -HRS
-System -SSDD(Draft) -SRS
Specification -HRS(Draft) -HDD(Draft)
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Table 2. Technical Review Output For Ship Design

Input Output
SRR ROC, TLR, ORD, SSRS(F), SSS(D)
SSRS(D) SRR Report
SSS(F), SSDD(D),
SFR SSRS(F), SSS(D) SFR Report
SSS(U), SSDD(F),
PDR SSS(F), SSDD(D), PDR Report, TLS(D),

BS(D)

*D(Draft), F(Final), U(Update)

Table 3. Requirement Traceability Management

Original Req. System Req. System
SSRS no. no. Req.
R-001 SR-0001 -
System Req. | System Verification Design
SSS no. " | document name ];eSI'llt 1(1)(;0
esign-
SR-0001 - - - 001
Systeli Req. Design esign
SSDD no. ) result no. result )
SR-0001 - Design-010-001 - -
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Table 4. SSRS(System Subsystem Requirements Specification)
Original | Original Comp acculFeasiblCom . . Jcontr| System
. Py plet|Uncert|UniquenVerifiaRedunda/Connecti 5. . System
SWBS|class| Req. Req. |[Clarity|etitive racy| ility | emess | ainty | ess |bility| ncy Vity adictii Req. Req. (D)
no. |(Contents) ness on no.
displaceme| SR-0001 The light load
100 |ROC| R-001 nt : X O |O0] O (6] X o o o o o (D) displacement shall be
0,000ton 0,000tons (+£00%)
Table 5. SSS(System Subsystem Specification)
System Svstem Re Original |Verifia| Verification Accentance Form of |VerificationVerificationDesign|
SWBS| Req. K T 4 Importance| Req. tion method F verification| document | document | result
no. q. ype no. level (IADT) cntena document no. name no.
‘The light load ) ) Confirm that the ) Weight [Design
100 SR-000|displacement shall| Perfor Mandatory| R-001 |Vessel inspection | tonnage of sea Design |CR-001-00 estimation |-010-0
1 be mance water is below report 01 " o1
0,000tons(:00%) 0,000tons=00% repo
Table 6. SSDD(System Subsystem Design Description)
System Design . Form of . . Verification Chapter /
SWBS| Req. System Importance| result Design verification Verification document [Section / Table | Satisfaction
Req. Result document no. -
no. no. document name Picture
The light load The tonnage of] Weight
10 | SRP00] dISpaCement | Mandatory DB 0 0 se e e| ey |CR-001-0001 - estimation 23 0
0,000tons(£00%) 0,000tons+00% report
Table 7. Requirements Tracking Table
Requirement(Input from SSS) Design Result(Output from SSDD)
System|Original Verificatio Verifi Design . Chapter / . i
SWBS| Req. | Req. Il;g)c(;n Lev. Si{/setem n method Acccgt]:gzce cation| result ]I){e:;u%ltl Section / Satlsiactl
no. no. - (IADT) no. no. Table / Pic.
Thleoiiight Confirm that the The light load Chapter 6-1~
SR-000) displacement | inspection light load TESTDesign- displacement is % 2.3
100 R-001 | M |Vessel displacement is |-100- 0,000.00tons, which L o
1 shall be [09)] below 0.000: 000 100-001 iefies th . Table. 8, 9,
0,000tons (0! ow 0,000tons 1 satisfies the requirement| 26
’ %) +00% of 0,000tons+00%.
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Table 8. Survey result of technical review

The A
Number of Evaluation Item ;eTatge
participants oln References
Requirements analysis, Management,
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