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Safety Techniques-Based Improvement of Task Execution Process
Followed by Execution Maturity-Based Risk Management in Precedent
Research Stage of Defense R&D Programs
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Ajou University
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Abstract The precedent study stage of defense programs is a project stage that is conducted to support the
determination of an efficient acquisition method of the weapon system determined by the requirement. In this study,
the FTA/FMEA technique was used in the safety analysis process to identify elements to be conducted in the
precedent study stage and a methodology for deriving the key review elements through conceptualization and tailoring
was suggested. To supplement the key elements derived from the existing research, it is necessary to analyze various
events that may arise from key elements. To accomplish this, the HAZOP technique for safety analysis in other
industrial fields was used to supplement the results of kdy element derivation. We analyzed and modeled the execution
procedure by establishing input/output information and association with the key elements of the precedent study stage
derived by linking HAZOP/FTA/FMEA techniques. In addition, performance maturity was evaluated for performance
of precedent study, and a risk-based response manual was generated based on inter-working information with key
elements with low maturity. Based on the results of this study, it is possible to meet the performance, cost, and
schedule of the project implementation through application of the key elements and procedures and the risk
management response manual in the precedent study stage of the defense program.

Keywords : Weapon System, Systems Engineering, Precedent study, Defense project, Failure Mode & Effects
Analysis, Fault-Tree Analysis, HAZOP, Weapon systems, Project management
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Fig. 2. Weapon System R & D Project Management
Procedure
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Fig. 3. Defense project management plan based on
safety analysis technique
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35 Key Element Variables

4 Key Guide Words

Variables Guide Word
_ No Perform formally /Perform theoretically Insufficient Wrong
Henity and ere core tesoolog elements ekt to HOC Reiion o e ey stge o ROD Retion o0 ealsing v g acquiston gl it et f e ol s e o el oty el e
Domestic technology level and leve! of technology to be secured
Tecirival el and thoogy acquiion plan elleced i o choogy plan o i RRonSRALMUML R 0. | St by apoia) s e Bt o
Feven of fcuistion i (00 [ — Limitatons o identiying require technologies an core technologes | Increased project period due to planned duplication of e
Iopertiona perormance analyss and formulation ey el ooy - —
ROC ¢an not be modified Restricted use 0 ROC refinanent plan Prjet dees Project fallre e to fied placement eesirictions
dentification of inter-working system and creation of operation concept map i nrease dentfcatic
2 Btenutlepoe ronde Retis n - ot 5 5 Flo of s o o et of e v sy
How to ensue interaperabilty of weapons systems i g deepnent
o to Perform a Test & Evaluation entification of interworing fargetgstem ing i ge st is imited it the confimaton of reations with other project Operatonal restriction,durtion and cost ncrease
Iopeation st/ Fied test Linitinteroperability Limitof linking el check Projet delys Projct period and ost ncrese
stablishing the stage of enry into R & D accoding to TRA Incease period and cots by iiting ROC | it the dentify oftestevluaion factes  techniues o suitthe | Dueto adiionlfacltyand est echue stude, the oo ke el O it et
Possbilty of oversas purchase considring overseis e — s — o ad st of he e cese
sy of gt g donest el echongy and [T ——— “m”'w"m’“mimmmwm‘”mm et it e Foll Pt s
et of techolgy vl by s _ ..l . S _
ytem compstion and sk WES sl Restriction on the enty tage of R&D Resriction on the use of R & D planning Projet period and cost ncresse Projct falre
Resalt of techology level by s olgnentRestcion | Restited s ndetermiing , i pportuty o shte o teton Develogmentof nd oo etictns
Technology development passibility (performance adequacy according to technology level) et et Reticion i i it bk N ——— e ——
nlogy sk analysis
s . | Restictionson identiing te el oftechnology requred for the ’ . i
i ittt ol et i e e gpet Resicin i i TR il ey et VS Acqutin neud et e, .0 et st et
tematctchnology matury assessment and e— " s s
Comparison of Performance, Cost. and Schedule by Acquisiton Plans " mm”mm Linitverfction o companents f the weson ytem Missing sysen componens Tehnicel matury and cos enlys emor
sk factor analysis by acquisition plans s ethod st estiionof 4.0 sl Incease in proectpeiod and cost due o lck of udgment [rT——
Developing and securing § /W i oR&D bty on coretechnlogy fator W itk
Peew ek of e esearh st by teacpson s st et et Rescin iR g pet e prd ot s Tl et e o Goprent o s v e
Possibiliy of achieving force integration t st/ schecule trade-
B o W e e ] ES ) naion o plaing sch 5 s x| e i RO ik gt bcae .o ey i ——
{dd) Weapon deployment schedule ris analysis el o ko ot prindand st s Unmet pefomanee
/) Analyss of acquisition & operation maintenance cost it RTT———
ludget and financing plan by acquistion plans Retriction on the enty stage of R& D Restriction on judging whethert sip exploraory devlopment Prject period and cost icrese TS
ife Cycle Cost Ryt opes
Weapon system dirct / incirect efect anlysis {] Iudment Restricion Limit pe , cost schedule confirmation by acqisiton plan Comparison finit by acquiston method Aauisition method judgment emor
Ixpected performance by acquisition plans Z = TR = 2 =
Fostefeceness anysis by aquistion plrs s il et | U e o magener e ot ety | Pl and o e el i il e ke oo meod et v
Kt Deese Acqion Py, o R D oy : ___ I et et
Limitations on required § / W idifcation Restricting S,/ W complance tothe weagon system Cost and period requied o secure software Prjec alore e to lack of perfornance
Cooperation between the countries / govemment n the acquisition plan idi i &
D i """""’“m"'“”m;"w:::‘ L T T —— Ustecsay e st e et
[Operational concept, need for acquisition and appropriate requirements
Restriction on fore integration time: Limit performance  cost o foce inegrtion time corlt Lass of opps jec peiod Mising force interaton time, performance and costjudgment eror
IAssaciations with other projects
Liit the impact fcto on fore nteyation | Limit the useofrsk management becaus it can not Mentty speiic sk | - Shortag oftechnology development period, nceaseof i e
pplication of evolutionary development shrategy considering delivery schedule performance time fudors oot Fild Pkt o s

Fig. 4. Complementing key elements based on HAZOP technique
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Table 1. Severity Rating Criteria
Effect Criteria (severity of impact) Level
Unable to force integration Failed to meet performance / cost / schedule 5
Re\.llswn of requirements and review of Failure to ROC, increase project costs, schedule delay 4
project plan
Review performance modification and | Technically ancillary performance not met, project expense and schedule 3
modify project plans delay
Change project plan Project costs and delays due to some non-functionalities other than ROC 2
g project p and technical ancillary performance
Promoting project normally No impact on performance / cost / schedule. 1
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REVIEW ORDER

@3-2-1-1. Operational concept, need for acquisiion
and appropriate requirements

[1-2-1-2 Possibility of domestic purchase considering domestic level
of technology and development status
(1-2-1-5. System compaosition and task WBS analysis
(1-1-2-3. Identification of inter-working system and creation of operation concept map

[1-1-2-4. How to ensure interoperability of weapons systems
[1-1-2-1. Review of on Plan (ROCH

(1-1-2-2 Operational performance analysis and formulation

(1-1-1-1. Identify and secure core elements related to ROC
[1-1-1-3. Technical details and technology acquisition plan reflected in core technology plan
[1-2-1-4. Result of technology level by WBS

[1-2-1-6. TRA Results for CTE

(i-2-1-1. Establishing the stage of entry into R & D according to TRA

1-1-1-2. Domestic technology level and level of technology to be secured

(1-2-1-3. Possibility of domestic purchase considering domestic level of technology and development

1-3-1-1. Technology development passibiity
[1-3-1-6 Developing and securing 5 / W

1-3-1-2 Technology development risk analysis

(Add) Analysis logistic support & Supporting element of force integration

(1-1-2-5. How to Perform a Test & Evaluation

1-1-2-6 Operation test / Field test

(1-3-1-3. Whether exploratory development is omitted or full scale development outline plan

[1-3-2-1. Possibility of achieving force mtegration time
(performance / cost / schedule trade-off}
[1-3-2-2 Weapon deployment schedule risk analysis

-1-3-1. Cost-effectiveness analysis by acquisition plans

[1-3-1-4. Acquisition performance, cost, schedule and comparison table for each acquistion plan

(1-3-1-5. Risk factor anatysis by acoquistion plans
(1-3-1-T. Review result of the research institute by the acquisition plans

B3-2-2-1. Application of fionary strategy ing delivery schedule performance

§3-2-1-2 Assodations with other projects

Fig. 5. Procedures for key elements of the derived
precedent study stage
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Input

Key Elements in the Precedent Study Stage

(1) Weapon System Decision Making Document

Output

3-2-1-1. Operational concept, need for acquisition
and appropiate requitements

(2) Calculate the required amount

(1) Weapon System Decision Making Document

1-2-1-2. Possibilty of domestic purchase considering domestic level
of technology and development status

(3)Foreign weapon system performance and technology level
(4)Foreign similar weapon system structure

(1) Weapon System Decision Making Document
(4)Foreign similar weapon system structure

1-2-1-5. System composition and task WBS analysis

(5 System composition diagram and WBS

(1) Weapon System Decision Making Document

1-1-2-3. Identification of inter-working system and creation of operation concept map
1-1-2-4, How to ensure ir ility of weapons systems

(6) Operational concept map
] il i Level

1) Weapon System Decision Making Document

1-1-2-1. Review of Acquisition Plan (ROC)

(8) ROC Feasibility Analysis Results

(
(8) ROC Feasibility Analysis Results
(17) The possibility of development of technology and ROC adequacy review reslt

1-1-2-2, Operational performance analysis and formulation

(8) ROC Amendment

(9) ROC Amendment

1-1-1-1. Identify and secure core technology elements related to ROC

(10) List of Core Technology Elements

(10) Lst of Core Technology Elements

1-1-1-3. Technical detals and technology acqisiton plan reflected in core technology plan

{7) Technology and security plan reflected
in Core Technology Plan

(5) System composition diagram and W8S

1-2-1-4, Result of technology level by WBS

(12) TRL results

(10) List of Core Technology Elements

1-2-1-6. TRA Results for CTE

(13) TRA results for CTE

(13) TRA results for CTE

1-2-1-1. Establishing the stage of entry into R & D according to TRA

(1) Establishment stage of research and development (exploratory development or fullscal|

(1) Technology and securiy plan reflected in Core Technology Plan
(13) TRA results for CTE

1-1-1-2. Domestic technology level and level of technology to be secured

(15) Technology level of domestic companies and institutions

(15) Technology level of domestic companies and institutions

1-2-1-3. Possibilty of domestc purchase considering domestic level of technology and

(16) Domestic putchase possibily analysis result

(15) Technology level of domestic companies and instiutions

1-3-1-1, Technology development possibilty

(17 The possibilty of development of technology and ROC adequacy review result

(8 ROC Feasibility Analysis Results

1-3-1-6. Developing and securing § / W

085 /w scope and development plan

(13) TRA results for CTE

1-3-1-2, Technology development rsk anlysis

(19) Technology development risk anysis result

[ Operational concept map
(8) ROC Feasibility Analysis Results

{(Add) Analyss logistc support & Supporting element o force integration

(38) Plan for securing the supporting element of force integration

(8) ROC Feasibilty Anlysis Results

1-1-2-5. How to Perform a Test & Evaluation

(20) Implementation of Test & Evaluation

(20) Implementation of Test & Evaluation

1-1-2-6. Operation test / Field test

(21) Operation test / Field test evaluation method

(14) i stage of research and (exploratory

or full scale d

T3-21. Possbilly of achieving force integration fme
{ cost / schedule trade-off

(23) force integration time plan

23) force integation time plan

13-2-2. Weapon deployment schedule risk analysis

5) System composition disgram and W8S
(1) The possibilty of of technology and ROC adequacy review result

(:
(
(
(

25) Analysis resultof acquisition cost / operation maintenance cost by acquisiion plan

(25) Analyss result of acquiiton cost/ operation maintenance cost by acquisiton plan

(8) ROC Feasibility Analysis Results

(26) Life Cycle Cost Analysis Results

(25) Analyss result of acquisiton cost / operation maintenance cost by acquisiton plan

(&) ROC Feasibilty Analysis Result

(31) As a resull of reviewing whether it meels policy

(29) Expected performance analysis results by acquisition plans
(31) As a result of reviewing whether it meets poliy

(8) ROC Feasibility Analysis Results
(17) The possibility of development of technology and ROC adequacy review result

1-3-1-4, Acquisition performance, cost, schedule and comparison table for each acquisition plan

Cast-effectiveness analysis by acquisition plan

(24) Results of deployment schedule factor analysis
25) Analysis resut of acquisition cost /

‘operation maintenance cost by acquisition plan
26) Life Cycle Cost Analysis Results
(27 budget formation by acquisition plan
(28) Analysis of effects by acquisition plan
(29) Expected performance analyss results by acquisition plans

(30) Cost-Effect Analysis by acquisition plans

(31) As a result of reviewing whether it meets policy

(39) Domestic R & D investment subject review result

(32) Gooperation among countries or miristries by acquisiion plan

(33) Comparison of Acquisiton Performance, Cost, and Schedule by Acquisition Plans

(19) Technology development risk analysis result
(29 Results of deployment schedule factor analysis

1-3-1-5. Risk factor analyss by acquisition plans

34 Risk factor analysis by acquisition plan

(8) ROC Feasibility Analysis Results

3-2-2-1. Application of evolutionary development strategy considering delivery schedule performance|

(36) Evolutionary development strategy

] il i Level

3-2-1-2. Assodiations with other projects

(37) Analysis result of connection with other projects

Fig. 6. Analysis of key element execution procedure of precedent study stage based on input / output information
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Precedent Study Stage
1. Project need 2R &D possibility | 3. Reviewing force || 4, Cost analysis || 5. Effect analysis| 6. Cost-Effect | 7. Analysis of policy
analysis analysis integration time Analysis aspects
; , v i  ||° Analysis on
° Enemy threat © System and 9 Review the © Analysis of the || ° Direct / indirect o cost-effective- Defense
analysis operational concept | adequacy of acquisition/ effect analysis of | .ness analysis Acquisition Policy
° Current force analysis force integration || operationand || weapon systems | of each * |dentification of
operation status | ° ROC analysis and time maintenance || ° Expected acquisition cooperative
© Status of overseas || specification ° Reviewing cost by each erformance plan ileriertts hetivesn
similar weapon (| © Identification of core | measures to acquisition plan || for each countries fministiies
systems and technology elements | meet force acquisition by each acquisition
development trend|| and TRA integration time plan plan

8. Identify acquisition plan
and derive optimal
acquisition plan
® Acquisition performance,

cost, schedule and
comparison table for
each acquisition plan
@ Risk Factors for Each
Acquisition Plan
® Suggestion of optimal
acquisition plan

Fig. 7. Detailed precedent study stage
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Table 2. Performance evaluation tables for key elements of precedent study

Major Middle Small Detailed evaluation factor Distribution | score
Category Category Category
R X + Did you identify key technical elements versus ROC and reflect your
Plan to identify i 9
B acquisition plans? 7
and secure (Including the technical details reflected in the core technology plan)
techlcl((j(e) ies - Did you present the level of domestic technology and the level of s
& technology required to secure it in the future? i
Possibility of R + Did you review / analyze the proposed ROC and provide a refinement 1
& D plan?
- Has the concept of operation been drawn up based on the interlocking 6
ROC analysis target system and reflected the measures to secure interoperability?
- Did you analyze the technology and facilities required for the test
evaluation and present the test evaluation plan including the field 6
operation test?
Defense + Have you judged the possibility of purchasing considering the overseas 4
science Technology development trend and domestic technology level?
and Readiness « Is the CTE selected based on the division of work and the TRA valid? 9
Technical technology Assessment (Check TRA guidelines compliance)
Elements level - Is the R & D entry stage appropriate? 3
- Did you judge the possibility of technology development for the
; 3
proposed ROC?
- Did you identify the risk factors between technology development? 1.5
+ Has the exploratory development omission or full scale development s
. outline plan been presented? !
Technical - - - P
R + Did you provide a comparison table for acquisition performance, cost,
Alternatives s . 5
Technical and schedule for each acquisition plan?
feasibility - Have you analyzed the risk factors for each acquisition plan? 1.5
and timing - Did you identify and secure the S / W requirements for development? 1.5
- Did you appropriately select the R & D organization for each s
acquisition plan? i
s - Have you analyzed the possibility of achieving force integration timing
Possibility of I . 3
AR considering performance / cost?
achieving force - = - - - - - - -
. . . - Did you identify the risk associated with meeting force integration
integration time , 1.5
time?
- Is the acquisition and operating expenses separated? 1.5
Cost analysis - Did you provide the annual budget for each acquisition plan? 1.5
- Have you analyzed the cost taking into account the total life cycle? 3
Economic Cost-Effect - Has the direct and indirect effects of the acquisition been reasonably 2
Elements Analysis Effect analysis analyzed?
- Have you analyzed the expected performance of each acquisition plan? 4.5
Cost-Effect
. L N
Analysis Have you analyzed the expected effects of each acquisition plan? 7
Domestic
development + Did you judge compliance with defense acquisition policy and R & D
Defense L . s . 1.5
; principle of policy for each acquisition plan?
industry
; weapons system
promotion
Export of . . . .
effect defense - Has the analysis of inter-country or inter-governmental collaboration 25
. . needs been analyzed? ’
Policy industry
Elements - Did you make the appropriate requirements analysis considering the 25
Performance- acquisition need and operational concept? )
cost trade-off | - Di i i j
Requirement Did you‘ identify other projects that could affect performance / cost / s
. schedule?
analysis -
Evolutionary
development - Has an evolutionary development strategy been presented? 5
strategy
Sum 100
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Table 3. Template for risk based project management response manual

Risk factor ID

Risk factor

Fill in the identified risk factor number through the
HAZOP technique.

Fill in the identified risk factors through the HAZOP technique.

Risk classification

Associated precedent study review elements

Write the major categories of the

elements of the precedent study review items

Describe the precedent study review items
correlated with risk factors.

Risk content

Details of the identified risks for each item reviewed in the precedent study are described in detail.

Actions and Procedures

FE A 7= 2E]

technologies

Technical feasibity and timing

Cost-Effect Analysis
Economic Elements <

Economic feasibility

¥ Core Elements of Precedent Study.

Analysis (Optional)

Project management sk for
acquisition plans
Project Management Elements

<cnnpemmm
Purchase

of identified risks

Plan to identify and secure core

Possibility of R & D
1 ROC analysis
Technical Elements oefense science and technolos) e hoioqy Readiness Assessment

integration time
Benefit Analysis (optional)

Domestic Development Cost Limit

Cost-Benefit Analysis (Optional)

Domestic development principle of

Defense industry promotion effect <W939“"5 system
Policy Elements Export of defense industry
Performance-cost trade-off
Requirements analysis <
Evolutionary development strategy

R & D (including technical

of identified risks

&t BROC analysis {1}

& BB & Review of acquisition plan {1}

& Operational performance analysis and plan {1}

@ ldentification of interworking s nd creation of operation concept drawing {1}
How to ensure interoperabilty ons systems {1}

How to Perform a Test Ev

@M & S utilization plan {1}

& Field operation test and electric power evaluation {1}

& [ & Completion of operation request {1}

manuals described below.

Analyze and prepare the procedures to mitigate the described risk by considering the related precedent study items.
The countermeasures and procedures are structured on the basis of the composition and relationship / influence of the risk management response
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Table 4. Case study on risk based project management response manual

Risk factor ID

Risk factor

5-A

ROC can not be presented for medium-term plan
(Failure to specify required performance)

Risk classification

Associated precedent study review elements

Technical

¢ 1-1-2-1. (1.0) Review of Acquisition Plan (ROC)
¢ 1-2-1-4. (1.0) Result of technology level by WBS
¢ 1-2-1-6. (1.0) TRA Results for CTE

Elements

e 1-3-1-4. (0.1) Acquisition performance, cost, schedule and comparison

table for each acquisition plan

Risk content

requirement

« Since the analysis of the technical feasibility of each required ROC item is insufficient, it is limited to confirm that it is a feasible

« Limit the identification of interrelationships with other ROC items as the need for ROC items is not confirmed.
* Because there is no analysis by ROC item, it is not possible to present more specific ROC required to reflect mid-term plan

Actions and Procedures

ROC analysis

Review of acquisition plan
Technalogy Readiness Assessment:
The results of the technology level

Technology Readiness Assessment
Maturity rating of core technology
element (CTE)

ROC analysis
Operational performance analysis and
plan

Technical Alternatives
Acquisition Performance by Acquisition
Plan O Cost O Schedule and Comparison

Chart

1. Perform a feasibility analysis on the required ROC and reflect the results
* It analyzes and reflects the necessity and feasibility of each ROC item

2. Identify required technology and analyze technology level based on WBS

3. Identify the CTE of the technology required and assess the TRA through expert groups
* When experts are selected, utilize expert pool of Defense Agency for Technology and Quality

4. Apply specific ROC when comparing acquisition performance, cost, and schedule for each acquisition plan
5. Identify additional features / capabilities through expert group discussions and present specific ROC
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