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Abstract It has been recognized that in keeping the national defense capability on a leading edge, not only the
continued production of weapon systems but also the associated maintenance and upgrades are becoming the subjects
of great importance. Based on systems engineering process, the domestic acquisition programs for weapons systems
led by DAPA have made some advancement where both new systems development and systems upgrade have
attracted attention. On the other hand, as a useful type of domestic acquisition the foreign purchase program has been
conceived as a process of simply buying needed weapons from abroad. Therefore, if some degree of development
is necessary in system upgrades by foreign purchase, many problems turned out to exist. To study a remedy is the
objective of this paper. The issues are analyzed first and then a relevant process is proposed based on a systems
engineering method. Also included in the improved process is on how to generate a requirement document and the
corresponding template to meet the goals of the upgrades by development. By applying the proposed process and
template in the foreign purchase upgrade programs, derivation of more appropriate requirements can be expected,
thereby offering effective management of programs and target goals.
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Table 1. Types of Upgrade Programs

Types of Upgrade Programs Characteristics (When applying) The form of Programs
- Of rapid technological progress
. - - Thi ti 11 the i ts of til k
evolutionary acquisition is can satisfy all the requirements of users until key - C4ISR Programs
components of the overall system performance and
expand the evolution
Planned R e . . . .
- The part of the system requirements within the required | - That is being carried out
Improvements P3I (Pre-Planned .
schedule of requirement has been confirmed, but the some of the development
Product Improvement) . .
restraints not be achieved when Program
- For being unprepared for the future when they are not | - Technology development
Open Systems .
yet available, the request of the terms of technology was a hard nut
ECPs (Engineering - Engineering change proposal through the system | - Change for design and
Change in the Change Proposals) development and production of the Phase Change production Programs
design or block . -
production change before - The configuration management activities through the | - Change Programs Before
Change before Deployment Deployment
deployment
- When it is necessary to improvement of the stark | - A Program deal has
Placement with the Major Rebuild contrast to the performance requirements dramatically changed
system - In the case of life extension performance
Product - common system improvement
; PPI (Post-Producti . . . - Mi Perft
improvement (Post-Production - Properties of Deteriorated the maintenance of a system nor eriormance
Improvement) . Improvement Programs
if necessary
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Table 2. ROK MND Instructions on Upgrade
Programs[3]

Articles
91
Paragraph
1

Contents

Requirement Military can request Upgrade for Programs.

Operation concept has been considerably changed. or
significant changes required operational capability and]
service life extension in case of newly buit not budged
in accordance with the weapon system acquisition

process.
Placement or mass production of force integration off

operational concept of power. or if you don't get any
Paragraph [@ppreciable  changes to the required operational

3 capability is part performance and functionality for
improving the minor performance improvement is next

The propulsion in accordance with each issue.
ROK ADD and developers is the advent of new

technology and defense during the development process)

Acquisition Program Administration)
military and pre—planned producty
improvement on the basis of the pace of technologicall
advance proposal can do.

Paragraph
2

Paragraph |in Defense
7 requirement
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Table 3. Equipment List of OO Upgrade Program

Sortation Before After
Navigation equipment 1 Navigation equipment 1
Navigation equipment 2 Navigation equipment 2

Equipment Protective equipment Protective equipment

Communication equipment | Communication equipment
Delivery equipment Delivery equipment
- Mission Computer
* Additional mission
exerted  power computer
* Give full play system
integration capability

*Each  individual
equipment subject
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Electronic Multi—Function Color
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Delivery Mission Input—Output Communication
Equipment Computer Device Equipment

[ [ |

Navigation Protective Navigation
Equipment 1 Equipment Equipment 2
Fig. 1. System Block Diagram of OO Upgrade

Program(After Change
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Table 4. Process of ROK Defense Foreign Purchase Upgrade Programs [4]

Acquisition phase(Programs Management)

Operation /
Maintenance

Requirement
/ Planning
Requirement|
Request/ Basic Purchase Bid=s/
Requirement| pre— | strategy | Plan / | Proposal
Ra!sed/ Rese |[Promoting | Request |Reception
Requirement
Decision arch the for and
usop Program |Proposal [evaluation
Decision)

Test and Delivery
evaluation/ | (Including
. . Operation
Target |Negotiations |modification
_ / Disman
Equipment / and A
A ) Maintena [Hlement
Selection Machine Developme
nce
type nt led
Decision__|companies)
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Gap Between the Ability of Material
Derived
(Joint Combat Development System)
&
Written OCD
(Mid—term and long-term requirement
document)
&

Written ORD
[Pre-Research(Choice), Exploratory
development bids two months
ago(Duty)]

&

Reflect ORD
(Reflect Exploratory Development
RFP)

&

Exploratory Development Start
(bids / Program presentation )

Fig. 2. Requirements Document Action Process for
ROK Defense R&D Programs [4][5]
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Upgrade Programs QCD

1. Scope
2. Reterence Documents
3. Operational necessity
4, Operational concept and the need
4.1. Operational operational  policies,
operational restrictions, and curent operational support

overview (mission,

environment)

4.2, Manpower (persomnel profiles, personnel iypes,
organizational structures)
4.3, Operational Process
5. Systern overview
5.1. Systern Scope and users
5.2, Systam Interface
5.3, System Status and Mode
5.4, System Capability
Propertiez

/ Property

Minimum
content
valug

5.5, System Architecture
6. Operational Environment
7. Support Environment
8. Systern Operational Scenario

Upgrade Programs ORD

1. Overview
1.1 Oveniew of Capacity Needs
1.2 System arrangement plan and the existing system, and
comparison
2, Necessity
3. Organization and operation concept
3.1 Organization
3.2 Operational form and mission profile
3.3 Operation and Support Concept
4, Delivery Period and Requirement
5. ROC
5.1. Required Operational Capability

Evaluation
cate KPP con | Development | Development

methods and
gory | Soriation | tent threshold target value &

conditions

5.2, Logistics and Readiness
53. Congruence and Interoperability
54, Technical / Additional Capability
55. Limitations
6. Supporting element of force integration
6.1 Combat development assistance element
6.2 Integrated logistics Support Element
6.3 Standardization and Compatibility
6.4 Maintenance Support
65 Paclaging, Handling, Storage. Transport
7. Force planning
8. Program Cost Availability

Fig. 3. Requirements Document(OCD, ORD) Templates for ROK Defense R&D Programs [4]
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Gap Between the Ability of Material Derived
(Joint Combat Development System)

&
Written OCD
(Mid~term and long-term requirement
document)
&

Written ORD
[Pre-Research(Choice), Purchase Plan
document(Duty)]

&

ORD confirmation
(RFP on reflection)

&4
Purchase Program Start
(bids / Program presentation )

Fig. 4. Requirements Document(OCD, ORD) Process
for ROK Defense Foreign Purchase Upgrade
Programs
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Upgrade Programs OCD

1. Scope
2. Reterence Documents
3 Operational necessity
3.1. Curent issues of the system
3.2. The need for the operation of the product improvement
4, Operational concept and the need
4.1. Operational overview (mission, operational policies,
operational restrictions, and cuTent operational support|
environment}
4.2, Manpower
organizational structures)
4.3. Operational Process
5. Systermn overview
5.1. Systern Scope and users
5.2. System Interface
5.3. Systern Status and Mode
5.4. System Capability
Propertiss
/ Property

(personnel  profiles, personnel  types,

Minimum
content
value

5.5. Systern Architecture
6. Operational Environment
7. Support Environment
8. Systern Operational Scenario
9. Other Additions
9.1. Performance improverment program characteristics on
preparing written more information, including restrictions

Upgrade Programs ORD

1. Owersiew
1.1 Overview of Capacily Needs
1.2 Sysiem ammangement plan and the exdsting sysiem, and
COmpanison
1.3 Upgrade History
2, Hecessily
2.1 The curent system problems
2.2 The need for upgrade

3 0 i and concept
3.1 Omanizalion
3.2 O formn and profile

3.3 Operation and Support Concept
4. Delivery Period and Require ment

5. ROC
5.0, R J o] i C
= Eveluation
cats HEP con | Devslopment | Developmsnt

msthoda and
oconditions

gory | Sortstion |tent | thrssheld | target velus

5.2, Logistics and RBeadiness
53. C and ability
5.4, Technical / Additional Capabilily
5.5, Limitafions
5.1 The d
5.2 Target sysiem limitatons caused by extemal inierface
6. Supporting element of force |nlegraion

6.1 Combat

6.2 i t

6.3 i o and C ibility

6.4 Maintenance Support

6.5 P: Handling, . T rt

7. Force planning
8. Program Cost Availabiliby
9, Acquisifion schedule

9.1 Ddlivery Period

Fig. 5. Requirements Document(OCD, ORD) Templates for ROK Defense Foreign Purchase Upgrade Programs
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Requirement
4 Planning

Acquisition phase(Programs Managemernt)

Operation 7/

Maintenance

Requirement
Request/
Requirement
Raised/
Requirement
Decision
CISOP
Decision)

Basic
Strategy
Promoting
the
Program

Pre—
Rese
arch

Syatem
- Write Letter | Dewvelopment
Exploratory | RO C/Military
N of Agreement|(Development]|
developme | Requirement T&E
N for Swstem Agency
nt Confirmation D ) nt 1 . R
evelopme mplementat Operati
on Deli| on / |[Disman
Target .
Purchase Bids/s Equipment very| Mainte | tlement
Plan / FProposal Selection/ modification and nance
Request Reception T&ES Developme Process
for and Negotiation/ |(Corporation Fulfillment)
Proposal evaluation |Machine tvpe
Decision

Fig. 6. Comparison of between R&D Programs and Foreign Purchase Upgrade Programs for ROK Defense[3]
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Table 5. Interface Identification in Systems Engineering Artifacts between R&D Programs System Development
Process and Foreign Purchase Upgrade Programs for ROK Defense.

ROK Foreign Purchase

ROK ROK System Engineering Process Output
Upprade
R&D RED Program {Accompanied by Modification
Acquistion Management 2(3|4/5/6|7|8|0|10|11 12| 13| 14| 15 18] 17| 18| 19| 20| 21 Pm;’r";’ "f“r‘ﬁ';ﬁg‘;g?“em
phase Process Process
Basic Plan
Wriing BEP
Wring Letter of
Agreement Ready for Mod#fication &
Writing Develepment
Imp lementation Plan
Writing Management
Plan
Perform System e e e e Perform System
Requirements Review Requirements Review
Perform System Perform System
System Functional Review bl il Bl Functional Review
Development | Perform Preliminary Perferm Preliminary
n Design Review LA A AR Design Review
Perform Critical Perform Critical Design
Design Review aeaaae Review
Perform Test W
Readiness Review
Perform Factory
Development T&E Acceptance Test
Operation TE&E Perform S_tl_eE Slt\cceptance
ECA -
PCA

(1) Systems Engneerng Plan &) Systems Engineering Management Plan (3) System Requrements Specification
(5) Initial System Speci¥ication (6) Result of SAR (7] Functional Flow Block Diagram (8] System Specification (8] Result of SER

(10) System Dejsgn Document (11) System Intercperability Deocument (12) System Test Procedure (13) Resulk of System IL.S Analysis

(14) System Technical Decument (15) Subsytem Specification (18) Subsystem Desgn Document (17) Subsystem Interoperability Document

(18] Subsystern Test Precedure (19) IS Document (X)) Maintenance/Support_equipment Specification & Technical Docurment (1) Subsystemn Technical Document

4) HResuk of Defne System Criteria
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5! 5 6
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Fig. 7. Existing Process for ROK Defense Foreign Purchase Upgrade Programs Based on Systems

Engineering Deliverables[6]

Fig. 8. Improved Process for Foreign Purchase Upgrade Programs by Reflecting R&D Programs Level Based
on Systems Engineering Deliverables for ROK Defense [6]
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The Program Major Equipment The Program Arrangement Plan

Sortation 0OO-1 Upgrade Program

Main
Equipment . . Multi-Function Color
(New Machine Gun Equipment -
Mounting)
Eaul Mission Computer = Mission
quip Auxiliary | Multi-Function Color Display Comntrer
ment Equipment f
quiprr Weapon Control Unit |
(EX|st|ng Electrical System Equioments Machine Gun Weapon Control Electrical System| |Other Additional
equipment V! Quip Equipment Unit Equipments Equipments

Upgrade) | otner Additional Equipments

g

The Program’s base Defense System Engineering and ROK Defense Foreign Commercial Purchase Upgrade Program Process Model

1
2 3 4 5 5 3 7 8
Ready for Perform System Perform " it Functional Physical
—  Modification & — Requirements  — FPerthr_om Is‘és‘,e.m —»  Preliminary PDeemrmRCrlFlcal —> Perfom Fa:_tror{ —> Perfom S$' . ¥ i C {
Development Review unctional Review Design Review Sign Review ot s e j Audit Audit
5 P A

my

/ / ( System Deisgn

Systems
Document

Management S _
Plan / Subsystem ‘ // /
Interoperability
S Document / /

Result of Functional Flow Interoperability

(

Define System... 5
Systems ine System. / Block Diagram
Engineering Plan / / /
—
Initial System
( Specification ( Procedure — / /

Specification

Result of
SRR

System Technical
Document

Subsystem
Technical
Document

( Subsytem
Specification
S

3

Logical Verification

Edit Order Recompute Order 1

1Ready for Modification & Development. I

2 Perform System Requirements Review

3 Perfrom System Functional Review
4 Perform Preliminary Design Review
5 Perform Critical Design Review
5 Perform Factory Acceptance Test
& Perform Site Acceptance Test

7 Functional Configuration Audit

8 Physical Configuration Audit

Transcript

Time, Event ID, Process 1D Event Name, Construct ID, Structure, Namber, Name, Event Exscution Data
0,(5ux),PROC(D),enabled, 1,, 1, Ready for Modification & Development™
0, (), PROC(D), waitingForResources, 1,, 1, Ready for Modification & Development”
01D (0);PROC(O), start, 11,1, Ready for Modification & Development”
50345853, (aLx), PROC(D) 1, Ready for Modification & Development”, "Systems Engineering Flan”, to, Systems Engineering Flan”
50345853, (aux),PROC(D), 1,"Ready for Modification & Development’, "Systems Engineering Management Plan”, te, "Systems Engineering Management Plan”
50345853,1D(2),PROC 1,"Ready for Modification & Development™
50345853, (aUx),PROC 2,2, Perform System Requirements Review™
50345853, (sux) PROC(D), maitingForResources, 2,, 2, Perform System Requirements Review”
50345853, (aux),PROC(0 “Perform System 1ts Review”, "Systems Engineering Management Plan”, from, Systems Engineering Management Plan™
50345853, (aux),PROC(D “Perform System ts Review”, Systems Engineering Plan” from, "Systems Engineering Plan®
50345853, 1D(3),PROC(0), start 3175 Perform System Requirements Review”
18.8797099, (aux),PROC
18.8737099, (3ux),PROC
18.8797099, (5Ux) PROC| “Perform System
18.8757099, (aux) PROC "Perform System
18.8797099,1D(4),PROC(0), finish, 2,2, Perform System Requirements Re:
18.8797099, (sux),PROC(0) ,enabled, 3,,3, Perfrom System Functional Revie
15.8757099, {sx) PROC(D), waitingForResources, 3,3, Perfrom System Functional Review™
18.8727099, (aux) PROC(D) Initial System Speafications, from, Tnitiel System Specfcation”

18.8737099, (3ux),PROC

*Initial System Spedification”, o "Inma\ System Spedification”

TSystam Requuréméms Spenﬁcauon to, System Requirements Specification™
*/Result of Define System Criteria®, to, Result of Define System Criteria”

“System Requirements -, from, “System
"Result of Define System Criteria” from, Result of Define System Criteria™

15.8757099,ID(5),PROCH
25551641, (o] PROC(DYwrie, 5,3, Pertrom Sratem Fuctionsl Revien” System Spedfication”to, System Speciication”

Fig. 9. Result of Simulating the Improved Process
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