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Abstract Radar is an indispensable asset for modern warfare as it enables the detection, tracking, and
identification of the enemy based on reflections of electromagnetic waves. The ROK Army operates
various radar systems, including anti-artillery detecting, local air defense radar, and low-altitude radar
systems, and the military is developing radar systems for Korean fighters (KF-21) and division-level
anti-artillery detection radars. Cost analysis is a prerequisite of weapon system acquisition because cost
underlies decision-making regarding alternatives (R&D or purchase) and contracts with developers. In
this study, True-Planning, a cost analysis software package, was used to estimate R&D and production
costs of a radar system. The process involved establishing a True-Planning S/W environment, a Product
Breakdown Structure, and input variables. Cost analysis results were verified by comparing them with
actual costs, and these comparisons revealed R&D and production cost errors of only 4.1% and 1.1%,
respectively. This study is expected to be used to estimate the future costs of developed and acquired

radar systems.
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Operation and
Control
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Antenna
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A-RADAR System
(PBS Level 1)

Vehicle
(PBS Level 2)

Power Generator
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Fig. 1. System Diagram of "A RADAR" System

3.3 “A H0|E” PBS A

71& AESA #lo|t] B84 HA 7t AP 7H
APAZAA o)A FPE ), B-LEA Swol A" A
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AASt PBSY Level 2& UERH Zolt}. SystemOZ
A glolE"E T3 11 ofFff QU 28FAIEEE,
ALIPEA], AFRE W82} FJEth Assembly?l
e, 28-FAdE R, WA= 5ty v-E4
ALY Hgeg 779 HEAERIF FAHEHAUL
H/W COTs?l AR 4871450 = ot Hl-&AA|
7t gitt.

Table 1. "A RADAR"s PBS by Level 2

No Level Name Cost Object
1 1 "A RADAR" System

2 2 Antenna Assembly
3 2 Operating Control Assembly
4 2 Power Generator Assembly
5 2 Vehicle H/W COTs

3.4 BEWS U

Table 2= 8 TEHFET 11 Y HoE
A Flole"es =W A FolEol=2 %7K Country)2t
E7M5E(Default Escalation)2 $Ho] fgdsk= A
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Hu]&(Overhead)2 2023¢ WAPY ®AF Aulgat v
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AP 71& =RgE A8tk =5 Hl= W, Sutopo
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Table 2. True-Planning Global Variables

Category Value

Country Republic of Korea

Republic of Korea Escalation

Default Escalation Table

Development 2011-07-01 ~ 2017-06-01

Production 2019-01-01 ~ 2025-12-31
Overhead 130%
General and Administrative 7.00%
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Fee or Profit 10.00%
Cost of Money 1.46%
Time worked 1,920 Hours/Year
Management 00,000,000
Labor Business 00,000,000
Unit Cost
(Won/Year) Production 00,000,000
R&D 00,000,000

3.5 HIGHAY Hage

3.5.1 “A 20|§” System

System®] =8 ¥R E= AAIE 43(Num of Prototypes),
G4 d=(Num of Production Units), <83+
(Operating Specification)o] Jtt. AJAIEZ} A o
o= ohEEC] OE HE 3ol %= £ 2884
< BE =Y 34 5o OE Hl8ol FFZ S
Table 3004 &R1% 4= Slxo] AAIEEZ 1H&E F45t
of YHSIA FA = AA| 9] "A FlojH" A

ol A= TRMS] PBS Level <=Aof wet 2+ Q<o
it de FHsHAH.

=2 0=

Transmit Route Budget

T6F2023
HMC451 CHAS014 CHAB100 TGF2023

[ Hro Dpmt—>>>— | L

N

Recieve Route Budget

X15017 XL5017

Fig. 2. The Budget of TRM(-H. Im er a/[10])

Table 4. TRM's PBS

A& ug} AH5tE] BokS TE5le] "00" o2 H7|5) No Level Name Cost Object
Gk A ol Mg doldeluz LS 1 | 4 | TRMGA Assembly
True-Planningol 45k= w8 ZVHGround Military) 2 5 RF Circuit Module
;g—t]]oﬂ 6“1%—3}%_ ]ﬂ/\%}% ?Jiﬁ]'&’i‘:}. 3 6 LNA MMIC Micro Comp
4 6 PA(TGF2023) Micro Comp
' 5 6 DA1(CHA5014; Purchased
Table 3. System's Main Variables and Inputs ¢ ) Hrenase
6 6 DA2(CHA8100) Purchased
Variable Input Option 7 6 Phase Shifter(PS) Purchased
Num of Prototypes 1 8 6 RFA(HMC451) Purchased
Num of Production Units 00 9 5 Power Circuit H/W Comp
Operating Specification 1.00| Ground Military 10 5 Control Circuit H/W Comp
3.5.2 BIEXIESSEAMZEH|(TRM) 3.5.2.1 RMFIM=(RF), ™Y, MO 322
TRME AESA #lo|ele] 53t 7hzo] 7bg & gy TRMS 73k 3714 8= 5 71 St =2
g FE WyREQl U e PEEg Aug 2ye  RFEIRS 28 VA 98 AEs.
2 89l0] Qe 27] HlgFRANA TRM H18-E &
A 9] 7HAE HlEr o 2 2=AF}= Zo] BEAFA Q] vl Table 5. RF Circuit's Main Variables and Inputs

olct. AR 2 AoflA "A glo]H"g AAE 9[10]
9] TRM ¥4l 7165 58S HIE o= AR AF8E= ot
QRES =359k Fig. 22 B "A o|d"9] TRM
9] EAZFak4(Radio Frequency : RF) 32+ 2719
A™ESSZ|(LNA, XL5017), 6719 AHZZ7|(PA,
TGF2023), 2719] #-55E71(DA, CHA5014, CHA8100),
QA7 (Phase Shifter : PS), 17§9] RF &&7]
(RFA, HMC451)Z 49 A& gRIg &= Qlrt. 0|7
AR Table 49} Zo] TRM9] PBSE A5} o
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Variable Input Option

Length(cm) 21
Width(cm) 17.65
Number of Layers 6
Weight(kg) 0.9

Board Type 5.5 Gallium Arsenide

Package Type 3.5 Pin Connector

PoND 50%




fill‘

Fet7|&8sl =24 A25d A6E, 2024

g9l 9 WERE Table 5904 &I 4= Q1%0]
Zo](Length), Y¥|(Width), AlE5(Num of Layers),
FA(Weight), HE FFBoard Type), 7174 =4
(Package Type), AlT+EAH]E&(PoND: Percent of
New Design, °]5} PoND)°] Jt}.

dole} e A, w71 Al AA g2 Jsial
oh HE= &4 & Foly HE 7|Ho g WY 7150l
58 ZAFHA(GaAs)E Aok Aol Zets] sidst
= ¥ dgsiith. 84 True-PlanningoilA Al
F8= AESA #lojtl TRMO| AZ 4% 107101, "A
gloj5"e] TRMY] 7% AY3|Re} Aloj3|=r} A%
T BEEE fxol7lo 6749 AS 2 4 JHstA
o} B4 PCBE 30%Y Al AA H]go] H-E&=} "A
glo]e"9] TRMZ A3}4E(elst GaN) 227} ARg=| 1L
71& TRM3} 1 327} tt2r} o] 4o 7I5tsl d&
3 9604 AAITE AAAEE 7120 50%~70%S
AR5t 9o et Ql8lolA Y BAgHE &89
HE 50%9] AA vlE&Z Y=t Table 63} Table
72 2 AYIE9} AR FUY WHpolth

Table 6. Power Circuit's Main Variables and Inputs

5} WoS), AR} FAI(WoE, Weight of Electronics, ©|5}
WoE), TFAIRERE(MCoS: Manufacturing Complexity
of Structure, °]3} MCoS), AAAZEZE(MCoE:
Manufacturing Complexity of Electronics, ©°]s}
MCoB), A28 1&(PoNS: Percent of New Structure,
o5} PoNS), AlTFAA]E(PoNE: Percent of New
Electronics, ©ls} PoNE)°] it}

PCB2] WoSe Okg= AA35IAH. PCBO #A= 11
F27F B8R gthH WoEERE o]FojZlth, WoS7t
OkgolE=, 72 T ¥4 =2 I35k oth. WoE
= AL 0.45kgE YoIUIL MCoEw 27 €3]
22} Aojg]&2o] sgshk= True-Planning F33k<!
6.33} 7.367< 4Hstart.

3.5.2.2 RF2IZE otEE(Micro Comp)

3lgo] AR BEC] BlEE =9 & = Micro
Comp?] 8 W4EE= & F3(Comp Type), &
713 92 (Comp Type), © 7H&(Num of Pins), Al

olE 7§>(Num of Gates)”} Ut}

Table 8. PA(TGF2023)'s Main Variables and Inputs

Variable Input Option Variable Input Option
WoS(kg) 0 Quantity 6
WoE(kg) 0.45 Comp Type 4 Transistor
MCoS Comp Packaging 3 Discrete
MCoE 6.3|  Power Supply Num of Pins 14
PoNS Num of gates 1
PoNE 30%

Table 7. Control Circuit's main variables and input

Variable Input Option
WoS 0
WoE 0.45
MCoS
MCoE 7.367 Transmitter
PoNS
PoNE 30%

RF 329 NG A #E F5517] of=g] EA
A& Eo7] 9ol BAER MLEE 4T + e
H/W Comp HI&ZAAE AHESI3ITE H/W Comp] 5
9 HE4EE Z2Z BA(WoS: Weight of Structure, ©]

Table 82 AA] "A #o]t"& TRMS| RF FJ=2o] Ak
25= TGF2023°]8k= GaN Discrete Transistor2]

ol

Table 9. LNA's Main Variables and Inputs

Variable Input Option
Quantity 2
Comp Type 8 MMIC
Comp Packaging 1.5 Pin Connector
Num of Pins 5
Num of gates 8

sike] TRMO] 67171 AH&5H, Datasheet2 ralsy
o A4 1470, Gate B4 1705 YHSIYL Discrete
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Transistor®] d@sk= ¥E73, F2H714 W4 =4
% 49} 38 217 IE5i9itk. LNA MMICE PA(TGF2023)
T} 28 =82 Table 93} Zo]| YJ5k9ith

3.5.2.3 RF2|Z2E o8 E(Purchased)

AR ArtEE & ¢ SheF-Eo] el Al
 7HATkE 8 W4E Sk= Purchased HEZ4AE
ARESIT AA| 7FAHEE Table 103} o] Y3}k

[SIASN
AT

Table 10. Unit Cost of RF Circuit's Purchased Good

Table 11. Transmitter Assembly's Main Variables and
Inputs

Variable Input Option

WoS(kg) 11.8

WoE(kg) 17.8

MCoS 7.61| Phased array(10Ghz)

MCoE 6.71 Transmitter

PoNS 30%

PoNE 30%

Table 12. Receiver Assembly's Main Variables and

Name Unit cost(Won) Inputs
DA1(CHA5014) 83,200 Variable Input Option
DA2(CHA8100) 60,000 WoS(ke) 19.33
WoE(kg) 16.5
Phase Shifter 525,000 MCoS 7.61| Phased array (10GhZ)
RFA(HMC451) 410,000 MCoE 6.18 Calculator
PoNS 30%
~ . . o PONE 30%
7= "A glolH o) AMgE AIEES 5 ¥
Aot XHE GHIE 9P W77} ARSE = AMES & &=

A, webd olo] Shgeks 4R3Il CHP3015-09F
o AR 525,009 Al Yo

3.5.3 TRM 2 2 =0 7HLE

35.3.1 SAZEH ¥ SHMUXA

SAZBAL} FAEHA Y FAS S WoE= o
ARE 5 J27A9 el 17.8kg¥ 16.5kgS 42
Aot 1 99 FAE WoSE U=I Ae=
Table 113} Table 1204 ERI% 4= Ut} MCoS+=
A g oIt 7t 9.6GhZ 459 AESAH|IE Q] H&
Zrasto] FAoA AlFsk= 10GhZ Vg olT
MCoS %< 7.61S 4ttt A2l MCoE
= 8 SV sfidet= w4l 6.71E A=siuTh
FA1719] 49 True-Planning®lA A&dH= AX}; 7]
H B 81eg Yoy BERghE A 5= e
Electronic Function Calculator® 8319t} 441
719] st R J2E 7|5E=E FRIgt & FA HE&=
ALkt Azl Receiver 70%, Signal Processor
30%5 d=stolth. olo WE MCoE AM&3t 6.18%
HIH R st At F2AA v&T At A
AEA vE BF & NEECR B F8EE 30%
9] k& 4ttt

A

=
[
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3.5.3.2 REHE(H/W COTs)

"A glolH"Y] AFR= AA TG obd YEY
Aol A AZgE gEA|Folth. wEbA, BHEAIES] v 5
A 4 3= H/W COTs H[-8AA 3L 285kt
H/W COTs: 8 w¥42 uigt 7F2(Unit Cost)t
FZHGH[E(PoSM: Percent of Structure Modified,
o]5} PoSM), HAPHEHIE(PoEM: Percent of Electronic
Modified, ©l3} PoEM)S U3h= Zlo] EAo|},
Table 14% H/W COTsQl }ek5o] g w2e} oI
Foltt.

Table 13. Vehicle's Main Variables and Inputs

Variable Input Option
WoS(kg) 13,880
WoE(ke) 120
PoSM 10%
PoEM 0%
Unit Cost(Won) 512,796,157
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Table 14. Cost analysis result of "A RADAR"

Cat Estimation Real Error
aresory cost(Won) Cost(Won) rate
R&D Cost 27,413,936,490 26,330,000,000 4.1%
Production | 79 381213 6.867.399,701 11%
Cost
TRM 19,722,375 18,945,000 4.1%
Transmitter 170,909,010 162,507,529 5.2%
Assembly
Receiver 780,938,532 658,964,383 18.51%
Assembly
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