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BLRRIONA 95 Foiol AP 250 STHES JISH), 391 S22 95 0] 0 T
Hie QUL 2 =22 STSFAM 70 S 5 IS WAL JEOR, FE9M0| HIS &
SX0|T BERYY 2 IS BMEIC, S5 FE9 RHO| L MeT ME-ZANE

(intelligence, surveillance, and reconnaissance, ISR) & 41 SHE QJst HEX-AMBHIX| 52 HIZE
0]

of0d, Sxo| AT AMadit 2 PAS SIAE + UK =52t

Abstract

As the space domain becomes an increasingly critical theater in modern warfare, the Republic of Korea
(ROK) Army is confronting significant challenges in establishing its foundational space capabilities. Satellite
reconnaissance and communication capabilities are two key pillars of the ROK Army's 7 Major Space
Operation Capabilities' framework. This framework posits that CubeSats offer a uniquely cost-effective,
resilient, and responsive solution to bolster these specific capabilities. The analysis demonstrates how
constellations of CubeSats can provide layered, rapidly deployable capabilities for tactical-level intelligence,
surveillance, and reconnaissance (ISR) and secure communication relays. These capabilities significantly
enhance the ROK Army’s operational autonomy and information superiority. Based on this focused analysis,
the paper concludes that the ROK Army must recognize CubeSats as pivotal assets and urgently pursue a

systematic adoption strategy that integrates policy, technology, and human capital.

o] : FEAY, §E9F, 9, JABA, FAHE
Keywords : CubeSat, army space power, space operations, satellite communication,
satellite reconnaissance
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F84e 1 °1L rqum FECIAL A, 47 9IS 0l AL AYE 299 RE 8

A7k 9912, 2ol-saslol wg% o S92 B ATEASL B
o] o] AHA AV TP § 950 2444 T8o| B Fehslx k3], ol

AA =2 982 77F QHHe] A4 Q48 QIASkL 9 FHIFA0 B HAE Tist
£ Zo] @AoItH1,4-6]. Pt SFAR Rl 9572 skl Ao, =2 ATAY
T2 59l 5 S APt I A SFAAUE Aok 5 8 TS
e AdiaA] A sl A 58S d3kstar o146l

ol2fgt v HollA AT FEeHA0] AL 7H= FELI(CubeSay) 71&0] =
1) Fopo] A|2& tijte g FRAISkL Qlrt. FELELS 19999 A ot &2 HA2Y =
Fieke] 2=t 3oL Fold(Jordi Puig-Suari) W42} ARHE thsto] 95 A|AH i
04—?5:(Space Systems Development Laboratory, SSDL}E ©[Z}d ¥ EYA(Bob Twiggs)

W50 FF ATY AREE WS HAHOR AR 24y fPdo|tH7,8]. FELES A

1U@uni)d 2715 10 x 10 x 10 cm® @ FA1E 2 kg oJsk2 A3kl Ut 1U o= 20,
3U, 6U°A 12UF He & TSt 2715 7L UEH7.8l

FHEAAL HEolE AF ZHE %—r—ﬁ(commercial off-the-shelf, COTS)™} F=3}
= AT HAAE FAste] AulEo® AESHA i W AP 7hs Stk ARl ITHTIL
o= thati fVdwH(constellation) 75 Sl 71 A4 w7} A A|ARQ] wHH| 2
oJolX|A] o= EAMEY B &2(distributed and resilient) 95 OFIEIANE 13T 4=
UA Bt of=fet HH2 71 17Kty f1/do] &Y AFol(single point of failure,
SPOP)L & A-gol= FoURZ FESHL thfet Aed /A4 dFE £33 5= e A
g5 AlsRttH1,9]. A /\1]74] F8 FH AR=EE ofn] FELY] FAH] 7HX o F535to]
AE, A, AR, 8 AR 1A T TSR 1 88 Ve S BASkL /lor, i
= AEAR] A Aol FELEE S k8S ZIESstaL 5,0l et TS
'425 918 AH'E B9l BE 948S X2, 10], ‘24T H8AIA NEA'E FXIok=
S A= 914 E-8oll tiet =& 71&0]al ATH2, 111

2 A U 9] FEAY N 5 ATEL AR 88 IRk BAskE AS
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FHLVIo] WE-E Ee= V& AIFEoE T tigofA A=Y HAL: 2o, 7zt 7
ol S Frshe 7 AFo]A A7 QEA SFAPgo] A% A4S HelTH12l
Fig. 1914 Kl A3} o], 20109t ZH7HA] &t sfiofl =4 7] TAfof]l HEHE FEAHS
20139 71H o g 1 47t FIHoR Flely] AR ol $74kd Aol gtfiE 1
AL H]Go] AHAAAA FEG Atol £A A1 710l JYFSZ Aoz Hol
<=k

Sfe] A== vl=9] 'Planet Labs' &= 150717} "= 3U FEL 'Dove’ ¥4 -85}
of, A AFE v sk 52 FolAl A 715 ARCHI4L o= T 114
5 e EE E7Fet HAloE, IS B9l Al Hslels A e A9 AAl
Zro 2 motoh= 22 ithdS AAFT 5], Fig. 204 EZo], 'Dove’ FEL/o]
B3t SERtEO] wAMY AL FHE T2 A0 o= FHYS FAM- A=A TR
HojE AR 7F =i

'Spire Global' & TRt 27]9] FEL Lemur 914 EHE=2 7gsto] 15091 7] ol
dAbeloict. g3t 7idel thAl AIS/ADS-B(automatic identification system/automatic
dependent surveillance-broadcast) 541712} GNSS-RO BAAE &8sl 229 A4t
4 g5 wE 4, 714 vlolEE $3sto] wufish= HlolE H|=UAo] &8skl UTH16].

Y AHEIEE SHEEEATEY o] RSt 6U FESA 'SNIPE(Small Scale magneto-
spheric and Ionospheric Plasma Experiment, =8241)'0] Qlt}. SNIPE= AlA] F|x9] 24
3 FEY 471 HOHgE 6 SFENE SISk 2R B9t JdFE Skl
(17,18]. YetAado]A' 9] 16U FEHA 'Observer-1A'= 1.5 ma9] v|w4 s JA-
= AlFdhs 49 NS AHIAE BRE 5L 9lom[19], Dl g A(TelePIX)2] 6U 7+
B4 'BlueBon'2 Al(artificial intelligence) 2K = ZZA|AE gAoto] st JAMd|0]

B2 oI AE JUFORA A A AR AR Ak 5 AL 716 FE}

AL ATH20).
Total nanosatellites and CubeSats launched nanosats.eu
3000 === Nanosats launched incl. launch failures 2956
2800 CubeSats launched incl. launch failures 2806
2730
CubeSats deployed after reaching orbit
2600 Nanosats with propulsion modules 2526 2601

== CubeSats launched to beyond LEO
CubeSats launched in total units
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Fig. 1. Total nano-satellites and CubeSats launched [13].
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MISSILE LAUNCH
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AUNCH POINT

Fig. 2. North Korean missile launch trajectory captured by Planet Labs' Dove satellite [15].
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FHELY] AH 82 o] SR Aol u|Z| FHELY &E A= 208 oS

&8 St 4714012 AAAR] IS HojEth ol s AMlE YIS 83t
£ A dol, FELAY S E85to] nlE 95 o [EIAE TEA o= uy] 915t
AeA =egof mt F2A]o|aL US-S AJARITH21I.

u] St 5 9 uAld HojAleE(United States Army Space and Missile Defense
Command, SMDC)] 3U FHEA ‘Gunsmoke-] 2= A u] E4ZAAGHA 54
o= 8%t Prometheus Block 2" $1/d= 7IHtC & 4l BEE F715to] A4 A& Aol
A3 4 H HolHE Alssh] St 71s2 AlEskltH22l.

25 7/=HSpace Development Agency, SDA)S] LINCSE 2719] 12U FEYA4E o83
1,550 nm TH<] 33541 Hu|d(optical communications terminal, OCT) 6= AI&5IA
©om[23], ot HEA AE|(Naval Information Warfare Center, NIWC)Q] LaCE(laser
communications experiment}= Fig. 37} Z0] 27]19] 6U FEHAHOZ Fo|A BAlE A|E
SITH24].

v I+ AFA(Air Force Research Laboratory, AFRL)C] 6U FEYA Recurve= o8
8 r=(node)’t A& 21y A= o] JHE FASH= HA MEYAS] 52 AFstqirt
[26]. 1] 957 AIABEIAEE(Space Systems Command, SSCR= 'ARGSH A QA 714F Al
2AHIEWS) 71& Ald Z2 s8] ggko @ 12U FHSA RROCI-2 2 15 548 mels}
= 5 7V S 58S dHsE 7). E=3h v 3 AFEAAFRDO] 120 FEAA
‘ASCENT' & FE£1o] 2 -85 A=t obd, BX B 53 259 AFHA A=
oA 2-8&H A FHEL/oltH28]. o] dF= A HFFor FREICH & 7148 F&F
(COT9Y AE 7Fs782 dVde Holde 222 =
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Fig. 3. The operational concept of the U.S. Navy's LaCE mission [25]. LaCE, laser communications

experiment.
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SPA FELAE A Ve T, 2R3 SRl el 28 ARE AT ET.

o2 B3 Fuslol A AAA, B4, F84) B B, B8 w4
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/g5 Al(satellite communication) °3t, 95 37He] BA19A4LS ti/iZ2 AL ol A
A 7r FAFAE Fdsts 5ot A4 S4Y AeJEBAAA S A & T4 Ao

A9 ZIAI A SHE Algte]] wE S541 A5t A f1ge] tigt BEY A 5 B HAE
A}, olggt EAIE st fdll, FEAES 7129 tF SAI(Army Navy and
Air-force Satellite Information System - II, ANASIS-1I 5)°] Al &dh= 1&g wiE

E928 RYke sk AR e B4 Sue AT © A 4TS P

T A

3.1.1 XYHERUE fIet I11|0||51 S AT

| M&X oiX| YEY &txt
Army TIGER 4.0, ¥]ojZE3} 22 v]= %
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5 HE Q48 GG AL BES HH0) ofS T A SeEAE T3 94
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Table 1. CubeSat utilization for the 7 ROK army space operation capabilities

Capabilities of
P Key roles Expected effects
army space ops

, ) * Resolving communication
Satellite * Tactical data relay
- L shadow areas
communication * Building a mesh network

Maximizing network robustness

 High-revisit imagery

. ) ) Minimizing surveillance and
Satellite intelligence .
_ . . _ reconnaissance gaps
reconnaissance * Precise tracking of signals

) ) Accelerate the operational tempo
intelligence

Satellite navigation

o . ) Securing the ability to respond to
(positioning, * Providing alternative . i )
L . o enemy GPS jamming/spoofing
navigation, timing, navigation (A-PNT)

attacks
PNT)

Ensuring ground station
(For CubeSat operation) , g g L
survivability and minimizing data
reception delays

Efficient control of large satellite

* Operation of small
Satellite operations distributed ground stations

* Al-based autonomous : , o
. constellations with minimal
operation
manpower

Rapid replacement and

) . restoration of lost space assets
Space forces lift ~ « Asset replenishment

Maintaining high system
resilience

Securing the ability to threaten

* Neutralize enemy assets enemy assets
Space control

* Protect friendly assets Ensuring the survivability of

friendly assets

* Space environment

Early detection and warning of

Space domain observation , ,
) o threatening space environments
awareness * Space object monitoring and .
) and proximity maneuvers
tracking

Adapted from [29].
ROK, Republic of Korea; Al, artificial intelligence; GPS, global positioning system.

ARG A=, ZAF EE S 8 BolA o kB &2 HlolElE At Alaet W2 Al
=

7EO 7] §lo] FAHE Zlo] Walolw, Lolr} ojufst 9 Sl M 37 9ol st
i)

Ol

of#gt FAF ARl disll, A= FEAY FHL ol ddid AREIHU
(narrowband internet-of-things, NB-IoT) FE]9] 412 HHESH X gof| AlZsl= 9| 2
A5k EZE0IHH31]. vla EFRPAAR = 201349 EF 399 8 TTV|E 2HQ,
HHe 9 dojy s Hdshe 24EA B4 A8 150 FHAY Z=dH-eA
(prometheus)E 5202 2-85t0] FAH] B-8/dS AST HE 1w B2, 4 AlgolA

= Astrocast, Kepler communications 5 &2 7|deo] #l2A] d&sk= [oT ¥
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M2M(machine-to-machine) A& A3s517] sl FE L3S =0kl 9lo] 3T 7]
<9 AAdT A8/do] olv] HIEUSE HolErh 7edoR2r AHE FEY 3
Aol dErIer 91 2t A SAl(direct-to-satellite)o]] Z4AQ1 A A AAIZHlow
latency)¥} =2 G 7H/J(link availabilitye Algsh= © 7P a4l gz o= g7t
H=TH33,34]l. 5§39, Fig. 4914 HARE AAE ©d P80 8= Ado] of Aketoluh
TR0 EeEE HEYE 7 FH 54 (device-to-device, D2D)&(35,36], AAE FEHA
o7 FAlHH tFst B4 4%, 2 As £47F B2 XAXTE 59 FHE Foto] B4l

YA HE st AR AR AL 7Ms/dH &S SHekd o 371

3.1.2 M 7t EM(inter-satellite links)2 S8t HIA| HIEYT 1=

A TR AT 7= A= Aok Moy 95 FXtellA 914 1t WAl (mesh) U]
EQIFE 752 o I9HH o] HERAY 7P & A =2 A0 Utk oA Fig.
4o1A HARE RO, 48 W 914 stz A9 340y 1o g wa|E e, ISLinter-
satellite links)= B3l thE L& BAl ARE SA] $2l5te] HA HER A= 59 $lol
UFE S 5= AUtk

8 7F BAL A HAEFAC] e ERe Ak A0 TE ERE A= = ok A
£ 2o 2 EFE= A52ZQl RR(radio frequency, 41 Fukp) w43 2Rt 7]&<l

51t FEA, S EolA B4l WA & Uss 4= Stk Table 2=

HoMd, Al MY, ti9E 5 8 FEEE F Y ey AAdE BEsHA Blasto
Holgoh A= 40 U e At A= | 4 2dsto] s & Qlck

AL g ERE AWEH, RF U412 Ho| Hof Ut 2|3kl g gl 71« 4
57t Erhe o] AUAIRE FSO HHAlof| Hls &7t Lg]ar Heto] FoFshs Fuis 7+
AT & Aok ¥FA, FSO WAl Wien|E ©hel9] 2R ubge] Ho|A1E ARgStEE

FSO(free space optics, &

Large-scale Satellite
(GEO)

Fig. 4. Comparison of satellite communications: large—scale satellites vs. CubeSat cons-
tellations. Adapted from [35-37]. (a) Communication limitation due to coverage gaps(shadow
zones) of a GEO large scale satellite, (b) Mitigation of coverage gaps(shadow zones) and

enhanced resilience using a LEO CubeSat constellation.
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Table 2. Comparison of RF and FSO Communications [38]

Characteristic FSO RF
. Very difficult to intercept )
Security _ S Easy to intercept
due to high directivity
No interference due to Severely degrades
Interference )
narrow beam width performance

) Much bigger antenna size
' Smaller antenna size due to
Antenna size due to much larger
smaller wavelength

wavelength
Bandwidth In THz In GHz
) More received power for a Less received power for a
Power consumption ] ) ) )
given transmitted power given transmitted power

RF, radio frequency; FSO, free space optics.

Z0&Y-85F Hlolg HEo] 7hsokal |l Fhto] Hol ko] A9l E7lsol Fuks: &
Fol 8 gitk 12y Wik ZQKnrad) 20 28Y AjF 2234 (pointing acqui-
sition tracking, PAT) 7]&°] 85= w2 7Ied derF SAH38]

A= Fo] W2 ER= Fig 59 2ol A B9 A, Y HAxW(same orbit and
same orbital plane) ISL¥} ‘T} #=, tF =M (multi orbit and multi orbital plane) ISLZ
Us & ot 5 s, 52 A=Y IS Fig. 59 (@)9F 2ol 22 A 2 A= flojA
22 £202 H|gok= Y4 7F A2 Qulgitt. F f1do] vhA] GAY T2 FEE o
T2 Yehs] 2] ojA H|gstng F4l o] vlwd ot o A=, o A=A ISLS Fig. 5
9] (b2} o] AR thE A=t AeH 95 242 Aol 914 Abole S oJulsh,
89 BA ko] A= 22 ALt e A9 BF ZIRIE o] AL AAIF HA Y E
HIE FL & Aol BA BEAo] SHSt=AGE ZF 94 7 £, 1%, WY 50| B
o

g2t e Fuet 7]&o] 87ETH39].

i -
~ - ——
—— — - -

= \

7’ |

'/ ,» F\'
’/

\

(@) (b)

Fig. 5. Comparison of orbital configurations. Adapted from [39]. (a) same orbit and same orbital plane ISL., (b) multi orbit and muilti orbital

plane ISL.
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FELH] 24 SAE Az & of oF A, of A=W FSOISL 2 "9 =441 74
dol =Zlou /i gAlolA el Ao Sh= RF B4102 TSt FELA0NA
ISL2 E7Fs3t 7ide] ofyt), s A7-de] SNIPEE 6US] FEAH] 9148 & ¢
A UHF(ultra high frequency Z0F0}), JF glolE 42418 S-band®} HEO] HXE

g Olﬂla{mdmm) 52 Solol o %, o A RF ISLE 93 79, Fusje)
ISL 7Rs4S dFstEomd0], 2% s9) FEAHOINE olelE BAS 4B A7 9
cH41),

Hut=29] GomSpaceAls= 'GomX-4' YFE Bl 6U FEHA 27] 7l XA Nano-
Com SDRAEZEo] 9] 2}t] )3} S-band QUELE AREsd}o] ISLE A5t L. o] IF
e JXM 4,500 km A9 BAS R A= oH, 27] 28 DAOlA 750 km Az

35 PFH o FEoHe o) ATk BAE SDR AlAHIS] o224 Mo M e
6-7.5 Mbpse|H, A4 Al 1 Mbps] £=& HloJg| Zgo] o]Zo|FtH42,43]. T Yot
7} 9=9] 'Sky and Space(SAS) A= 3U FEAA 3715 ol8sto] 94 B8k AAHE 4
AR, olulA] Mg 5 A FIF A7 BA AHA] o AR Hmeh, FHA &
e 53t diold $A19] 4848 ASITH4A4,45].

3.2 AGYE 20t

L4 satellite reconnaissance)C|H, F0f 7|WES & AZ-JAoNA 714, AE, EA

5 59 ARE WA, 1, Falelel Ageke w0 q. EECE SRR ES e

T AqE ASHer 7”\16?‘31 o} A%E WA 2Aste Hip) gL Ik ol
vigo 2 IS Y49 A AAE sk T:’r(cue) £ AT AA e veal

AR S T B0 olel 0 BES Ao B Hip-and-cu
A o] MsdlA TS FThE ST FEIA 3F BT TR e 49
% itk

3.2.1 ¥AXH(imagery intelligence, IMINT) £ S2{9| QU2 SHH
ul=9] FE914 'Dove' & 3Ud YT 3 ma Bt &
O H[46], FUECF AFNAE 34 ma =S GHOE v AE, &, ¢ F4 5
0| W 7hsoittal BASHL QITH47). webs] FESE 5
S Rl A Foff X|9)au AEo] il {1R]9}F A%, o]F offof His] #&sh= |
Z3to] Qi Aot} o]2fet FELE ©ed] of7] 71E He+= '(constellation) &
doi, JwslA Aoj=le '#(formation) 2 -8 3¢ 11 X143t Heo] WA Hc}. )
H|YL2 Fig. 67+ o] S Hrh(along-track formation)2} o Hth(cross-track formation)
2 U & ATH48] 9ES 3¢ Alxdol dE= wiX|sk= o AHgS 54 AY
9 A AR 718 AR O E2 9= o5 tlARd AN (transporter
erector launcher, TED®} 22 AI7F RIZHS H49] o5 ARE FASHAY BIstE HAJs)
= o 22 IS & 4= Stk wH, of2] A= e wiX|ske Jo HoiH g
g R0 § HE XS FFsto] A BES SRR 7|E IS 949 F2

-

M rlo
y

T
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(@ (b)

Fig. 6. Conceptual diagrams of (a) along-track formation (not to scale) and (b) cross—track formation flying (not to scale) [48].

290 W9l BT 4 UL Zolk ol ol the: 9ol AR The ZEold B
GHES FHoHE 339 32 AP HHGD mappingS BHA 0]HS WSS 50
2 gAshe 5 7129 T SHoRE BASHY tRIESl A1 44e] RsarHAo)

3.2.2 M&HH(signals intelligence, SIGINT) & s29| HUM X|AMHS &H

SIGINT ¥5F+= T4 9] 5412 743H= COMINT(communications intelligence)2} |
19 5 v|BAl Aups 54 /8245K= ELINT(electronic intelligence)® 7838+ 4= JtH50].
T AF B QHCEE SRIT 4 gl A9 7Y FEE 42 4 St ols FHEY
AHAQ] B8-S B9 =g EE0]1 A5 YX] 0] 7hsottt= Aol k. FE
A FHY 7P & AREE o BAl SAlo] o3 At A 91X 4 5 Utk
ol2{gt X574 41| thiAQl Y= Fig. 70 HAFE TDOA(time difference of arrival)
2} FDOA(frequency difference of arrival® A& 4= Itk TDOAE Fig. 79 (2)2} Zo|
BYS 457 o] Qo] sk ARE AolE SAste] HAE S5k WHAolH,
FDOA% Fig. 79 (b)2F 2ol 914849 At &=l wet Defil= 34 Ajolg EA4st] 4
oUo] YAIE Alitsh= defoltt. HawkEye 360> #A4F HIAIH 34719 91/dS WA= &
&35to], AIZRHTDOAY 1k ZPo|(FDOAYE #4138 A A5 A& & 2
Hel W2 AgstA Aldsivl= AHIAE AFETH51] o719 B, 'Lemur’ FEE 34
< +83h= Spire GlobalZ AEHALS) ¥ 3371(ADS-B) 4 Hol, RF AHER HUE
F& % ZBA AR AH|IAS A3 Spire= 4-16U9] 914 ERE-2 AREoto

%

¢}

Aoz vl F2% YRE AlFdle 58S 25l lrH16)
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(b)

4. S FHYY HES Yt YN Y

S Aollde 9142 B4 ol E8% 188 Aot Weke TAd e EATH
T2 ol2fdt Aol dAA]l dRgor 243] TdHY| AsiME, ol sk
R ox|e} 71eH I, 1?41 =R s Al 7HA] 4 247} REEA] s
ofof gt} wEkA & oM 8 Fol 24gHdE AF o= B8] {3 Yook
o g I e A, 7]%, /N Y Al 7HA] SHollA AA stz dict.

SRR A EeA(ERR /14 AaTt Algsith S8 H ol §4 ol
U 7138e] AgEo] ofyd, A 99 S ZFSE BE A 59 SHiE ol 4
Q4992 Hae] AJgof sttt PNT(positioning, navigation, timing) 2719 Z|of =9
A7} Ftolx, 9 TlolE 7W £ 587 AA] 8ol A QFAFARS 285k o
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Table 3. Comparison of military utility: conventional satellites vs. CubeSat constellations

o Single large—scale satellite CubeSat constellation
Criteria
(legacy) (proposed)

Avg. 3-5 years / billions to tens
Developmenttime/  Avg. 8+ years / hundreds of
of billions of KRW per unit

cost billions of KRW per unit [2]
[8,11]
N Highly vulnerable as a single Highly robust through
Resilience
point of failure [1,9] distributed architecture [1,9]
Catastrophic; capability is Limited; capability is rapidly
Impact of loss _ _
irreplaceable [1,9] replenishable [1,9]
) o _ Direct support to tactical
Tactical Primarily supports national/
_ _ o echelons under army control
responsiveness strategic-level missions [1,10]

[1,11]

KRW, Korean Won.
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