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ABSTRACT

Purpose: It emphasizes the importance of cost analysis for weapons systems that require enormous develop-
ment costs, analyzes the problems of cost analysis steps from a practical point of view, and presents the
direction of business development in terms of cost analysis reliability, timeliness, and efficiency.
Methods: It analyzes the R&D cost of Micro satellites with a complex cost structure and large scale according
to engineering estimation procedures, derives major analysis step—by-step problems, and presents business
development directions.

Results: Problems with standards and assumptions, data collection, cost division structure, and cost estimation
methods were derived through the micro satellite cost analysis process, and business development directions
such as expanding common standards, standardizing basic data, standardizing cost division structures and

cost items, and data asset were presented.
Conclusion: In order to develop work in terms of cost analysis reliability, timeliness, and efficiency, it is

important to prepare and standardize standards and rules for detailed tasks at each analysis stage, and through

this, it 1s expected that high utilization value and systematic cost data will be assetized in the future.
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[ 1. Systematic Characteristics Analysis ] a— )[ 6. Cost estimation(Cost Calculation) ]
* E i ' M
1.1 Project Characteristics 6.1 Raw Materials Cost Estimation
\ J E -~ T -
+ E i * ™
1.2 Tachnical Characteristics 6.2. Labors Cost Estimation
1.3 Environmental Characteristics 6.3 Overheads Cost Estimation
l'r___________l E " L M
2. The Acquisition Alternative Settings 6.4 Total Cost Estimation
‘ o g
3. Criteria and assumption Settings [ 7. Cost Analysis ]
I —
3 i ¥
4. Collection and Analysis of Basic Data [ 7.1 Cost Variability Review ]
J ! :
i |
' I
5. Establishment of Cost Breakdown Structure }— [ 7.2 Cost Adequacy Review ]

Figure 1. Cost Analysis Process

@ AASAE 24 T AL A, 7led 54, 984 54 S5 24dhs IR A 2 &9 Sl
gk AAl oA o] o, 7w R Ald, A5, ASAA, 28, VIeE, AEEH 5 Ve

of 4L F 5 Y BE 54 ok,

Table 1. Weapon System Characteristics Analysis Elements

Category Critical Analysis Elements

Project Project Purpose, Mission Objectives, Operational Concept & Process, Required
Charactjeristics Critical Performance & Specification, Development Quantity, Production Quantity,

Limited Budget, Acquisition & Operation Timing

Technical Functional Architecture, Physical Architecture, Critical Technology Element(CTE),
Characteristics Technology Readiness Level(TRL)
Environmental A Case on the Development of a Similar Weapon, Technology Retention Status,
Characteristics Manpower Retention Status, Economic Index, Possibility of Overseas Purchase
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Table 2. ex.Micro Satellites Acquisition Alternatives

Category The Hirst The Se'cond The Third
Alternative(1) Alternative(2) Alternative(3)
Acquisition Form Domestic R&D O(\)/Eg;eeiztgicgg]c)al Overseas Purchase

Main Agent Government Institute Industry Industry

Weight 000 kg 000 kg 000 kg

ROC Resolution 0.0 m 0.0 m 0.0 m
éﬁj&fﬁi Altitude 000 km 000 km 000 km
Capability) Revisit Cycle 00 Minutes 00 Minutes 00 Minutes
Life Cycle 00 Years 00 Years 00 Years

Required Development 0 Set 0 Set 0 Set

Quantity Production 00 Set 00 Set 00 Set
Required Development 00 Months 00 Months 00 Months
Duration Production 00 Months 00 Months 00 Months

® BA7E 9 A @xg CHlgWE adel 2 891 UL thdeta A o Fste] wdar] delsel A
ARE B, Wb B, BAAS B 5o Feldeln BE 7% BE H9e A

Table 3. Criteria Setting Elements of Cost Analysis

Category Elements

Inflation Rate(Domestic, Overseas), Wage Increase Rate (Engineer, Production, Service),

Economic Index Exchange Rate(USD, EUR)

Wage(Engineer, Production, Service), Indirect Cost Ratio(Materials, Labors, Overheads,
G&A, Profit)

Others Monthly Working Hours

Cost Calculation

@ 7NZAE R 2N P A Fohs) SARAAG o 1EAE 0 SRR E 743
2 Soli 58 nejslel A, BE EES dojr Al So BES Bk ol Mg EA
WAV 28 b 3R of 0 JxAas] B84E el HEFY WEETH 24, 15 24 DL
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[ Project Management ] [ System Engineering ] [ Development ] [ Production ] [ Integration Test J [ ‘Quality Assurance ]
i — L [ — | — | —

Y h 4 ¥ x

Requirements System System Environment Product
Analysis Integration Integration Test QA
Budget Functional Software
Subsystem A Subsystem A EMIJEMC
L wan prowton Tes o
Subsystem B Thermal Rali;l;ilil'v
R&D Structual Test

prm—

Assembly A
Contract Stability
Sul em € Subsystem C
Management bSRV;tD [ Assembly B ] [ yster ]
i Assembly C
Man:mel:nent Sy ;] vibration
o R&D Test

Subsystem B
Production

Subsystem C
Production
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Table 4. ex.Raw Materials Cost Estimation

Raw Material Cost Estimation Economic Index Similar Item Information

. Unit Inflation | Exchange Unit Base

Item Spec Quatity Cost Cost Rate Rate Item Spec Cost vear
reso— reso-

ASSY 1 ion 3 100 300 2.0% L1901 Assy |y ion | 70 | 2020

A won/$ A

0.5m 1.0m
Assy range 1,190 Assy range

B 3.0km 4 100 400 2.0% won/$ B 2.0km o0 2020
Assy weight 1,190 Assy weight

C 50ke 3 100 300 2.0% won/$ C 100ke 30 2020

Rl GAaslel A, A%, B 5 5 T, Bl FAAGE Ton Aol volw 1 %
= =

Aol ozt Ixyele] AdH, 71eH el
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Table 5. ex.Labors Cost Estimation

Labors Cost Estimation I Similar Ac.tmty
Index Information
Number Part'1 cipa Dura- Labor Unit Labor Wage Labor | Base
Act —-tion . . Increase Act .
of People tion Time Wage Cost Time year
Rate Rate
PM 5 30% 6 320 50 16,000 5.0% PM 30 2020
QA 5 30% 6 160 50 8,000 5.0% QA 120 2020
R&D 10 50% 12 1,920 70 134,400 5.0% R&D 1,920 | 2020

7 W PHER FAY Az, w0, AUE (S ARG E A 7] B A,
iZ1S A

u} 7HAbske] SohEN] = oRihlE AEdith

Table 6. ex.Cost Calculation Statement Form

Category Cost($) Note
Direct 1,000 > Item Unit Quantity X Unit Cost
Materials Cost
Indirect 500 Materials Direct Cost X Indirect Rate
Direct 1,000 > Act Labor Time X Wage per hours
Labors Cost
Indirect 500 Materials Direct Cost X Indirect Rate
Manufacturing Direct 1,000 > Item Unit Quantity X Unit Cost
Overheads Indirect 1,000 Materials Direct Cost X Indirect Rate
Sub Total Cost 5,000 Materials Cost + Labors Cost + Overheads
General & Administrative 500 Sub Total Cost X G&A Rate
Profit 500 (Sub Total Cost + G&A) X Profit Rate
Total Cost 6,000 Sub Total Cost + G&A + Profit
VAT 600 Total Cost X VAT Rate
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G v A= AASA N hate] BAEG 2 F2 g <Table 7>, <Table 8>3} it}

Table 7. Key Characteristics Table 8. Critical Technoloy Elements

Characteristics Estimated Value CTE TRL
Weight 100kg or less System Integration 0 level
Spot Mode 0.0m or less SAR Imaging 0 level

Resolution

Strip Mode 0.0m or less Image Calibration 0 level
Altitude 500 ~ 700km FPA Develop 0 level
Revisit Cycle 00 minutes or less Automatic Target Detection 0 level
Life Cycle At least O years Super High Resolution 0 level
Quantity At least 00 Inter—Satellite Communication 0 level

* 71%4%5F(TRL: Technology Reediness Level) * 41712 8 A(CTE: Critical Technology Elements)

=E Badd, dAe] A 2

A2 AT/ 713, A 5o NEEA e v B, de9d A € S
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(A B 2] A3, FE7FA GH, S WAl 24d3he] Ade sl dAFae] sldaER g
SHks dAssia, wevledd BEL o7l eks dS5uicte = argfskA] okt
A e A, Y o2 22U dFEAS 19T e7ATEIRR)EY, FX AT 700
e §4d 28T SAA ] B ] d3 S8 e A TR 23 ARE EdE AAssld
ol we} S5t R o] wWE 8T R A, 2%, EAaerIke HEATE) B Uetew

Table 9. ex.Micro Satellites(SAR) Acquisition Plan

Category Acquisition Plan Note
Acquisition Form Domestic R&D -
Main Agent Industry -
Weight 000 kg or less -
Resolution (Spot Mode) 0.0 m or less -
ROC Resolution (Strip Mode) 0.0 m or less -
(Required Operational

Capability) Altitude 000 km -
Revisit Cycle 00 Minutes or less -
Life Cycle At least 00 Years -

Required Development 0 Set EQM OSET, FM OSET
Quantity Production 00 Set -
Required Development 00 Months or less -
Duration Production 00 Months or less -

22FAAAE 22FAEA, ARSI, AIA, SEERZAAA Sol BT FdH o &k 45
FHAT Ao F4E aefsto] v = 2AFAHCARAA Ag7iEn] 3 Fidvke At
A WE 712 A B8R AR wEt ETEEE, dEddE, &8 ol st

Table 10. Common Criteria

Common Criteria Value

Domestic 2.0 %

Inflation Rate
Overseas 2.0 %
Engineering 2.0 %

Wage Increase Rate

Production 2.0 %
USDh 1,190 won/$

Exchange Rate
EUR 1,330 won/€

Monthly Working Hours 160 hours
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228949 Ags @ AAGS aesle] 22 £ E4A(Redundancy)E #H438 714
AEEEW 298 =4 A o] §8(Spare Parts):= WHJ

Al An g, AR YR, AEETS GRuge AT Eise] 4

ke 714
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Table 11. A List of Data Collection

A List of Data Note Providers
Estimate Data of Development Target Micro Raw Materials, Labor Cost, Overheads s
Satellite(SAR) Estimate
Performance Cost Data of Similar Micro | Small SAT-I, Small SAT-II, MDA SAR, Micro s
Satellite Development Project SAT(EO)
Purchase Price Data of Overseas Micro .
Satellite(SAR or EO) Micro SAT(SAR)-ICEYE Hokok

3.5 "R 49

A, Zlsde], AAES, AANE, D7D, AHEA), AY, A, 71 ALY SoR HEa iR

oo A7ka Wl weh vl gPES Bl ofS AYE T R(WES) 7vte s AT 3 238}

SHTEE 66 o FHEISIith o, 287wl whE AEREe] i nl eyt ARV %

ool we AAEse] e v R T RE 24N N E A dAY 5 TeAHES AA AESIH
= b

ol whet Ak, AL

il

7H 5 B A3 olsEst BESA M §HEL FeAD & ek WEFEY ek BAedu) Fhel b 2
2910 ol meh vl AR 7)%0] ATHE Aolrk, &, BHFA B RHBA el v gReTRe At
2 AFE FEe e 4 b, 8RR B2 S A 5L A Ak v 8 v
7t ofel 9] V|zARR Be4gel Bojach

[ Project Management ] [ System Engineering ] [ Development & Production of Test Product ]

T [ e
ETB Madel [ EGSE ] [ Launch Campaign ]

Schedule Management Mission Analysis

Budget Management Requirement Analysis

Function Analysis

)
)
)
o]
J
)

:

Risk Management

Contract Management

[
[
[r—
[
[ System Synthesis

ion &

= e [ e S —
Yy e Y Y Y

E
H

Efeclmiml Data

Configuration Management

[ Integration Test ] [ Product Assurance ]
e =

Satellite Integration Test Quality Assurance

STM Integration Test

) )
) ) =
| }
)| )

SW Quality Assurance

FM Integration Test Stability Assurance

ey Ty Y Y

Launch System Test EEE Parts Assurance

Figure 3. Micro SAT(SAR) R&D Cost Breakdown Structure Lv 3
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3.6 B F3(&7H

M GRYT 2] B2 W §FY FEAR A s(ARN], w0, Au)E BB TR A1) A4k v
=
o

[¢] Rl
FFaY & agste] Y FHCTFIF), @ & FASAL 1 FA ) dF= <Table 12>, <Table 13>,

Table 12. ex.Micro SAT(SAR) Raw Materials Cost Estimation

Raw Material Cost Estimation Economic Index Similar Item Information
Unit Inflation | Exchange Unit Base
Item Spec | Qty Cost Cost Note Rate Rate Item Spec Cost | year
Sun s |4 | 3400] 13,600| COTS | 2.0% 1,190 Sun | 25500 2015
Sensor won/$ Sensor
Reaction 1,190 Reaction »
Wheel ok 4 36,400 | 145,600| COTS 2.0% won/$ Wheel ok 28,000| 2015
Magnetic ok 1 12,400 12,400 | COTS 2.0% Vlvolr?/% Magnetic | ##x* 8,600| 2015
GPS 1,190 GPS .
Module ook 2 30,400 60,800| COTS 2.0% won/$ Module ok 25,000| 2015
- (AEH ) 29F X 499 WU X EVVESE X 3 = AlE|
Table 13. ex.Micro SAT(SAR) Labors Cost Estimation
Act Number Participation | Duration Labor Unit Labor Wage Increase
of People Rate(%) (Month) Time Wage Cost Rate
Structure Design 6 20% 24 4,608 50 230,400 2.0%
Thermal Design 6 20% 24 4,608 50 230,400 2.0%
Power Design 6 20% 24 4,608 70 322,560 2.0%

CeFH) F8) FYAY X BYE X FYIIZF X QFAHE = wTH]

Table 14. ex. Micro SAT(SAR) Outsourcing Cost Estimation

Category Times Unit Outsourcing Reference Providers Note
Cost Cost

Vibration Test 5 4,000 20,000 Estimate sokok Main Test 5 times
Thermal ) Main Test 4 times
Vacuum Test 8 2,000 16,000 Estimate o Spare Test 4 times
Shock Test 6 500 3,000 Estimate . Main Test 3 times
Spare Test 3 times
EMI/EMC Test 10 300 3,000 Estimate HkE Main Test 10 times

SN E) 203 X BSIY W x 2SR < 8% = 40

ARFE R A AR FAR ARFE] Ue A5 A AR A LAY, B
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2R} ol A SAMA AL D FAAL o) A A # e (EVM: Earned Value Management)
HgEd Wyl AEHEE 47 FAWHI AR, 28R T 9 AEH
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Table 15. ex. Micro SAT(SAR) R&D Overheads Ratio

Category Industry A Industry B Industry C Average
Indirect Labor Cost Ratio 25.36% 25.25% 40.46% 30.36%
Indirect Expenses Ratio 63.93% 75.37% 58.16% 65.82%

G&A Ratio 7.00% 7.00% 6.39% 6.80%

HSVHEAR FPBSE T 24 710 Fol LB, $ 00kgit SAR E99199] 7N
o of 5500 o ST, &, AT 85 A%E ol il slgehs v §RE Adehi bl
o B4, PAEY, P 5L wdstel 2LFAHGAR PR oF 1609 oz FHHA

Table 16. Micro SAT(SAR) R&D Total Cost Table 17. Micro SAT(SAR) Production Unit Cost
Categor Cost Categor Cost
gory (in Millions KRW) sory (in Millions KRW)
Direct 18,500 Direct 6,320
Material Cost ) Material Cost )
Indirect - Indirect 350
Direct 9,730 Direct 2,350
Labor Cost ) Labor Cost )
Indirect 1,120 Indirect 1,040
Direct 8,500 Direct 1,420
Expense ] Expense ]
Indirect 9,200 Indirect 2,350
Royalty 3,350 Royalty -
General & Administrative 1,730 General & Administrative 870
Profit 2,850 Profit 1,230
Total Cost 54,980 Total Cost 15,930
VAT 5,498 VAT -
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3.7 vl &EA (&S 74 2 AR A28

S5 AR, 712ARS &8, HA7E 2 7 AR, SRS R Y, U540 g BT 84

tiste] bzt oA A e AFHoR Fste] HE57 7FeA e A 58 HE- Sl

H-$57 7HeAdS AR gy, 85 248} 7 371 o5 Workmanship 5, 7145 % & thS F8

oA HEHNI F2 &2 o9} )

o AMARFE ks A 30 A] SR E A AR QL A AlER] 28 o] %ﬂ 7V

< 7] A5HE FEF AYEHAE BAe FEFE(COTS) 802 /vt

e A&AQ0 HE FulE B MPQE 283 Aloks Falo] ARE Hl*CL 20~25% 83t 7t

« A4 719 7] WA R A ARG A3 TS

« AAE S B P Al AEE A

o 2A, GAA A NS A kA, sk Bl TR

« EM, QM S/ Al AAARAH] 15% < FhAa

« JPEFHAAE QT 2 ARE Aol 2 AT 56 ~ + 309 Y9 FOo® WE Jbs

F74n]8-9] 7742 <Table 18> 22 fAMAIY 4% 2 A, A& A5 2 vaLste] gAg 2o

2 AESGA T8 82 o9l

« ZHAIY) 28 4(SAR) 23 150kgH, = Om o]ate] AR 2hdA] FHo 2 A== Aol
)= oF 2979 Yoltt. o] i EA U AA tin] A 2 Al 8rEd i fddo| =7t v e
T APA Y A& vFo] dAT] Wk

« Aua]An] Q1394 MDA SARE 150kgH, 31AE Strip Om ©|8t=2 7)dr} 2569 Hojt}, B A o4
AA ] b7 B} ¢F 559 9 =31, o= 949 AFE S Al EMAE, A8%7F 7148 v §o
FQ 9ot}

C AEH O 2AFSHSAR) AT WS oF 5059 A FAT} oF 1299 LS AIAY FELI L A
HlEe] Apol, SAIA 100% FUATAE, ol F25F nEF, QR 20 A2, WA W E HA7}
4§ 5 nelsd Agsithn g,

Table 18. Status Data of Similar Projects
Category Small SAT -1 Small SAT -II Micro Sat(EO) MDA SAR
Payload IR SAR EO SAR
Weight 100kg 150kg 100kg 150kg
Resolution - Strip 0.0 m Color 0.0 m Strip 0.0 m
Life Cycle 0 years 0 years 0 years 0 years
Base Year 2012 2017 2020 2022
R&D Cost W 325B W 297B W 136B W 256B
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