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Abstract|
2|2 HIQUZE 217 |0f| 2|5t (0] S7Fatol| et

counter-UAS HA0IA = BR] & AlHE0LOFL|2}
PIELIIRI S QA A YL S280| T AR
ACE J2{Lt 7|2 At B S SO0 ARt
7|0 22 242 F10 U, AP LI 2otE A
iS4t MEfO 2 AASH= S80I oArAY

DY URF = Mo R BSEILE 2 =20M=
CHEAIN HEot 28814 YHE T[HIO 2 2Fg
HIteta, S M3 2! oFM A2 S aiot=
FIEE7L 7|8 counter-UAS TS 2AHZ Y

I UIE MG ESHHE 28 ALIZ|RE
Soff Ao =2 AT 2| Mg Aatet 28 Hoks
HIAIGI AA| counter-UAS 28SH-40(A 2| 48
ts88 HEotict.

o
As threats posed by unauthorized unmanned aerial
systems (UASs) continue to increase, counter-UAS
systems require not only reliable detection and
identification but also effective threat assessment and
response decision making. However, existing studies
have primarily focused on improving detection
performance or threat assessment methods, while
integrated decision-making frameworks that connect
threat assessment results to response selection remain
limited. This study proposes a
threat-assessment-based counter-UAS
decision-making framework that integrates
multi-sensor information, operational context,
response authority, and safety constraints.
Representative operational scenarios are presented to
illustrate the application procedure and potential
utilization of the proposed framework in practical
counter-UAS environments.

F217| ti&(Counter-UAS),

IEHIHThreat Assessment),

o2 oJAFZE A (Response Decision Making),
CHEAMIM 88H(Multi-Sensor Fusion),

O|AEY T} 2 (Decision-Making Framework)
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29t A EE o]-&5t9] counter-UAS A A 9] 4 8 n ¥ AE Attt Al4go A= AlEd el A
< Bt = A= AP AH[6,7]. 2 AR B5H7 S AASHH, A5 A= Al
= oA AAPH} FEAEE YA FECE Y old AME EATH. vpA o R A6 ol A
Agsto] 7719 fdsES T2 Hrhst AEZ AATH
2= AF7F A= AT 8].
dY 71E A4 AR Aeold ABSE 5 counter-UAS S o HEA 8 Ab}
Aol vlsl], A A= E AA ST Age
2 AZst= gAEAR 25 85| AAISHA X5t 2.1 Counter-UAS H| A 9] LA 7} &84 3}
I At 55| =7 =E S E t-& ko] fiAY
Autd 9 Raulsf 9ol & B0l AA d& Counter-UASE HIRIZF FRI7|E EA|5taL A4
= Algtsfiof ettt Bt = fE =7t St HEoldE T USE A5 AT S BolA AR, dutA o
T BN 35 7F 511 A Zko] &t Al 2 =X (detection), 4] (identification), FZ
&3 gl o5ttt vl AT F A S AT (tracking), ¢1gH 7} (threat assessment), ™-&
&FZ 7] 9 A] counter-UAS 280 A €¢ 37} o} (neutralization) @A 2 LA H}H[1-4]. 27| coun-
Yzt 39 kg, &8 AR A GE v AE ¢ ter-UAS oA = ZF dAE 594 Q 7|52 =
-3 EAAE A L sfioF = A A SHAL ATH[9,10]. UF= 497 gRoy, o= A5 t87t
WekA counter-UAS W& QQAEA 2 T4 23 A9 S st JAEY AARZ Sdot= UF
S disrdo= Ay A48t Falo] oty 2, AlA O = gk it [2,4].
ESAAAT JFAHEE ol&3t A E7L A< A @A A= dolth, RF 2417], EO/IR 71
A HAE L g d Aol &AFor AAH & SFAALL L2 o] A AMAE o]-&sto] F
Z 2 A7 = ojoF gttt A7 2 & A . 7 A A = &7 of whet
2 =RoA = s BAYES} &8 1 AR OGEARHES 7N BEE dd Ao R =
£ o]-&3sto] 71719 AA+ES F76tL, ol & 4 BN B ARJN FA JeS FHSH7] ol Ht.
At tf35d A9os Adst= AFEH7 7Iut 2hA] 2| counter-UAS A A= & AA Y AHE
counter-UAS t}-3- QAHE A | A ZE A Qtettt ssoto] &HA A g FHA 7= bdsAA F£
At A as FU71Y A&, 59, Bt 4 E 712402 A-85Hal I HH1-3]
44 2 A7 11342 B7tete A€ 87 ASH A 7142 AE 9 34 GAE AXH FHPE
H| 52l of 7, o dgt 5 &+ d #4105 7Hs QP H|PEA S ATt o] oA = HAL =
d= AESt: H§ Al°|ER A o|F B T 9 Y 22 258 JHEE ofY g} RF fin-
A L2 -2 Aok Ao upaf 32, F71591, & gerprint, EO/IR &% %, radar cross section(RCS)
L 73 5 AAT N SHAE 2. 5719 AF & 5o ¢ = ol AH =
At HHel 8 EAL thFAIA Y A=zt A ot 28 F4E Hol 72719 o=et A EE
FHEE Zodsto] e Brleka, f9E7E #wuHsh A V|2A R R %%% [1,2].
o tf &5k Afolof At HEGAE A& J2y AA| counter-UAS -804 7} 525
i, S 24E 49 4 A= 276 F2E A SA = "Al o] 39 9 ‘”“’37}9} -sZ24olt. 54
etk Aotk B3 223 YE AUH R E 7] ot g4 2atEt e Rt A, JE&5E, H
Hto 2 QI B7F AL oty JAEAE A AA| P e & LG et A A2 IAA G
2 B EE D S+ ES °ol-&sto] AT 244 &= Qlth T3t 51 7HE FRl7] 9 vRI7E FRI7IE
9 J5= et T2 5 A] 6& FHNA S244] &&= A
2= =89 F4L2 92y Zo. AAdA = 58 AFSHoIY HAALE 2HE 5 3
counter-UAS t-§ QJAEA 9] @ FAIGS &A4st o whEhA 2 AFoA = FAZH] AAEG o] &
A 3o A= A¢tst= AEE7F E dSs+d A o] &3t APt S AAEA Y T840l H=
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R = ]l 4,5].

FAAS} ICAO= counter-UAS 28 A] &% Z 7}t
02 Y gedS ZAMA = < HH, H PSS
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Multi-Sensor Information

}

Information Fusion
& Context

|

Threat Assessment
(Intent, Capability,

Proximity, Urgency,
Sensor Reliability)

l

Response Decision
(Observe / Verify /
Contain / Defeat)

!

Continuous Monitoring
& Feedback

Fig. 1. Proposed threat assessment-based Counter-
UAS decision—-making framework
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Table 1. Threat assessment parameters used in the pro-
posed framework

Category Input variable Unit Description
Flight path, approach Hostile Flight
Intent L -
angle, loitering pattern Intent
- Flight speed, payload m/s,  Damage Infliction
Capability capacity, endurance kg, min Capability
Proximity Distance and closing m, m/s Accessibility to

velocity Protected Assets

Urgency Estimated time to target S Response Time

Urgency
Reliability of
Sensor Radar, RF, EQ/IR, and _ Threat
reliability acoustic confidence Assessment Input
Information

Table 12 At IH B/t Blof A HE Fa 9
HaicBed 99lS Yeich 4 ggte Az
U2 W99 ¥AS B IFE ALY Ao oo
A 1Abol9] gro g sttt o] Jo s A%
W the 3} o] A4katt.

T=wld+w,CtwpPt+wyU+wpR €))

oq7|A TE FHF =2 A FXY gholH 0=T=l
g HAE A=t ,C, P, U E RS 77 13t 9
T, 58, 438, A 1548 AN AFeE Y
Ef 2 grolth. wy, we, wp, wy E wre
A4 S2EE Uetd= AR
Fl=in=

flo 19 g

w;twetwptwytwyp=1 2

HEA e HE] B4 £ 88l a4
e 5 Ak o2 o] FAA Hojut 27 F 244
3 2ol BA 2 AR 5 98 oJv] s 87
ML AT Ak AFA A A
o2 37 Y 5 et v Faol B4 X o
A 817k B9t w917} vl o] Txo] Fastoz
Jzot MA AHES HENE A 44T 5 9
o 2 Q7o) A g ol Hol Ak 7 BAhaso 9
o 29 A W w93 5L NS A Eake

AN 1342 ESAA7HA Y A4 Z2A|7E
< 0|85t o2 Zo] ALY sith
1 Fary 0<t, . <t
U* tmax ) - arr max (3)
07 tarr - tmax

A7 tars QA ARG H TS ERFE A4 9
FEBAL R D= Z(5)01H, tuas HIE BT
of Btgsts HAd 7|EAe®E Ffe 2(s)oltt.
A4 =gt e Ue 100 7I7HH A AL, 71 &
ARG 7] B S-ols Al g0l fle Aes

=
SRR pEE
e thgat ol gt
P=aP,+ (1— a)PU 4
A7 A at At HEEES) Frid JFe 23
SHe A4 0sas19) MHAE 2tk Ag 719 A2
A ot A dm]7t FagaE S715t
o, 242 718 A4S Hea A HFY HANS:
T vl [m/s]7t SHERE =2 A4S A=
AA A= A &4 d £/ A E
ZAgsto] Attt Flolth, RF, EO/IR R S 3FANA
A EE A2 et T o, AA A AFE= o
=3 o] AT
N, N,
R= kE By » kE Br=1 ®)
=1 =1
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9]
2 919t 2ol W% R L
=

4 @olA A JEE TE Hg, BE, 53 U
i]uawwwa%w}rq FARHAL ol F g
Su 4] 712 4P os AAg et ok 2 91
7k g E e ehE 24 34 2 B8 ek,
3384 49t guA 2 a&m AES SN
ASolut H% B $HAS 2AUh vebA A B
de JPES FFot 54 1, B} G
EALE A7 4AD @ WA 5 U

1:1]—;(] ——].EE :,7_/H = 1:]-

2 AFNA = 328004 A HE AEE TS 7|4t
02 &5t 2% 28U A&7 wHal
A SA A dS= st A2 AEA &
ot AA counter-UAS &A= & AT, 39
AN EFHSAR L & AFRAS A

= %’4 dg7ret 324

2 gffoF ”PUE =2 Oq:uloﬂ/ﬂ
= YRt AS .

HA 2] (1)“5 0}04 74] ]'% Ad=e Ardol A
o5l 7120 wet W2 (low), HE (moderate),
(high) 2 A (critical) Q] Y] FA 2 EF %}, 0
7 AEeAE 33 geswe 1 2Rk Aol
ohi g B e 712 Qe gto s g,

AA dSEA A= AE =2 FA -3 B (le-
gality), % A4 (safety) & Hotj4fo] A7 F
9 & (mission priority) & F7}4 02 745?_]'1’4- =

ot UlO o

2 AL Ft 7| o] AAAH EE B H LSt
& 48T UL U AR 0§ R a3
o, 3o PAAL 79 57 ©F, A °
S A BT, B 9% A5 A
A, B, 2 FRAE 5 Ragge B4 1
gslo] FUAT YAEONAE A2 T2 4TS
A 5 9w = e,

g 5o ke UYL/ AP H e e A
o] S ¥ A kAL B o] FEA ke
ASol s BA RS SASA B A% FA E

=371 E4US P I E P et e 5
ol St Hotfdo S2=7t il G =
AlZto] w9 g2 A f-ol= Bt AF4 B4 oS
Z 7B ¢ A oYL ASTE LR AR =TS
7120 R &S Aot 7|E YA ED AR &
g4 2t dAdFH o7 urgdS 4 Q.

2 Ao = HF NS = TE (observe), T
7} &9l (verify), B4 (contain) & F 2| 3} (defeat) 9
U 2ARE Fosilth & dAE= AZ =7 AU
g0l BRsHA A2 B AEKH FA T g4
Al g 8 5ts dA ot =7 &l A= ' A A
O] A7t EAY remote ID 5 H| PS5 of 72
gelo] B3 B¢ HL&E &4 dA= HaE Y
AL AgstAY #A 7| HHR2] AAE &3 F7t
ARl 9 GAS WAIshHE dl-&2 9 vlettt. £ 35}
A= AFE7 v =2 -8 dd L Aol 1t
T g F 5o gtoto] AAH = 94 d&5
@2 A &5t HF At

Table 2. Threat level and response decision rules

Threat level  Basic action Operatlgnal Final response
constraints
Low Critica - Cont]nugus
monitoring
Remote ID/ o
Moderate Verify Flight Ident|f|cat.|on
S L and warning
authorization
High Legality and /;;edarless |2tr::2
g Contain safety satisfied PO
preparation
Legality, safety, Electronic or
Critica Defeat and mission physical
priority satisfied  neutralization
Table 2% At Zef| ]2 9] o S7F2 S Lhehdl
o /1% ATAAL AUES RO R A8STE

A3 MEls 397} Boro, 2 ATl AL 9IF
Lo & AFxdE FA9 L5k FHF dSsH
A4S AHAES AANSL. olF B HUAS
(false escalation) ¥} t|-3-+2F (missed intervention)
& BN AT 5 dou], 2877} 8 ER)
2718 WeelA ST & Ak A% b o
CETER TS

Alb ¥ 4 A9 E87E s FEEHA
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