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The loss of control of a military unmanned aircraft
system (UAS) may cause third-party hazards,
protected-area intrusion, and damage to friendly
assets. This study examined the design requirements of
a flight termination system (FTS) and its application to
domestic military airworthiness certification. Based on
MIL-HD,BK-516D, and RCC 319-14 standards, key FTS
considerations were identified as independence,
single-fault tolerance, reliability, response time,
prevention of inadvertent activation, and verification of
post-termination behavior. From an
MIL-STD-882E-based system safety perspective, lost
link, navigation anomalies, and GPS jamming were
also reviewed as major loss-of-control hazards. The
results indicate that return-to-home functions alone
are insufficient for risk mitigation. Therefore, risk-based
tailoring according to operating airspace, flight energy,
proximity to protected areas, and shipboard operation
is required. Finally, an airworthiness certification
approach linking design requirements, risk
assessment, and compliance evidence is proposed.
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Table 1. Functional elements of FTS

Category Description

Decision / Determine termination conditions or initiate
Initiation termination command
Command / Execute termination through onboard logic,
Logic Path internal interface, or external command path
. Activate the device or function that
Execution . .
terminates flight
Monitoring Monitor power, link, receiver, and system
status
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Table 2. Types of FTS

Type Description

Command Termination initiated by external command
Termination (Ground-controlled)

Automatic Termination initiated by predefined event
Termination (Event-based)

Fail-safe Termination initiated by loss of power or
Termination command link (Fault-driven)
Autonomous Termination initiated by onboard decision
Termination logic (Self-initiated)

Table 3. Implementation means of FTS

Means Description Key Consideration
Propulsion Stop engine or thrust Residual glide or
Shutdown generation motion

Remove or disable flight Post-

Control Disable

control authority termination behavior

KNST
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Table 4. Key FTS requirements

Category Key Requirement

Protected area safety, irrevocable

Functional Requirement S
termination

Termination Thrust disable, no glide / no
State autorotation
Reliability >0.999 @ 95% confidence

Single-Fault Tolerance No single—point failure

Aero Force non-recoverable
. ; Impact path and
dynamic descent by aerodynamic .
R descent behavior
Termination means
Destruct / Break structure or

Fragment hazard

Charge propulsion path
Parachute Reduce descent speed Deployment
Deployment and impact energy reliability and drift
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A AT AR 2. H Y=+ Fig. 19 ¥ UHEQ]_é(risk matrix)
Uol7} AFTUE 9ISt |4 27) o] 9] E9H &4 £

9 (tracking sources) EH, &A] AZE ojo o

EHAS(IV&Y), 123 12 dB ©]/4F 2] RF P2 HH =

QF= FTS7F 97 541 wetko] FAsfof g2 AJA =

Qtt}. 0|9} A 2%, AF, AR TS ZESH=

o

g7} w H %(hazard) L XUS 1912 UAS
U SR RS BA A e eg
=

—_

iz

3t A A} A3} (consequence)= | YFo] 4
oAM A3A 5 RS Ao v ogF &

| ol 4de7d (MPE) O A 9] A A QAF AlFZ, FTs A &7 ¥}
7F 9] B AZoAE 23 g E At S HYSHAH
A4 AT PojHow 7158 4 AeS ST
Iﬂ 2> :{ robabili
T ﬂ% O]T:I—' s wlty‘ Frequent Probable |Occaslonal Remote i Improbabei
everity | |
| |
Catastrophic | |
4. QY= BT YA B S ==
Critical
_ . —
4.1 MIL-STD-882 7|HF UAS ¥d & F7} Marginal
Negligible
H P F A AR (FTS) S AFAF A2 714
7} 8| A v 3 Arejof] A AWE ) WY 7155 A Fig. 1. Risk matrix for UAS FTS application
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Table 5. Example of MIL-STD-882-based risk assessment for UAS FTS

SEVEIY Probability

(Example) (Example) Certification Implication

Hazard Representative Cause  Expected Consequence

Uncontrolled Lost link/ Nav fault/  Third-party casualty /

flight FCS fault Major damage Catastrophic Remote Independent FTS required
Protected area Off-course, GPS Public hazard, Range . . Termination logic & timing
; : . . . —_— Critical Occasional . .
intrusion jamming / Spoofing violation analysis required
. Single—point failure, Redundancy, FTA/FMECA,
Failure of . .
Co power loss, software Hazard escalation Catastrophic Remote Independent power / Path
termination :
fault required
Inadvertent Single-point failure, Mission loss Safing / Arming logic and
- EMI, Bent pin, False . ! Marginal Remote aling 1ng logic
termination Unintended crash inhibit design required
command
Abnormal flight Nawgatlon . Unintended Qescent/ o . Autonomous / Fail-safe logic
. . degradation, Failed Impact outside safe Critical Occasional e :
continuation verification required
recovery mode area

966 2026; 9(3); pp. 963-968 Journal of the KNST



U
%0 L
i) Fi
o

Jin
= 3
ol é O_-?:L: r\] l-['[
> 3
o o

jur)
=
E
o >
@ o
o
4
o F‘lN

> oox o el 9
o 9 =

N DN >
RO
9 o 4o o,

1O Mo oy oot m o

2
o] 23} FTs7} 8 78},

o

oo ok i o
19

ox

ol
=2
x
0,
_‘NJ
ol
i
ftjo
4
2,
ol
S5
rir
N

Jo

d

e
o
o,
N,
rot
ojM
kl
H1
ol
1,
9

oft
ur N
c
>
wn
o

o St} Wl @RIEY B7HA Aok By 9
(FE-d8)d 5= A
A

S B39 A 034 3 A
2 Ferol v} S|4 2% (ditching) S %

[e)
oA 529 594 ALUPFRAN

tional integrity)2 7% € A A 59 7153 A
9e 5o A olof Bo. A, W W, AA 2
% = ot 8 20] B3t B2 22 (physical sepa-
ration) 9} TH5- 817} 8HQl Ef of of 5o, S 4 A|of 7]l
AFTUE AAY, ALY Zdh(dropout), YA =
(watchdog) 32 A5, AA| A A (self-test) 22|
=2 25354, 45,

O
of #3H B AL FaloF et
]

)
9
it
ol
o
olN
<
Qo
=
M
e
10
ol
o
o
¥
=N
c
il
sy
fol ofo |H
ox ol (m

>~
)
[
>
0,
3=]
i
)
o
fu
4
ot
i,
9,
o,
ey
Hu
B
>

Bl LAt

fr

2
5.FTSZAA 18|84
5.1 U] LB AFTA B4 8 A A

UASQ] otd 22 A3t 9 9]
A Lo A A A AA Y AEA el

U

N
iy
(i
iu)
o

(S-100) Al | & = A
oA GPS it 74 o] A7)
5 Ao A A5 EH (return-to-home) 7]50]
F ARG BFLRE VA E FETT ACE By
ATt o] = 1 3) Fig. 29} o] SAIAFF(GCS) o] A4
w31 17 o 3 71 A 5t A TH1].

k1

it

[
oA

olet A FRE AT AU & =& A oA T
FAFSHA REEE I Gtk 2024 49 13
(s-100)9] S &S A FO 2, 1Y §F FHF
7] 3] (Heron), 129 Abeh 4 &F<Q17] (KUS-9)2
2 A7t Qlubeh Aok ek, 2AF A3t A9
Aba7F Grs W F AA E Y o] T o E Y
3 B4 EFOZ A5 1A 7L BA B Aol whxl
20 &2 ZRIE At 6]

o5 A7t F BEAY AL DAY L
Aao] A A5 E A BT gkso] ofyn, @38 ¢
S 7151 & Yoke Holth

5"‘ L 1) o
i”rkEB! s

© 21r£-INI 301104-2RE

Fig. 2. S-100 accident and burned GCS[1]

w2tA FTS= 7| 4] HEH T A| 3%} 9l of< AH4H
Hf A S A 2 DA oFotH, e
(containment area) I o] YT off v P
SA A F5E 7 A= AFAST Ao =9
A HdE Qe A ofok ettt

U & UAS AIRIF A= 444 1 &3}
Aeie 22E A = 719-7F A 9shaL
R ES 2AH Eago BHA s 2 E A
A A oF gttt

AA, =A U7F FAFE71F(JARUS)7F A A -E
EX &L H7H(SORA, specific operations risk
assessment)?} &2 H/4- 4T 293 B7F AAE
& F7IA A BA 44 (tailoring)sto] &8
a7} 9tk SORALE 28 S RFota &3t

e

2

2]
o

l_.

@ (mitigations) & & 25} §] £-88 Hg RO,
JBH oz 7zt 2ely] e8] 2o wxoA 9l

oH7I.

Journal of the KNST 2026; 9(3); pp. 963-968 967



SetA aEd A (;ammmg) %’4‘%, g
2 g, :La

& 415, SORAS] 4] 7t =<
=& 49 S5 ot EHE AT 7
NP7t B’ R 315 5} of of e},
EA4, u]ZFA Z A EE3] (ASTM International) 2]
ASTM F3389 EZ0] A H 35 2507 & 4

oo X & orlo B 2 ox

|
ol
o

£4 Bk B e £elo] a7t of RS v
%0l ol7|7} A4t Q1 YTt 2 ET A WY &
4} (blunt force trauma) 39 7S FAFZH o2

Brhste B2 ABUHs]. £ vASE £F%
Z 97N AFol GFAEE, FH ol 7

A E£2 el g o JA F, S5, F A
5 U FTS 25 o] 9 27 SIo12 B O A4
T 5 Ak Y A5 95 212 Aok T 2

o]

= & FAFZ7IAA (UAS) Y] FA A
J A2 et 79 A S o
|22 (FTS) 9] A7 87 =9

A 3
T 2 APUE A8 PAL AEA T BE2FT
ol

[

SAFH 21l
s A A Aol e +9 %@4 A3 95
=z gdid 5+ A5S HESHA. o]of what =& UAS

i

AT FTS RFES H§5 HekE 28 3,

A, Re1e A¥A, ATUE 9 3 2§
aHsto] FTSS] 2§ of ot 7& 5L A
EG kL PEE DT
O & I & UAS AFRIFoIA = FTSE
L8 3lA4o] dAHE A QAo R
AaT, 9887 L AS5ARE AAH
A a7t Aot FFol= SORAY] &89
708 2 ASTM F33892] 5= 93l 871 7id
S =& SA40 wA Hesto, 715 E A
FTS 28 7123 A% 4% 448 7A s

on 8 = L
i mlm
&

" .Lu OI‘

}v7

HﬂéﬂMUﬁ«lEoS":'
N

—?l“ol'r
o
“mﬁL

u&l

oo It rR

c
>

Loz omo oot [o o N
NE[-;{J[:[EHU

[1] J. C. Park, ‘Three Casualties After an Unmanned Aircraft
Struck a Control Truck,” Kyunghyang Shinmun, 2012.05.10.
https://www.khan.co.kr/article/201205101734091 (accessed
2026.07.13.)

[2] Defense Acquisition Program Administration (DAPA),
Military Aircraft Standard Airworthiness Certification Criteria
(Part 1), DAPA Notice No. 2024-6, 2024.

[3] U.S. Department of Defense (DoD), Airworthiness
Certification Criteria, MIL-HDBK-516D, 2026.

[4] Range Commanders Council, Flight Termination Systems
Commonality Standard, RCC 319-14, 2014.

[5] U.S. Department of Defense (DoD), System Safety,
MIL-STD-882E, 2012.

[6] Newsis, ‘Even the KRW 3 Billion Heron Crashed: 48
Military UAV Crashes Over Five Years,” Dong-A llbo,
2018.10.17.
https://www.donga.com/news/Politics/article/all/20181017/92
443387/1 (accessed 2026.09.03).

[7] Joint Authorities for Rulemaking on Unmanned Systems
(JARUS), SORA v2.5 Main Body, JAR_doc_25, May 13, 2024.
[8] ASTM International, Standard Test Method for Assessing
the Safety of Small Unmanned Aircraft Impacts, ASTM
F3389/F3389M-21, 2021.

968 2026; 9(3); pp. 963-968 Journal of the KNST



	무인항공기 비행종단시스템 요구도 분석 및 감항인증 방안 고찰
	Abstract
	1. 서론
	2. FTS 개요
	3. RCC 319-14 기반 UAS FTS 설계
	4. 위험도 분석과 감항인증 적용 방안
	5. FTS 감항성 고려요소
	6. 결론
	참고문헌


